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Abstract

Fuel injection pressure is one of the important parameters which affect the performance and emissions in an internal combustion
engine. Fuel injection pressure directly effects the atomization of injected fuel which allows for a more complete burn and helps
to reduce pollution. The main objective of this work is production of biodiesel from milk scum waste and to investigate the effect
of fuel injection pressure on performance and emission characteristics of milk scum biodiesel and its blends. In the present work
single cylinder direct injection diesel engine is used to study the performance and emission characteristics at different injection
opening pressures of 190 bar, 200 bar and 210 bar. The produced biofuel is blended with diesel (B10, B20, B30, B40, B50 and
B100) were tested for fuel properties to use as substitute fuel for diesel engine. The tests were conducted at constant speed and
varying loads for different injection opening pressures. The performance parameters evaluated are break thermal efficiency
(BTE), brake specific energy consumption (BSEC) and emissions measured are carbon monoxide (CO), hydrocarbon (HC) and
oxides of nitrogen (NOXx). The results of experimental investigation with biodiesel blends with diesel are compared with that of
diesel. From the test results it was found that biodiesel blend B30 at injection opening pressure of 210 bar gives better
performance and emission characteristics compared to diesel.

Keywords: Biodiesel, Milk scum methyl ester, Transesterification Process, diesel engine, Injection Opening Pressure,
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I. INTRODUCTION

In recent past, world is faced with the crisis of fossil fuel depletion and environmental degradation. The situation demands to
search for new alternative fuels which should be sustainable as well as environmental friendly. One of the alternate fuels that can
be used in present diesel engine without much modification is biodiesel. Biodiesel is a cleaner fuel than petroleum diesel and an
exact substitute for existing compression engines. Biodiesel has received much attention in the past decade due to its ability to
replace fossil fuels, especially the environmental issues concerned with the exhaust gases emission by the usage of fossil fuels
also encourage the usage of biodiesel, which has proved to be eco-friendly far more than fossil fuels. Biodiesel is known as a
carbon neutral fuel because the carbon present in the exhaust was originally fixed from the atmosphere. Biodiesel can be used in
its pure form or can be blended with diesel to form different blends. It can be used in diesel engines with very little or no engine
madifications. This is because it has properties similar to mineral diesel.

Biodiesel is more expensive than conventional diesel fuel because of cost of raw material [1]. To reduce cost of biodiesel there
is need to look for the alternative sources which are not useful and go as waste. This lead to search for excavation of biodiesel
feed stocks from unconventional, non-edible oil and fats like, waste grease, waste cooking oil, disposed automobile tyres etc.
The present work explores one such alternative Milk scum waste from diaries and reveals that biodiesel from milk scum oil is
suitable alternative fuel for diesel.

Annual production of milk in India is 150 million tons per year. Thousands of large dairies are engaged in handling this milk
across the country. Raw chilled milk of cows and buffalos are standardized into market milk and milk products such as Butter,
Ghee, Cream, Peda, Panner, Cheese, Yoghurt, Ice cream and other products. Large dairies are handling number of equipments
for processing, handling, storage, packing and transportation of milk and milk products. Enormous quantities of water are used
for housekeeping, sterilizing and washing equipments, during this process residual butter and related fat which are washed and
get collected in effluent treatment plant as a scum. Scum is a less dense floating solid mass usually formed by a mixture fat,
lipids, proteins, packing materials etc. A large dairy, which processes 5 lakh liters of milk per day, will produce approximately
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200-350 kgs of effluent scum per day, which makes it difficult to dispose. By doing so, it is economically wasteful and generates
pollutants. Further, scum causes direct as well as indirect operational difficulties for effluent treatment [5].

Priyanka.S.Thombre et al. investigated the feasibility of utilization of this dairy waste scum from milk industries for the
production of glycerin and biodiesel. The Transesterification reaction was carried out in presence of base catalyst potassium
hydroxide. The effects of methanol to oil ratio, temperature, reaction time, speed of agitation in rpm and amount of potassium
hydroxide were investigated. It was found that the fuel properties were quite comparable and some even well than the properties
of petroleum diesel. The analysis of some important fuel properties indicate that the biodiesel produced has the properties that
meet the standard of biodiesel & diesel fuel.

Benson Varghese Babu et al. used diary waste scum as the raw material to produce biodiesel. Scum oil methyl ester is
produced in laboratory by Transesterification process. An experiment has been carried out to estimate the performance, emission
and combustion characteristics of a single cylinder four stroke diesel engine fuelled with scum biodiesel and its blends with
standard diesel. Tests has been conducted using the fuel blends of 10%, 20%, 30% and 100% biodiesel with standard diesel, with
an engine speed of 1500 rpm, fixed compression ratio 17.5 and injection opening pressure of 200 bar. They reported that brake
thermal efficiency of B30 is comparable with that of diesel fuel and reduction in major pollutants HC and CO with the use of
blends of biodiesel as compared to diesel. Ravichandra V Koti et al. studied the performance with mixture of safflower oil and
milk scum oil as biodiesel in a single cylinder direct injection compression ignition engine. They reported that brake thermal
efficiency of B20 blend is close to that of diesel fuel and HC, CO and CO, are found to be less than that of diesel except NOx
emissions. The present work aims to study the effect of injection opening pressure on the performance and emission
characteristics of milk scum biodiesel and its blends in a single cylinder direct injection diesel engine at constant speed at
injection opening pressures of 190 bar, 200 bar and 210 bar.

1. EXPERIMENTAL PROCEDURE

A. Biodiesel Production:

The scum collected from the KMF, Channarayapatna (Karnataka milk federation) diary is heated and filtered to remove waste
particle like sand, packing materials, insects and other impurities present in the scum. After filtering we will be getting orange
color thick oil. From 3kg of scum about 1 litre scum oil was extracted. The free fatty acid of the oil was found to be high.
Because scum oil is having high FFA content two step transesterification process is chosen to convert the non-edible scum oil to
its biodiesel. The first step acid catalyzed esterification reduces the FFA value of the oil to about 4%. The second step, alkaline
catalyzed transesterfication process converts the products of the first step to its mono-esters and glycerol. In acid esterification,
1000 ml scum oil is heated to about 50°C, 150 ml methanol is added and stirred for a few minutes. With this mixture 2% H,SO,
is also added and stirred at a constant rate with 65 °C for one and half hour. After the reaction is over, the solution is allowed to
settle for 24 hours in a separating funnel. The excess alcohol along with sulphuric acid and impurities floats at the top surface
and is removed. The lower layer is separated for further processing. In alkaline catalyzed esterification, the products of the first
step are again heated to about 65 to 70 °C. With this mixture, 6.5 g NaOH dissolved in 150 ml methanol is added and stirred for
90 minutes. After the reaction is over, the solution is again allowed to settle for 24 hours. The glycerin settles at the bottom and
esterified scum oil rises to the top. This esterified scum oil is separated and purified with warm water. After washing the final
product is heated up to 105 °C for 10 minutes .The esterified scum oil so prepared is referred as scum biodiesel. Finally 850ml of
biodiesel and 150 ml of glycerin was obtained from 1litre of scum oil.

B. Fuel Properties:

The important properties of diesel, milk scum biodiesel and its blends are shown in table 1. The important fuel properties like
specific gravity, viscosity, calorific value, fire point and flash point are measured as per ASTM standards using hydrometer,
Redwood viscometer, Bomb’s calorimeter and Pensky-martens closed cup apparatus.

Table — 1:
Properties of Milk scum oil methyl ester and diesel

Parameters Unit B10 B20 B30 B40 B50 B100 | Diesel

P : 3
Spec@'];'czg{f‘”ty Kg/m™ | 083 | 0.848 | 0.851 | 0.855 | 0.862 | 0.872 | 0812
Kinematic viscosity | Cst | 547 | 559 | 311 | 322 | 396 | 438 | 21

@ 40°

1 0

Flash point C | s5 | 58 | 62 | 68 | 76 | 130 | 44

i i °C

Fire point 62 65 70 78 85 138 54
Calorificvalue | kIkg | 45900 | 42500 | 42081 | 38970 | 37404 | 36850 | 43400
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C. Experimental Setup:

Control

w—

Fig. 1: Diesel Engine Test Rig

—  PT Pressure transducer

—  T1 Jacket water inlet temp

— T2 Jacket water outlet temp

— T3 Calorimeter water inlet temp

— T4 Calorimeter water outlet temp

—  T5 Exhaust gas to calorimeter temp

— T6 Exhaust gas from calorimeter temp

— N Rotary encoder

— EGA Exhaust Gas Analyzer

—  F1 Fuel flow

- F2 Airflow

A single cylinder, four strokes, water cooled, compression ignition engine with a bore 80 mm and stroke of 110 mm and a

compression ratio of 16.5:1 was used for the experimental work. The engine was rated for 5 HP at 1500 rpm with centrifugal
governor to control the speed. The performance and exhaust emission tests were carried out in a constant speed, direct injection
diesel engine. The engine specifications are represented in Table 2. The engine was loaded with electrical resistive load. Fuel
consumption was volumetrically measured using measuring burette, the consumption was determined by measuring the time for
the consumption of a fixed fuel volume. The air flow was measured using an orifice flow meter and the exhaust gas temperatures
were recorded with chromel alumel thermocouples. The engine was started on neat diesel fuel and warmed up. The warm up
period ends when the cooling water temperature was stabilized. The Kirloskar, engine is one of the widely used engines in
agriculture tractor, pump sets, farm machinery and medium scale commercial purposes.

Table — 2:
Engine specification
SL NO | ENGINE PARAMETERS SPECIFICATION
01 Machine supplier INLAB Equipments. Bangalore.
02 Engine Type TV1(Kirloskar, Four Stroke)
03 Number of cylinders Single Cylinder
04 Number of strokes Four-Stroke
05 Rated power 3.7KW (5 HP) @1500RPM
06 Bore 80mm
07 Stroke 110mm
08 Cylinder Capacity 553cc
09 Compression ratio 16.5:1
10 Loading Eddy current dynamometer

D. Experimental Procedure:

The engine was started by hand cranking with diesel fuel and it was allowed to run till it reaches steady state. The test fuels used
during this program were Milk scum biodiesel (100%), diesel fuel (100%), and blends of 10, 20, 30, 40, 50 percent biodiesel by
volume in the diesel fuel. Selected properties for fuels are listed in Table 1.The engine was sufficiently warmed up and stabilized
before taking all readings. The performance of the engine and emissions were studied at variable loads corresponding to the load
at maximum power at an average speed of 1500 rpm. After the engine reached the stabilized working condition, load applied,
fuel consumption, brake power and exhaust temperature were measured from which brake specific energy consumption and
thermal efficiency were computed. The emissions such as CO, HC and NO, were measured using an exhaust gas analyzer. These
performance and emission characteristics for different fuels are compared with the result of diesel.
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111.RESULTS AND DISCUSSIONS

A. Performance Characteristics:

The engine performances with Milk scum biodiesel are evaluated in terms of brake thermal efficiency, brake specific energy
consumption for different loading conditions. The results obtained pertaining to the performance of the engine is demonstrated
with the help of suitable graphs. The biodiesel used is as per ASTM standard and there is no modification in the engine. The
experiment is carried out at constant compression ratio of 16.5:1 at speed of 1500rpm by varying the brake power.

1) Brake thermal efficiency
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Fig. 4: Variation of BTE vs Brake power at 210 bar

The variation of brake thermal efficiency with brake power for biodiesel and its blends at different injection opening pressure are
presented in Fig.2, Fig.3 and Fig.4. In all cases, it increased with increase in load. This was due to reduction in heat loss and
increase in power with increase in load. With increase of injection opening pressure there is an improvement in the brake thermal
efficiency of all blends. The results indicated that percentage increase in brake thermal efficiency of B30 at injection opening
pressure of 210 bar is higher than diesel by 3.27%. At lower injection pressures of 190 bar and 200 bar the brake thermal
efficiency of diesel is higher than biodiesel and its blends. The possible reason for increase in brake thermal efficiency at 210 bar
may be complete combustion caused by better atomization.
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2) Brake Specific Energy Consumption:
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. 5: Variation of BSEC vs Brake power at 190 bar
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Fig. 7: Variation of BSEC vs Brake power at 210 bar

Brake specific energy consumption (BSEC) is an ideal variable because it is independent of the fuel. Hence, it is easy to compare
energy consumption rather than fuel consumption. The variation in BSEC with brake power at different injection opening
pressures and for all blends is presented in Fig.5, Fig.6 and Fig.7. In all cases, it decreased with increase in percentage of load for
all fuels. The main reason for this could be that percent increase in fuel required to operate the engine is less than the percent
increase in brake power due to relatively less portion of the heat losses at higher loads. The results indicated that the brake
specific energy consumption of B30 fuel is comparable with diesel at 210 bar injection opening pressure. The difference in
percentage being 2.27% higher for biodiesel fuel B30 than diesel fuel. In other injection opening pressures of 190 bar and 200
bar the difference is much higher with diesel fuel which has minimum brake specific energy consumption.
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B. Emission Characteristics:
1) Hydrocarbon Emissions:
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Fig. 8: Variation of HC vs Brake power at 190 bar
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Fig. 10: Variation of HC vs Brake power at 210 bar

Fig. 6, Fig. 7 and Fig. 8 shows the variation of hydro carbon emission with brake power for different biodiesel and diesel fuels

for injection opening pressure of 190 bar, 200 bar and 210 bar respectively. Biodiesel and its blends results in less HC emission

as compared to that of diesel. The maximum reduction is obtained for B30 at an injection opening pressure of 210 bar with

respect to diesel. B100 has the least emission in all cases. The possible reason for the reduction of HC emissions with biodiesel is

the excess oxygen content in the biodiesel molecule than diesel molecule which leads to more complete and cleaner combustion.
2) Oxides of Nitrogen:
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Fig. 11: Variation of NOx vs Brake power at 190 bar
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Fig. 12: Variation of NOy vs Brake power at 200 bar
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Fig. 13: Variation of NOy vs Brake power at 210 bar

Nitrogen oxides are measured by an exhaust analyzer in parts per million (ppm). Nitrogen oxides are by products of combustion.
NOy emissions are extremely undesirable. Three conditions which favor NOyx formation are higher combustion temperature,
more oxygen content and faster reaction rate. The Fig. 11, Fig.12, Fig.13 shows variation of NOx with brake power for different
injection opening pressures for various loads. It is observed that the NOx emission was more for the biodiesel compared to that
of diesel at all the loads. This could be due to increase in the exhaust gas temperature and availability of oxygen in the fuel. B30

at 210 bar opening pressure shows lower NOyx emissions compared to other blends of biodiesel.

3) Carbon Monoxide:
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Fig. 14: Variation of CO vs Brake power at 190 bar
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Fig. 15: Variation of CO vs Brake power at 200 bar
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Fig. 16: Variation of CO vs Brake power at 210 bar

Carbon monoxide is one of the compounds formed during the intermediate combustion stages of hydrocarbon fuels. As
combustion proceeds to completion, oxidation of CO to CO, occurs through recombination reaction between CO and the
different oxidants. If these recombination reactions are incomplete due to lack of oxidants or due low gas temperature, CO will
exist. Fig.14, Fig.15 and Fig. 16 shows the variation of NOx with brake power for different injection opening pressures for
various loads. For biodiesel and its blends CO emission is lower than that of diesel because biodiesel contains extra oxygen
molecule that results in complete combustion of the fuel and supplied the necessary oxygen to convert CO to CO,. Compared to
diesel B30 blend showed percentage reduction in CO emission by 20% at injection opening pressure of 210 bar.

1VV. CONCLUSIONS

In this study the effect of injection opening pressure on the engine performance and emission of direct injection diesel engine has
been experimentally investigated at varying load condition using milk scum oil biodiesel and blends with diesel fuel. Injection
pressure was varied from 190 bar to 210 bar in steps of 10 bar. The observations drawn from this study were summarized as
follows.

1) The diesel engine performed satisfactorily on biodiesel fuel without any engine modification.

2) The Brake thermal efficiency increased with increase in injection opening pressure for all blends. B30 found to be the
optimum blend which has shown percentage increase in brake thermal efficiency of 3.27% higher than diesel at
injection opening pressure of 210 bar.

3) Most of the major exhaust pollutants like HC, CO reduced with the use pure biodiesel and its blends. B30 gives 15%
lower HC emission and 20% lower CO emission at injection opening pressure of 210 bar compared to diesel
respectively.

4) NOx emissions for biodiesel fuels are higher than diesel fuel at all injection opening pressures. The NOx emission of
B30 at 210 bar shows percentage increase in emission by 8.26% than diesel. All other blends show much higher
difference than diesel.

5) Brake specific energy consumption has shown reduction with increase in injection opening pressure.

6) Based on the experimental investigation it can be concluded that milk scum biodiesel can be adopted as alternative fuel
for existing diesel engines.

7) At full load the engine exhibits better performance and emission characteristics for all the biodiesel fuels at injection
opening pressure of 210 bar compared with 190 bar and 200 bar.
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