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ABSTRACT : In the present investigation, tests were
conducted using a blend of Mahua oil and Diesel in a single
cylinder, four stroke air cooled light duty direct injection
diesel engine at different injection pressures as injection
pressure is one of the main characteristics which effects the
performance and emissions of a diesel engine. The injection
pressure was increased from 150bar to 210bar (In steps of
30bar). Two test fuels were used during experiments
including neat 100 % diesel fuel and a blend of 20%
Mahua oil by volume in the diesel. The tests were carried
out for the above proportion of Mahua oil and diesel. The
performance tests were conducted at 1500 rpm with
loading of 20,40,60,80, and 100 percent of maximum load.
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I. INTRODUCTION

The diesel engine is a type of internal combustion
engine; more specifically, it is a compression ignition
engine, in which the fuel ignited solely by the high
temperature created by compression of the air-fuel
mixture. The engine operates using the diesel cycle. The
diesel engine is more efficient than the petrol engine,
since the spark-ignition engine consumes more fuel than
the compression-ignition engine. The used of diesel
engines have extended in the last years to vehicles area
due to their high efficiency also by economic fuel cost.
In present diesel engines, fuel injection systems have
designed to obtain higher injection pressure. So, it is
aimed to decrease the exhaust emissions by increasing
efficiency of diesel engines. When fuel injection
pressure is low, fuel particle diameters will enlarge and
ignition delay period during the combustion will
increase. This situation leads to increase pressure.
Engine performance will be decrease since combustion
process goes to a bad condition. When injection pressure
increased of fuel particle diameters will become small.
Since formation of mixing of fuel to air becomes better
during ignition period, engine performance will be
increase. If injection pressure is too higher, ignition
delay period becomes shorter. Possibilities of
homogeneous mixing decrease and combustion
efficiency fall down. The fuel injection system in a
direct injection diesel engine is to achieve a high degree
of atomization in order to enable sufficient evaporation
in a very short time and to achieve sufficient spray

penetration in order to utilize the full air charge. The
fuel injection system must be able to meter the desired
amount of fuel, depending on engine speed and load,
and to inject that fuel at the correct time and with the
desired rate. Further on, depending on the particular
combustion chamber, the appropriate spray shape and
structure must be produced. Usually, a supply pump
draws the fuel from the fuel tank and carries it’s through
a filter to the high-pressure injection pump.

Dependent on the area of application and engine size,
pressures between 100 and 200 MPa generated. The
high pressures injection pump carries the fuel through
high-pressure pipes to the injection nozzles in the
cylinder head. Excess fuel transported back into the fuel
tank. The functionality of the so-called unit pump
system is practically identical to that of the unit injector
system and offers the same advantages and
disadvantages. However, the pump and nozzle not
combined into one unit. The camshaft driven a high
pressure pump and thus directly coupled with the engine
speed. The injection nozzle is located inside also-called
nozzle holder in the cylinder head and connected via a
high-pressure pipe with the pump. An advantage of this
system is that the pump and nozzle not installed at the
same place. This reduces the size of the components that
have integrated into the cylinder head and simplifies the
assembly of the injection system.

Effects of injection pressure on engine performance
have investigated on a unit pump system direct injection
diesel engine. The diesel engine performance and fuel
consumption have been measured at constant speed with
varying loads by changing the fuel injection pressure. In
the investigation is the effect of injection pressure are
conducted using Mahua oil diesel blend ratio (20:80)
which is called as B-20 is used at the different fuel
injection pressures (150 to 210 bar).

When fuel injection pressure is low, fuel particle
diameters will enlarge and ignition delay period during
the combustion will increase. This situation leads to
inefficient combustion in the engine and causes the
increase in NOx, CO emissions. When the injection
pressure is increased fuel particle diameters will become
small. The mixing of fuel and air becomes better during

52

ISSN (Print) : 2321-5747, Volume-4, Issue-2,2016



International Journal on Mechanical Engineering and Robotics (IJMER)

ignition delay period which causes low CO emission.
But, if the injection pressure is too high ignition delay
become shorter. So, possibilities of homogeneous
mixing decrease and combustion efficiency falls down.

Table 1.1 properties of Mahua oil:

Properties Diesel 2/illahua
Kinematic viscosity at 40

oc (cSt) 4,59 5.47
Density at 15 °C (kg/m°) | 850 876
Flash point (°C) 52 150
Calorific value (kJ/kg) 42000 39900
Sp.Gravity 0.85 0.876
Ash (% by mass) 0.01 0.14

Sukumar Puhan(2005)et al. In this investigation, Mahua
Oil Ethyl Ester was prepared by trans etherification
using sulfuric acid (H2SO4) as catalyst and tested in a 4-
stroke direct injection natural aspirated diesel engine.
Tests were carried out at constant speed of 1500 rev/min
at different brake mean effective pressures. Results
showed that brake thermal efficiency of Mahua Oil
Ethyl Ester (MOEE) was comparable with diesel and it
was observed that 26.36% for diesel whereas 26.42% for
MOEE. Emissions of carbon monoxide, hydrocarbons,
oxides of nitrogen and Bosch smoke number were
reduced around 58, 63, 12 and 70%, respectively, in case
of MOEE compared to diesel. Based on this study,
MOEE can be used a substitute for diesel in diesel
engine.

SukumarPuhan(2007)et al.methyl and ethyl ester of
mahua oil was prepared by trensesterification, using
sulfuric acid (H2S04) as a catalyst, and tested in a 4-
stroke direct injection naturally-aspirated diesel engine.
Tests were conducted at a constant speed of 1500
rev/min at varying brake mean effective pressures.
Results showed that brake thermal efficiency of mahua
oil ethyl ester was comparable to diesel. It was observed
that the thermal efficiency at full load for diesel was
26.36%, whereas it was 28.3% for mahua oil methyl
(MOME) and 26.42% for ethyl ester (MOEE).
Emissions of hydrocarbon (HC), carbon monoxide (CO)
and Bosch smoke numbers (BSN) were comparatively
lower than that of diesel fuel. The highest reduction in
HC emission observed in methyl ester was 60%,
compared to 49% for ethyl ester. In the case of CO
emission, 79% reduction was observed with methyl ester
and 67% for ethyl ester. Oxides of nitrogen emission
were comparatively lower and the data observed was 9%
for methyl ester and 27% for ethyl ester, at full load.
Based on this study, it has been observed that esters of
mahua oil could be used as a substitute for diesel.

Il EXPERIMENTAL SETUP &
PROCEDURE

2.1 Experimental set up

The experimental set up consists of engine, an
alternator, top load system, fuel tank along with

immersion heater, exhaust gas measuring digital device
and manometer.

Engine:

The engine which is supplied by M/s. Alimgar Company
the engine is single cylinder vertical type four strokes,
Air-cooled, compression ignition engine. The engine is
self-governed type whose specifications are given in
Appendix 1.is used in the present work.

2.2 Reasons for selecting the engine

The above engine is one of the extensively used engines
in industrial sector in India. This engine can with stand
the peak pressures encountered because of its original
high compression ratio. Further, the necessary
modifications on the cylinder head and piston crown can
be easily carried out in this type of engine. Hence this
engine is selected for the present project work.

Dynamometer

The engine is coupled to a generated type electrical
dynamometer which is provided for loading the engine.

Fuel injection pump

The pump is driven by consuming some part of the
power produced by the engine; it will provide the
required pressure to the injector. The pump is BOSCH
fuel injection pump.

Fuel injector (BOSCH)

A cross sectional view of a typical BOSCH fuel injector
The injector assembly consists of

i. A needed valve

ii. A compression spring

iii. A nozzle

iv. An injector body

U-tube manometer

The one of end of the U-tube manometer is connected to
the orifice of the air tank and the other end is exposed to
the atmosphere, the manometer liquid used is water.

Digital thermometer

It consists of a temperature sensing element connected
to the electronic digital display which is operated by
battery
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Figure 2.1
2.3 Experimental Procedure

Before starting the engine, the fuel injector is separated
from the fuel system. it is clamped on the fuel injection
pressure tested and operates the tester pump. Observe
the pressure reading from the dial. At which the injector
starts spraying. In order to achieve the required pressure
by adjusting the screw provided at the top of the injector
.This procedure is repeated for obtaining the various
required pressures.

As first said, diesel alone is allowed to run the engine
for about 30 min, so that it gets warmed up and steady
running conditions are attained. Before starting the
engine, the lubricating oil level in the engine is checked
and it is also ensured that all moving and rotating parts
are lubricated.

The various steps involved in the setting of the
experiments are explained below

1. The Experiments were carried out after

installation of the engine

2. The injection pressure is set at 150 bar for the
entire test.

3. Precautions were taken, before starting the
experiment.

4. Always the engine was started with no load
condition

5. The engine was started at no load condition and
allowed to work for at least 10 minutes to stabilize.

6. The readings such as fuel consumption, spring
balance reading, cooling water flow rate, manometer
reading etc., were taken as per the observation table.

7. The load on the engine was increased by 20%
of FULL Load using the engine controls and the
readings were taken as shown in the tables.

8. Step 3 was repeated for different loads from no
load to full load by varying injector pressures (such as
180bar and 210 bar).

9. After completion of test, the load on the engine
was completely relieved and then the engine was

stopped.
10. The results were calculated as follows.

Finally the engine is run by Mahua oil diesel blend at
various injection  pressures the  corresponding
observations are noted.

The test is carried on the Alamgir Engine for the
following fuel blends:

1. 100% Diesel
2. 20% Mahua Oil + 80% Diesel
11l CALCULATIONS AND GRAPHS

3.1 Calculations

The parameters that are determined at different loads are
as fallows

VI

1. Brake Power, B.p =— V1<%
Neran X Ngen X 1000
Where,

V = voltage, volts

A = current, amperes

Cos EI: Power factor = 1
Nwran= T ransmission Efficiency = 0.98
Ngen=Generator Efficiency = 0.9

Brake Power, B.P

20 x 0.85 x 3600
tx 1000

2. TF.C= Kg/h

Where,

T.F.C= Total Fuel Consumption, Kg/h

Specific gravity of diesel =0.85
t=Time taken for 20 c.c fuel, seconds

3. Brake Specific Fuel Consumption,

bsfe=—% Kg/kwh
B.P

4. Brake Specific Fuel Consumption,
bsfc = Kag/kwh

5. Heat Input = T.F.CXC.V kW
Where,

C.V=Calorific Value of Fuel, kd/kg

6. Frictional Power, F.P = kW (from graph by William’s
line method)

7. Indicated Power =B.P + F.P

8. Indicated Power= kW

9. Mechanical efficiency nmechzﬁx 100 %

10. Brake thermal efficiency =2 %100 %

Heat Input
12. Indicated thermal efficiency:L x 100 %
Heat Input
13. Brake Mean Effective Pressure, bmep =%

Where L = length of the stroke, m
engine = 1500/2

n = speed of the

A = Area of the cylinder, m? k = no. of cylinders=
3.1188 x 60

0.116 x %X(O.IOZ)Z X

1500
— x1
I.P x 60

14. Indicated Mean Effective Pressure, Imep = T Avnek

_ 4.6688 x 60
0.116 x %x(o.mz)2 X

1500
TXI

54

ISSN (Print) : 2321-5747, Volume-4, Issue-2,2016



International Journal on Mechanical Engineering and Robotics (IJMER)

15. Volumetric

actual volume flow rate of air

efficiency,
- — X 100
the rate at which volume is displaced
area of inlet pipex velocity of air

= X 100%

are of length of revolutions
[the cylinder ]X [the stroke ] X [per second
3.2 Graphs
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Fig. 3.1 Load Vs Brake Specific Fuel Consumption
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Fig. 3.2 Load Vs Mechanical efficiency
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Fig. 3.3 Load Vs Brake Thermal Efficiency
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Fig. 3.4 Load Vs Thermal Efficiency
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3.5 Load Vs Brake Mean Effective Pressure
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Fig. 3.7 Load Vs VVolumetric Efficiency
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Load Vs Exhaust Gas

Temperature
0400 —&—Diesel
e ‘1300 at 150
g ?OO bar
g glo 150 bar
x
we 0
|_
0 Lo'if%)% 10000
Fig. 3.8 Load Vs Exhaust Gas Temperature
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Fig. 3.9 Load Vs Carbon monoxide
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Fig. 3.11 Load Vs Carbon dioxide

I11. CONCLUSION

The engine was made to run on diesel fuel mode, and
Mahua oil —diesel mode. The experiments were
conducted at 3 different fuel injection pressures of 150
bar, 180 bar and 210 bar. The performance and emission
of the engine at full load were investigated. The
following results were obtained.

. Brake specific fuel consumption for Mahua oil-
diesel blend ishigher than the BSFCat 210 bar.(0.345
kg/kWhr at 150 bar, 0.367 kg/kWhr at 180 bar, 0.384
kg/kWhrand 0 kg/kW at 210 bar.)

. The brake thermal efficiency of the engine for
Mahua oil- Diesel blend of is high compared to diesel
mode at 180 bar and 210 bar.

. The exhaust gas temperature of diesel fuel
mode is less compared to Mahua oil-diesel mode at fuel
injection pressures of 150 and 180 bar.

o CO emission of Mahua oil-diesel mode is
higher compared to that of diesel fuel mode at all fuel
injection pressures.

. CO, emission increased up to the fuel injection
pressure of 180 bar for Mahua oil- diesel mode and then
decreased slightly at 210 bar injection pressure.

. CO emission decreased with increase in fuel
injection pressure from 180 bar to 210 bar for fossil
diesel mode of operation.

o HC emission of Mahua oil-Diesel fuel
operation is less than the diesel fuel mode at all fuel
injection pressures.

From the above analysis the main conclusion is Mahua
oil blends are suitable substitute for diesel at high
injection pressure(value), whichproduces lesser emission
and better performance then diesel.
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