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Abstract
Experiments were conducted on a Kirloskar make, air cooled diesel engine using rubber seed biodiesel and its blends with diesel
(10%, 20%, and 30% by volume) as a substitute fuel to petro- diesel. The load was applied in the range 0 to 100% (0, 25%, 50%,
75% and 100%) in steps of 25% of maximum load at an injection pressure of 200 bar and injection timing of 23° of crank angle
before top dead centre. The performance parameters (BP, BTE and BSFC), pollutants (CO, HC, CO,, NO, and smoke opacity)
and combustion characteristics (cylinder pressure rise and heat release rate for every degree of crank angle) were measured for
pure biodiesel and its blends. The results obtained were compared with petro-diesel. Among the fuels tested, 10% blend of rubber
seed biodiesel showed a better performance in terms of increased Brake Thermal Efficiency (BTE) and decreased Brake Specific
Fuel Consumption (BSFC). Significant reductions in pollutants (except NO,) were observed for pure rubber seed biodiesel and its
blends at all power outputs as compared to petro-diesel. Combustion features of rubber seed biodiesel and its blends were similar

to petro-diesel operation.
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1. INTRODUCTION

Petroleum based fuels are depleting at faster rate because of
their demand in all the fields such as transportation,
agriculture, power generation, etc., in India as well as other
countries. There should be an alternate to diesel fuel may be
after a decade or two, when scarcity exists for diesel in all
over the world. As 100% replacement cannot be possible
due to the problems associated with hardware components
of internal combustion engines, but there is a provision to
replace 20-30% of diesel with an alternate fuel in an existing
engine without any modifications [1]. Since the invention of
internal combustion engine, many researchers tried usage of
alternative fuel, but there are still many hindrances in
commercializing the usage of alternative fuel in many
countries [2].

Bio-fuels (vegetable oils) are considered as a choice for
alternative to diesel because of their similar physical and
chemical properties as that of conventional diesel [3, 4].
Bio fuels obtained from tree borne seeds or animal fats
cannot be used directly in the engine because of their higher
viscosity (almost ten times more than conventional diesel)
[5]. This high viscosity of oil leads the problems of flow
through the lines from tank to the injector, results in wear
and tear of fuel injector parts, premature wear of the
injection pump, carbon deposits inside the engine cylinder
and crown of the piston, combustion chamber, valve seats
etc. thereby decreasing the engine life [4, 5]. Other problems

of high viscosity are poor atomization, improper mixing
with air in the combustion chamber, partial combustion,
dilution with lubricating oil. These problems results in lower
power output from the engine. The one possible solution to
overcome these problems i.e., to reduce the viscosity of
straight vegetable oil and make it nearer to diesel is, to
convert it in to biodiesel by a well known simple chemical
process called transesterification [3, 6].

Transesterification is a process in which vegetable oil reacts
with a methanol or ethanol in the presence of a catalyst to
produce biodiesel and glycerol as a byproduct. Biodiesel is
having almost same properties as that of conventional diesel
and can be successfully used in engine either directly or in
blended form. Some properties of biodiesel are superior to
diesel such as higher cetane number, least sulphur content
and presence of 10-12% of oxygen by weight [3, 7]
Higher cetane number indicates better ignition quality of
biodiesel; lower sulphur content reduces SO, emissions and
presence of oxygen results in complete combustion. Engine
running with biodiesel and its blend reduces harmful
exhaust emissions such as CO, UBHC, smoke and
particulate matters as compared to conventional diesel [8].
The CO, emission by biodiesel is balanced on the earth as
CO, will be absorbed by trees and reducing global warming.
The NOx emission by biodiesel is more compared to
conventional diesel [2]. NOx emission can be reduced using
a catalytic converter in the exhaust pipe or using exhaust gas
recirculation technique [9].Rubber seed biodiesel is
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identified as one of the potential substitute fuel to diesel in
the present research work from the literature survey made
[10, 11, 12].

1. BIODIESEL PRODUCTION

The ripened seeds of rubber tree are collected and dried in
sunlight and decorticated, to separate shell and seeds in a
decorticator. The seeds are crushed for oil in an oil expeller.
The crude rubber seed oil is then filtered to remove
impurities. The filtered crude oil is transesterified to obtain
biodiesel. Transesterification is a chemical reaction between
oil and (methyl or ethyl) alcohol to form mono esters and
glycerol. In order to improve the reaction rate and yield, a
catalyst is generally used. The oil to be transesterified is pre-
treated to remove impurities and moisture content present in
crude oil. The moisture content in oil is removed by heating
the oil above 100°C. Then the oil is titrated to determine the
amount of FFA (Free Fatty Acid) present in it. This
determines the quantity of catalyst to be added for the
reaction. Generally catalyst is added along with alcohol
(methanol or ethanol) to the oil. The chemical reaction takes
place at prescribed temperature for definite amount of time.
The glycerin and ester gets separated. The ester is washed
and dried to obtain biodiesel. The block diagram of the
trasnesterification and chemical process of conversion is as
shown in Fig 1 (a) & (b). Properties of rubber seed biodiesel
and its blends compared to petro-diesel are given in table 1.

Vegetable oils Recycled

| pitueacid evertaton Sugher+
Methanol + KOH | Transesterification
Methanol Crude glycerin Crude l:‘iodi:scl
Recovery l
]—{ Glycerin refining | I Refining
Residue |
Glycerin Biodiesel
Fig. 1 (a) Block diagram of transesterification
H.C-0COR' ROCOR" H,C-CH

| b |

HC-0COR' + 3ROH —==- ROCOR' + HC-OH

| t |
H,C-0COR" ROCOR"  HC-OH
Triglyceride  Alcohol Alkylester  Glyeeral

Fig. 1 (b) Chemical reaction of transesterification process

Table 1- Properties of Rubber seed biodiesel and its blends
compared with petro-diesel

Kinematic
Sl. Fuel viscosity Flash Density CcVv
No. @40°C point °C)  (kg/m®) (kJ/kg)
(Cst)
1 Diesel 2.54 54 840 42500
2 RSBD10 2.81 63 843 40810
3 RSBD20 3.24 67 847 39771
4 RSBD30 3.73 71 850 39232
RSBD100
5 (Pure 5.81 146 874 34662
biodiesel)

2. EXPERIMENTAL SET UP AND
PROCEDURE

The engine used for conducting experiments was a Kirloskar
make, air cooled, single cylinder, four stroke diesel engine
used for agriculture/generator set applications. The engine
was coupled with a swinging field dynamometer for
motoring the engine as well applying the load through
electric rheostat system. Fuel consumption rate was
measured using a burette and measuring the time taken to
consume 10cc of fuel. The air flow rate was measured by an
air box fitted with sharp edge orifice meter connected to U-
tube manometer which gives reading in meters of water
column and which is converted to meters of air column. The
water inlet & outlet temperatures, exhaust gas inlet & outlet
temperatures were recorded using thermocouples through
digital indicators of date acquisition panel of the engine. The
pollutants - CO, CO, were noted in percentage volume,
where as NO, and HC were noted in ppm volume by five
gas analyzer (AVL DI GAS 444). Smoke emission was
measured in percentage of smoke opacity by Smoke Meter
(AVL 415). The angle encoder (AVL 365 C) was mounted
at the shaft between engine and dynamometer to record the
position of crank during its rotation with respect to top dead
centre. The pressure transducer was incorporated in cylinder
head to record the variation of pressure for every degree of
crank rotation. Plot of pressure variation and the heat release
rate with crank angle, pressure variation with cylinder
volume, cumulative heat release rate were recorded through
data acquisition system interfaced with Software (AVL
INDICOM V 2.5). The engine set up is shown in Fig.2 and
its specifications are given in table 2.

Initially experiments were conducted from 0 to 100% load,
applying load in steps of 25% of rated load (0, 25%, 50%,
75%, and 100%) with petro-diesel in order to get baseline
data. Then engine was made to run with rubber seed
biodiesel and its blends (10%, 20% and 30% by volume) by
applying the loads as mentioned above. The water flow rate
was adjusted to ensure effective cooling of the engine
components. The voltage and current readings were noted
by applying electric loading to the engine by switching on
rheostat. Performance parameters such as BP, BTE, BSFC
etc. were computed for biodiesel and its blends and results
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were compared with petro-diesel. Pollutants (CO, CO2,
NO, and HC) were noted using gas analyzer and smoke
opacity (in percentage) was measured using smoke meter
and values are compared with petro-diesel. From the data
acquisition system cylinder pressure rise and heat release
rate with reference to crank angle position was extracted and
plots were drawn. The exhaust emissions and combustion
characteristics were compared with that of petro-diesel
results

Air Intake

S —
I —
-

T

‘ ‘ 0 Dn

[ Exhaust Gas

1. Test Engine 2. Swinging field dynamometer 3. Pressure sensor 4. Diesel tank 3. Biodiesel tank
6.Biodiesel-diesel blends fank 7. Burette 8. Data acquistion system 9. Dynamometer controller

10. AVL DI Gas analyzer 12. AVL Smoke meter
Fig. 2 Test engine setup

Table 2. Test engine specifications
Make:- Kirloskar Qil engine, Single cylinder, four stroke
(TAF1)

Rated power 4.4 kKW (6 HP)
Rated speed 1500 rpm

Bore x Stroke 87.5 mm x 110 mm
Compression ratio 17.5:1

Cubic capacity 0.662 Itr

Injection timing 23° bTDC

Nozzle opening pressure 200 bar

Piston bowl Hemi spherical

Dynamometer specification

Swinging Field dynamometer (Make-power stars)
KVA-5, PH-1, V-240 Volts, I-21 Amps, RPM-1500

4. RESULTS AND DISCUSSIONS

4.1 Brake Thermal Efficiency: - The plot of variation of
BTE with power output (Brake Power) is shown in Fig.5 for
petro-diesel, biodiesel and its blends. BTE is an indication
of conversion of chemical energy of fuel due to combustion
in to useful mechanical energy output. The brake thermal
efficiency of D, RSBD10, RSBD20, RSBD30 and
RSBD100 is 27.88%, 29.245%, 27.47%, 27.854% &

26.54% respectively at 3.3 kW of power output. Percentage
increase in BTE for RSBD10 is approximately 5% as
compared to petro-diesel. The BTE of rubber seed biodiesel
and other blends is a little lower than diesel at all output
powers. As the concentration of biodiesel in the blend
increases, viscosity and density of the blend increases and
this results in poor atomization, poor mixing and incomplete
combustion, thereby decreasing BTE. The increase in BTE
of RSBD10 may be because of improved combustion of the
mix compared to petro-diesel owing to the presence of small
percentage of oxygen molecule in the biodiesel and
approximately the same chemical properties as that of petro-
diesel due to lower concentration of biodiesel in the blend.

35
30 |
25 |
® 20 |
.|._L ——D —=—RSBD10
@ 15 RSBD20  ——RSBD30
10 —— RSBD100
5
0 e
0 1 2 3 4 5
BP- kW

Fig 5. Variation of BTE with brake power

4.2 Brake Specific Fuel Consumption: - The plot of
variation of BSFC with brake power is shown in Fig.6 for
petro-diesel, biodiesel and its blends. BSFC indicates one kg
of fuel burnt to produce one kW of power in one hour As
heating value of rubber seed biodiesel is approximately 18%
less than the pure diesel, BSFC of rubber seed biodiesel and
its blends (except RSBD10) is more for all output powers as
compared to petro-diesel. The reason for increase in brake
specific fuel consumption is higher viscosity, higher density
and lower heating value of biodiesel compared to petro-
diesel. Because of lower hating value, more fuel quantity is
to be supplied in to the combustion chamber in a given
interval of time to produce the required brake power for an
applied load, hence BSFC increases. For RSBD10, decrease
in BSFC may be the presence of oxygen in ester form in the
biodiesel and lower percentage of biodiesel (only 10%) in
the blend, resulting in similar pattern of droplet sizes and
cone angle of injection as that of diesel ensures complete
combustion. The values of SFC at 3.3 kW of power output
for D, RSBD10, RSBD20, RSBD30 and RSBD100 are
0.3109, 0.2973, 0.3184, 0.3195 and 0.3372 kg/kW-h
respectively. Percentage decrease in BSFC for RSBD10 is
4.37% and percentage increase in BSFC is 2.4%, 2.78% and
8.45% for RSBD20, RSBD30 and RSBD100 respectively
compared to petro-diesel.
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Fig 6. Variation of BSFC with brake power

3 Carbon Monoxide (CO) Emission: - The plot of
variation of CO emissions with brake power is shown in
Fig.7 for petro-diesel, rubber seed biodiesel and its blends.
The Formation of CO indicates partial/incomplete
combustion of fuel. The trend of CO emission is similar for
all the fuels tested. Among the fuels tested CO emissions are
higher for petro-diesel at all power outputs compared to
rubber seed biodiesel and blends. As the percentage of
biodiesel in the blend increases the CO emission decreases
and it is lowest for rubber seed biodiesel. Reduction of CO
emission is a sign of better burning of the fuel. As biodiesel
is an oxygenated fuel, this helps in better combustion and
results in less CO formation. At an instance percentage
decrease in CO emission for RSBD10, RSBD20, RSBD30
and RSBD100 are 22%, 33%, 44% and 66% respectively at
full load (4.2 kW) compared to petro-diesel.
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Fig.7 Variation of CO with brake power

4.4 Hydro Carbon (HC) Emission: - The plot of HC
emissions variation with brake power is shown in Fig.8 for
petro-diesel, rubber seed biodiesel and its blends. As
observed from plot, emission of HC increases with increase
in power output for all the fuels tested. As the blend
percentage increases, HC emission decreases. HC emissions
are lower for pure rubber seed biodiesel and its blend as
compared to petro-diesel. In spite of higher viscosity of pure
biodiesel it burns effectively and completely (from no load
to full load) due to the presence of oxygen molecule and
having lower carbon percent compared to petro-diesel,
thereby reducing HC emissions. The percentage decrease in
HC emissions for RSBD10, RSBD20, RSBD30 and

RSBD100 are 17.24%, 37.93%, 48.27% and 58.62%
respectively compared to diesel at 3.3 kW of power output.
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Fig 8. variation of HC emission with brake power

4.5 Carbon Dioxide (CO2) Emission: - The plot of CO,
variation with power output is shown in Fig.9 for petro-
diesel, rubber seed biodiesel and its blends. The CO,
emission increases as brake power increases for all the fuels
tested.
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Fig 9. Variation of CO, with brake power

The CO, emission is more for biodiesel and its blends as
compared to petro-diesel at all power outputs. It clearly
indicates that biodiesel and its blends undergo complete
combustion. The percentage increase in CO, emission for
RSBD10, RSBD20, RSBD30 and RSBD100 are 30.3%,
33.3%, 36.6% and 45.45% respectively compared to diesel
at 3.3 kW of power output. Even CO, emission increases
with biodiesel; this will be balanced as the plants absorb the
same and reduce global warming.

4.6 Smoke Opacity: - The plot of variation of percentage of
smoke opacity with power output is shown in Fig.10 for
petro-diesel, rubber seed biodiesel and its blends. Higher
percentage of smoke opacity indicates more HC emissions,
due to incomplete combustion of the fuel. Smoke opacity of
all the fuels tested increases by increase in brake power.
Smoke opacity is lower for rubber seed biodiesel and blends
compared to petro-diesel at all power outputs due to better
combustion. Percentage decrease in smoke opacity for
RSBD10, RSBD20, RSBD30 and RSBD100 are 20.72%,
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40%, 43.86% and 50% respectively compared to diesel at
3.3 kW of power output.
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Fig 10. Variation of percentage of smoke opacity with brake
power

4.7 Oxides of Nitrogen (NOx):- The plot of variation of
NOy emission with power output is shown in Fig.11 for
petro-diesel, rubber seed biodiesel and its blends. The NOy
emission increases for all the fuels tested as the brake power
increases. The percentage increase in NOy is high for rubber
seed biodiesel and blends compared to petro-diesel. The
higher NOx emission from rubber seed biodiesel and its
blends is due to the presence of small amount of oxygen in
the biodiesel which effectively takes part into burning
resulting combustion to happen nearest to stiochiometric
condition, which increases temperature of exhaust gases and
gives room for NO, formation. The percentage increase in
NOy for RSBD10, RSBD20, RSBD30 and RSBD100 are
5.47%, 8.71%, 20.78 and 25% respectively at 3.3 kW of
power output compared to diesel.
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Fig. 11 the variation of NOy with brake power

4.8 Exhaust Gas Temperature (EGT):- The plot of
variation of EGT with power output is shown in Fig.12 for
petro-diesel, rubber seed biodiesel and its blends.
Temperature of exhaust gases increases for all the fuels
tested as power output increases. EGT is higher for rubber
seed bio diesel and its blends due to complete combustion.
Increase in EGT is more for pure biodiesel of rubber seed at
all power outputs and which is indicated by more NOy
emission. The percentage increase in EGT for RSBD10,
RSBD20, RSBD30 and RSBD100 are 1.67%, 4.28%, 10%

and 20% respectively compared to diesel at 3.3 kW of
power output.
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Fig 12. Variation of EGT with brake power

4.8 Cylinder pressure:- The plot cylinder pressure
variation with Crank Angle (CA) measured in degrees is
shown in Fig. 13 for petro-diesel, rubber seed biodiesel and
its blends at 3.3 kW of power output. The pressure increases
from 0% to 100% load for all the fuels tested and cylinder
peak pressure is at about 6-10° of CA after top dead centre.
The trend of peak pressure rise for rubber seed biodiesel and
blends is similar to petro-diesel. This is an indication of
similar combustion characteristics of rubber seed biodiesel
and blends as compared to petro-diesel.
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Fig.13 Variation of cylinder pressure with crank angle
measured in degrees

4.9 Heat release rate:- The plot of heat release rate
variation with crank angle measured in degrees is shown in
Fig. 14 for petro-diesel, rubber seed biodiesel and its blends
at 3.3 kW of power output As observed from the graph heat
release rate is higher for petro-diesel and RSBD10
compared to rubber seed biodiesel and other blends
(RSBD20, RSBD30). The peak heat release rate is nearer to
top dead centre for diesel, where as it is before top dead
centre for rubber seed biodiesel and its blends. The delay
period is reduced during preparation (physical delay +
chemical delay) stage for rubber seed biodiesel and its
blends
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Fig. 14 Variation of heat release rate with crank angle in
degrees

CONCLUSIONS

In the present investigation experiments were conducted on
a Kirloskar make, air cooled diesel engine using Petro-
diesel, rubber seed biodiesel and its blend at differ load
conditions (power outputs) at an nozzle opening pressure
of 180 bar and fuel injection timing of 23° of crank angle
before top dead centre. The effect of performance
parameters, exhaust emissions and  combustion
characteristics were discussed for rubber seed biodiesel and
its blends and were compared with petro-diesel. The
conclusions are drawn as below.

1. The brake thermal efficiency of RSBD10 was improved
by 5% at 3.3 kW of power output as compared to petro-
diesel. For rubber seed biodiesel and its blends, brake
thermal efficiency was slightly reduced at all power
outputs compared petro-diesel.

2. Brake specific fuel consumption was high for rubber
seed biodiesel and its blends (except for RSBD10) as
compared to diesel for all power outputs. The percentage
decrease in BSFC for RSBD10 is 4.37% as compared to
diesel at 3.7 kW of power output. The same was
reflected by increased BTE of RSBD10 compared to
petro-diesel. Because of higher cetane number as
compared to petro-diesel and hence an early heat release
occurs. The after burning trend is similar for all the fuels
tested.

3. Exhaust emissions (CO, HC and smoke opacity) were
significantly improved for rubber seed biodiesel and its
blends at all power outputs compared to petro-diesel.

4. Exhaust Gas Temperature were higher for rubber seed
biodiesel and its blends at all power outputs as compared
to petro-diesel.

5. NOy emissions were higher for rubber seed biodiesel
and its blends compared to petro-diesel.

6. The combustion characteristics (cylinder pressure rise
and heat release rate) of rubber seed biodiesel and its
blends were similar to that of petro-diesel.

7. Rubber seed biodiesel and its blends can be successfully
used in a conventional diesel engine without any
hardware modifications of the basic engine with an
appropriate technique of controlling exhaust NOx
emissions.

As the energy demand is increasing in a day to day life and

at the same time the government is imposing stringent

emission norms to control air pollution, the rubber seed

biodiesel could be one of the potential substitutes for a

conventional diesel in future years.
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