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It gives me immense pleasure to address in GKM Waves Technical Magazine. My 

dear cadets, it is said that mariner’s chart their course using the stars. You ‘Young 

Seafarers’ of GKM must tune in your compass needles towards the right direction….the 

Direction of Discipline. 

Smooth sailing will never make skilful mariner. GKM believes and imbibes in each 

one of its students, the art of Self shaping – that is, being both, the sculpture and the 

sculptor.  It is this defining factor coupled with sound technical knowledge that makes GKM 

students unique and talented from the clad. 

Self-motivation threaded with self-respect should be woven into each person’s life, 

more so that of a Mariner. 

GKM Waves is one such opportunity to put these benchmarks to practice and exhibit 

your latent talents.  My best wishes to all of you that one day you may shine as bright as 

those stars that guided your way.�
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I am immensely happy to see that our Marine Engineering Department is publishing a 

technical magazine ‘GKM Waves’. This will definitely boost the confidence level of our students 

and become a platform to share the latest. 

GKM Waves provides an opportunity to everyone to demonstrate his/her inherent talent in 

creative skills and to share knowledge.  

  I whole heartedly appreciate the students for making efforts bring this magazine in good 

shape and invite them to take part in the publication of every issue of the magazine.   
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 MATERIALS AND METHODS 

 PREPARATION OF BIO-DIESEL 
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 EXPERIMENTAL SET UP 

A Kirloskar Diesel engine of AV1 

model, four stroke, direct injection, water 

cooled diesel engine was used to investigate 

this study. The schematic of experimental set-

up is shown in Fig. 1. The engine was coupled 

with an eddy current dynamometer. Fuel flow 

rates are obtained with calibrated burette. The 

cylinder pressure was measured by a 

piezoelectric sensor. The pressure signals were 

amplified with a charge amplifier and 

analyzed with a combustion analyzer to obtain 

the heat release rate. A crank angle encoder 

was employed for crank-angle signal 

acquisition. The exhaust gas emissions like 

CO, HC, and NO were measured with the help 

of AVL-444 five gas analyzer and the smoke 

emissions were measured by Bosch smoke 

meter. Inlet and outlet water temperatures and 

exhaust gas temperatures were measured by 

using K type thermocouples. The engine 

specifications are listed in Table.1. The 

experiments were conducted in different loads 

like 25, 50, 75% and 100% load with 

emulsified biodiesel. Similar experiments 

were done with diesel fuel, biodiesel fuel so as 

to make comparisons. 
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Test engine specifications 

RESULTS AND DISCUSSIONS 

PERFORMANCE CHARACTERISTICS 

 

The variations of brake thermal 

efficiency (BTE) with brake power for all test 

fuels shown in Fig. 2. The brake thermal 

efficiency increases with the increase in load 

for all test fuels. The BTE of biodiesel is lower 

than that of diesel fuel due to its lower 

calorific value and volatility. The BTE of 

biodiesel with water emulsified fuel gives 

slightly higher BTE at full loads compared to 

biodiesel. This may be due to the micro 

explosion phenomenon and volatility 

difference between water and fuels, which 

enhances the air fuel mixing during higher 

engine loads and hence the improvement in 

combustion efficiency. This could be the 

possible reason for higher BTE even though 

the calorific values of the emulsions are less 

than that of biodiesel. The BTE of 20% 

emulsified biodiesel is 7% higher than that of 

biodiesel fuel at full load, and10% and 30% 

emulsified biodiesel shows an increase of 

3.23% and 6.67% respectively at full load.  

Properties Diesel Cottonseed 

oil 

CSME 

Density (kg/m3) 

Viscosity(mm2/s) 

C.V (MJ/kg) 

Flash Point (o C) 

Fire Point (o C) 

Cetane Number 

840 

3.8 

42.5 

50 

60 

47 

910 

55.6 

38 

210 

218 

42 

860 

5.37 

38.45 

195 

205 

52 

Engine Kirloskar, AV-I, 

Power(kW) 3.67 

Bore (mm) 80 

Stroke(mm) 110 

Compression ratio 16.5:1 

Speed (rpm) 1500 

Number of cylinders 1 
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Fig.1.Schematic view of experimental setup 
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Fig. 2. Variations of brake thermal efficiency with BP 

 

 
Fig. 3. Variations of brake specific fuel consumption with BP 

 

Figure 3 shows the variation of brake 

specific fuel consumption (BSFC) with brake 

power for all the test fuels. The BSFC of all 

the test fuels are decreases with increase in 

load. It is observed that the 10% water 

emulsion of biodiesel has higher specific fuel 

consumption as compared to diesel and 

biodiesel fuel. The BSFC of diesel fuel and 

biodiesel fuel are fuel is 0.242 kg/kW-h and 

0.257 kg/kW-h where as for 10% water 

emulsion biodiesel is 0.278 kg/kW-h at full 

load. This is due to lower energy content of 

biodiesel which has resulted in more fuel 

consumptions for all the emulsified biodiesels. 
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Fig. 4. Variations of exhaust gas temperature with BP 

 

 

The variations of exhaust gas 

temperature (EGT) with brake power for all 

test fuels shown in Fig. 4. The exhaust gas 

temperature increases with increase in 

loadbecausemore fuel is burnt at higher loads 

to meet the power requirement. The EGT of 

biodiesel is higher than that of diesel fuel. The 

heavier molecules of biodiesel lead to 

continuous burning even during exhaust which 

causes higher EGT and for emulsified fuels, 

the exhaust gas temperatures are observed to 

be lesser than that of biodiesel. This is because 

the water in the emulsion gets vaporized 

during the combustion process and absorbs the 

heat energy which decreasing the adiabatic 

flame temperature. This leads to lower EGT 

than those of biodiesel fuel. The exhaust gas 

temperatures for diesel and biodiesel are 

302
o
C and 338

o
C respectively, where as for 

10%, 20% and 30% water emulsion of 

biodiesel are 318
o
C, 286

o
C and 265

o
C 

respectively at full load.  The 30% emulsified 

biodiesel shows 26% EGTreduction than in 

biodiesel, whereas 16% and 6% reduction is 

observed for 20% and 10% emulsified 

biodiesel respectively at full load. 

 
EMISSION CHARACTERISTICS 

 

Figure 5 shows the variations of 

carbon monoxide emission with brake power 

for all test fuels. The formation of CO 

emission depends upon mixture strength and 
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the availability of oxygen quantity and the fuel 

viscosity. The CO emission increases with 

increase in load for all the test fuels. It is 

observed that water emulsified biodiesel 

exhibits higher carbon monoxide emission as 

compared to diesel and biodiesel fuel. This is 

due to the presence of water in the emulsified 

fuels resulting in incomplete combustion. The 

carbon monoxide emission of diesel and 

biodiesel fuel are 0.075%Vol and 0.05 %Vol 

respectively, where as for 10%, 20% and 30% 

water emulsion of biodiesel are 0.26%, 0.29%  

and 0.30%Vol respectively at full load	�

0

0.1

0.2

0.3

0.4

0 1 2 3 4
Brake power(kW)

C
a

rb
o

n
 m

o
n

o
x

id
e

 e
m

is
s

io
n

 
(%

V
o

l)

Diesel
BD
BD with 10% water emulsion
BD with 20% water emulsion
BD with 30% water emulsion

 
Fig.5.Variations of CO emission with brake power 
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Fig.6.Variations of HC emission with BP 

�

The variations of hydro carbon 

emissions (HC) with brake power for different 

fuels have been shown in Fig. 6. The 

production of HC emission depends upon 

mixture strength and the availability of oxygen 

quantity and fuel viscosity, in turn 

atomization. The HC emissions of water 

emulsified biodiesel fuels are lower than that 

of diesel and biodiesel. This may be due to the 

micro explosion phenomenon on the 

emulsified biodiesel, which improves the 

combustion process and hence the reduction of 

HC emissions. The hydro carbon  emission of 

diesel and biodiesel fuel are 54ppm and 

51ppm  whereas for 10%, 20% and 30% water 

emulsion of biodiesel are 46 ppm 41ppm and 

37ppm respectively at  full load. It is observed 

that 30% emulsified biodiesel showed29% 

reduction in HC emission whereas 21% and 

12% reduction is observed for 20% and 10% 

emulsified biodiesel respectively compared to 

biodiesel at full load. 

 

Figure 7 depicts the variations of 

nitrogen oxide emission (NO)with brake 

power for all test fuels. The NO emissions are 

formed by oxidation ofthe atmospheric 

nitrogen at sufficiently high temperatures. The 

NO emission is increases while the load is 

increased for all the test fuels. It is also 

observed that the NO emissions are increased 

at full load due to more oxygen molecules 

present in the biodiesel as compared to diesel 

.It is observed that NO emissions of water 

emulsified biodiesel fuels are found 

decreasing than diesel and biodiesel at full 

load. This may be due to the lower peak 

combustion temperature, due to the presence 

of water in the emulsified fuels, reduces the 

formation of Nitrogen oxide emissions at full 

load. The NO emission of diesel and biodiesel 

fuel at full load is 496ppm and 538ppm 

respectively, where as for 10%, 20% and 30% 

water emulsion of biodiesel are 451ppm, 

409ppm and 379 ppm respectively at full load.  

It is observed that 30% emulsified biodiesel 

showed 30% reduction in NOemissionthan 

biodiesel, whereas 24% and 16% reduction is 

observed for 20% and 10% emulsified 

biodiesel respectively at full load. 
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Fig 8. Variation of smoke emission with BP 
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Y� �� ��� ��� �The variations of smoke emission with 

brake power at different loads for all test fuels 

have been shown in Fig. 8. The smoke 

emission of biodiesel is lower than diesel fuel 

due to more oxygen molecules present in the 

bio diesel . Water emulsified fuels show 

considerable reduction in smoke compared to 

biodiesel at full load. This may be due to water 

gets vaporized by absorbing the heat energy 

during combustion process. This increases the 

ignition delay period of emulsified fuels. This 

increase in delay period improves the mixing 

process which leads to faster combustion 

reaction and hence the reduction of smoke 

emission. It is observed that 30% emulsified 

biodiesel showed 32% smoke reduction than 

biodiesel, whereas 25% and 15% reduction is 

observed for 20% and 10% emulsified 

biodiesel respectively compared to biodiesel at 

full load. 

CONCLUSION 

In this study, the experiment was 

conducted to study the performance, 

combustion and emission characteristics of a 

diesel engine with 10%, 20% and 30% water 

emulsified biodiesel and the results were 

compared with thebiodiesel fuel. From this 

experimental study the following conclusions 

were drawn. 
 

1. The brake thermal efficiency is 

increased by 3.23%, 7.0% and 6.67% for 10%, 

20% and 30% emulsified biodiesel compared 

to biodiesel at full load.  

2. The exhaust gas temperature is 

decreased by 26% for 30% emulsified 

biodiesel and for 20% and 10% emulsified 

biodiesel is 16% and 6% is observed 

respectively compared to biodiesel at full load. 

3. The CO emission is increased for all 

emulsified biodiesel due to water content 

present in the biodiesel, whereas the HC 

emission is decreased by 29% for 30% 

emulsified biodiesel and for 20% and 10% 

emulsified biodiesel it is 21% and 12% 

respectively compared to biodiesel at full load. 

4. The NO emissions are decreased by 

30% for 30% emulsified biodiesel and 24% 

reduction for 20% emulsified biodiesel and 16 

% reduction for 10% emulsified fuel compared 

to biodiesel and full load.  

5. The smoke emission decreased by 

32% for 30% emulsified biodiesel and 25% 

and 15% reduction in smoke is observed for 

20% and 10% emulsified biodiesel 

respectively compared to biodiesel at full load. 

6. The higher peak pressure and heat 

release rate is observed for 10%, 20% and 

30% water emulsified biodiesel compared to 

biodiesel at full load. 

7. From the detailed study, it is 

observed that 20% emulsified biodiesel 

showed best performance and 30% emulsified 

biodiesel showed best emission reduction than 

biodiesel at full load.  
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