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Abstract — This paper aims to optimize the Bio-Diesel engine parameters of Kirloskar TV1. In India with
increase in use of technology, Automobile sector is growing rapidly and search for capable alternative
fuel is required. Biodiesel is an alternative to conventional diesel fuel made from renewable resources,
such as non-edible vegetable oils. No engine modifications are required to use biodiesel in place of
petroleum-based diesel. Petroleum prices approaching record highs and they will deplete within few
decades, it is clear that more can be done to utilize domestic non-edible oils while enhancing our energy
security. Optimization of Bio-Diesel engine parameter i.e. Mechanical Efficiency is done using Orthogonal
Array of L-9 in Taguchi analysis. Optimum levels of variance from test results are taken and confirmed
practically.
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INTRODUCTION Transesterification Process:

Palm oil is obtained from the fruit of Palm oil tree. The Biodiesel is a very versatile transport fuel and can be
palm fruit is the source of both palm oil (extracted from produced from local raw material or collection of used
palm fruit) and palm kernel oil (extracted from the fruit vegetable or frying oil in rural regions of developing
seeds). Palm oil itself is reddish because it contains a countries. There are three basic routes to biodiesel

high amount of beta-carotene. It is used as cooking oil, production from oils and fats. [12]:
to make margarine and is a component of many
processed foods. Boiling it a few minutes destroys the . Base catalyzed transesterification of the oil
carotenoids and the oil becomes white. Palm oil is one
of the few vegetable oils relatively high in saturated . Direct acid catalyzed transesterification of the
fats (such as coconut oil) and thus semi-solid at room oil
temperature.

. Conversion of oil to its fatty acids and then to
Chemical Composition: biodiesel

The palm oil and palm kernel oil are composed of fatty ~ Transesterification reaction is a stage of converting
acids, esterified with glycerol just like any ordinary fat. oil or fat into methyl or ethyl esters of fatty acid, which
Both are high in saturated fatty acids, about 50% and  constitutes to biodiesel. Biodiesel (methyl ester) is
80%, respectively. The oil palm gives its name to the  obtained through the reaction of triglycerides of
16 carbon saturated fatty acid palmitic acid found in  vegetable oils with an active intermediary, formed by
palm oil; monounsaturated oleic acid is also a the reaction of an alcohol with a catalyst.

constituent of palm oil while palm kernel oil contains

mainly lauric acid. Palm oil is the |argeS'[ natural source The genera' reaction for Obtaining biodiesel through
of tocotrienol, part of the vitamin E family. Palm oil is transesterification is.

also high in vitamin K and dietary magnesium.

Oil or Fat + Methanol — Methyl Esters + Glycerol

Oil or Fat + Methanol — Ethyl Esters + Glycerol
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Transesterification reactions may employ various types
of alcohols, preferably, those with low molecular
weight, with the most studied ones being the
methylated and ethylated alcohols. Studies have
shown that transesterification with methanol is more
viable technically than with ethanol. Ethanol may be
used as long as it is anhydrous (with a water content
of less than 2%), since the water acts as an inhibitor
reaction. Another advantage in using methanol is the
separation of glycerin (obtained as a by-product of the
reaction) from the reactive medium, since, in the case
of synthesis of the methylated ester, this separation
may be easily obtained through simple decantation
illustrates the simplest procedure of manufacturing.

Oil extraction at mill \\

o R
o | =\| X /
\

Sterilization
in large pressure vessels

—

Transportation of
fresh fruit bunches

Stripping
in rotation drum

Il

V- \ J
{ Cmde::gmble I=———— G|
4}/ \_/ e

Refining Process

Extraction
in homogeneous
oil mash

Purification
ina clarification tank

X

Allali Allali Earth
Refining Hf\'eunhzaﬂm Bleaching Bl F%
1
]

A

Physical Refining | Deguuming and Deacidification ;
(Steam) e-bleaching md
- = Deodorization
Fatty Acid
Distillate

Fig. 1: Manufacturing process of Bio-Diesel
Bio-Diesel Blend:

Biodiesel is a domestically produced, renewable fuel
that can be manufactured from new and used
vegetable oils, animal fats, and recycled restaurant
grease. Biodiesel's physical properties are similar to
those of petroleum diesel, but it is a cleaner-burning
alternative. Using biodiesel in place of petroleum
diesel significantly reduces emissions of toxic air
pollutants. What is a biodiesel blend? Biodiesel can be
blended and used in many different concentrations,
including B100 (pure biodiesel), B20 (20% biodiesel,
80% petroleum diesel), B5 (5% biodiesel, 95%
petroleum diesel), and B2 (2% biodiesel, 98%
petroleum diesel). B20 is a common biodiesel blend in
the United States.

Blending biodiesel with petroleum diesel may be
accomplished by:

1. Mixing in tanks at manufacturing point prior to
delivery to tanker truck

2. Splash mixing in the tanker truck (adding
specific percentages of biodiesel and
petroleum diesel)

3. Inline mixing, two components arrive at tanker
truck simultaneously.

4. Metered pump mixing petroleum diesel and

biodiesel meters are set to X total volume,
transfer pump pulls from two points and mix is
complete on leaving pump.

Splash Mixing Method:

The most common and least accurate method of
blending used for biodiesel is splash blending. Splash
blending is done when a truck is already having diesel
pumped with biodiesel. The temperature of biodiesel
should be 18 to 20 degree Celsius when diesel is
colder than 8 degree Celsius.

In Line Mixing Method:

Inline blending is done with two storage tanks
containing biodiesel components and refinery-
produced diesel or diesel components passing
through a pipe and hose, mixed in a particular ratio
and collected in a third, final product tank. This
method allows large volume blends in one go. To
avoid the risk of shock crystallization, it is better to
have biodiesel temperature 6 degrees Celsius above
cloud point. Keeping biodiesel in a diesel tank for a
long time is not advisable. Although this method
offers better blend consistency for biodiesel than
splash blending, density and viscosity changes in the
biodiesel require adjustments to the meters for an
accurate blend.

Injection Mixing:

Injection mixing is the blending of fuels in tanks at a
manufacturing point prior to delivery to the tanker
truck. In this method, valve controls ensure that a
particular quantity of biodiesel components is injected
along with the diesel product in a particular ratio.

Experimental Setup:

Bio-Diesel Engine Test
Rig

Varying load and pressure
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Fig. 2: Block diagram of the experimental process
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The test rig details are as in the Table:

Table. 1: Test Rig Description

Engine Parameters Description
Engine Type Single  Cylinder I.C
Diesel Engine
Make Kirloskar TV1

Cooling System Water cooled

Power 5.2 KW
Compression Ratio 17.50
Cylinder Bore 87.50(mm)
Stroke Length 110.00(mm)
Connecting Rod length 234.00(mm)
Swept volume 661.45 (cc)

;|P

Fig. 3: Bio-Diesel Test Rig
Selection of Orthogonal Array:
To select an appropriate orthogonal array for
conducting the experiments, the degrees of freedom

are to be computed. The same is given below:

o Degrees of Freedom: 1 for Mean Value, and
8= (2x4), two each for the remaining factors

. Total Degrees of Freedom: 9

The most suitable orthogonal array for experimentation
is L9 array as shown in Table

Table02: Selection of L-9 Orthogonal Array

Exp Column

A B C

OO N0 AW NP
W W WINNNFP PP
WINPT WINRFRPW NP
NP W R WN W NP

Analysis:
Test results using L-9 orthogonal array:
S/N Ratio of Mechanical Efficiency:

1&1
SNr =-10log| = > —
=-1010g 23" |

i=1 1!

1
SN, =-10log [%Z !

121055 j =32.245

. SIN Table03 : S/N Ratio of Mech. Efficiency

Exp | Diesel / | Load Injec- Mech. SNL
Biodiesel Effici-
Proportion (Kg) tion ency

(%)
(%) Pre-
ssure
(MPa)

1 85/15 4.3 17 40.95 32.24

2 85/15 8.5 19 51.04 34.15

3 85/15 13.1 21 62.43 35.90

4 80/20 4.3 19 31.3 29.91

5 80/20 8.5 21 58.98 35.41

6 80/20 13.1 17 66.56 36.46

7 75125 4.3 21 56.95 35.10

8 75125 8.5 17 54.9 34.79

9 75125 13.1 19 64.2 36.15
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Fig. 5: S/IN_ Ratio v/s Load of Mechanical Efficiency

SNL
36

>
z < /

335 \/

33
325
32

=—4—SNL

17 19 21
Injection Pressure (MPa)

Fig. 6: S/N_ Ratio v/s Injection Pressure of
Mechanical Efficiency

SN,

38

—s
34 o= —

== oad
32

30 Injection
Level Level Level Pressure
1 2 3

—4—DBio-Diesel
Proportion

SN,

Fig07: S/N. Ratios of Variance v/s Levels

Table0O4: Response Table of Mech. Efficiency

Sr. Engine Mean S/N, Ratio
No. Parameters Levell | Level | Level3 | Max | Opt.
2 - Level
Min
1 Bio-Diesel | 3419 [ 2392 3535 | 142 | 3535
Proportions
2 Load 3242 | 34.78 | 36.17 | 3.75 | 36.17
3 'F’,”ec“o" 3450 | 3340 | 3547 | 207 | 35.47
ressure

Table. 5: ANOVA Table of Mechanical Efficiency

° & 0 S
N S & 5
< a 2 a
° P o E = I =
£ c £ o .g o I= - g
g 28 ge | E |5 |& |8
@ w8 o= @ = o s
A Bio-Diesel 2 360 | 180 |o0s80 |[o998
Proportion
B Load 2 216 | 108 | 483 | 598
G Injaction 2 643 | 321 | 144 |178
Pressure
3 446 | 223 12.3
5
i
_ 9 36.1 | 18.0 100
[0]
B
=
CONCLUSION:

The optimum values obtained from the analysis for
Mechanical efficiency is 3-3-3 (Bio-Diesel Proportion-
Load-Injection Pressure). The optimum levels are as
follows,

1. 75% Diesel and 25% Bio-Diesel Proportion
2. 13.1 (Kg) Load
3. 21 (Mpa) Injection Pressure

Using these optimum values the test was conducted
again and the value of Mechanical Efficiency obtained
is 68% approximately.
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