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ABSTRACT: The world faces the energy demand, increased petroleum rates and decrease of fossil fuel resources.
Biodiesel has extracted from vegetable oils that have been considered as an alternate fuel. The researches regarding
blend of diesel and single biodiesel have been carried out already. A few works have been attempted with the
combination of two different biodiesel blends with diesel and left with a lot of scope in this thrust area.

The present study takes out an experiment of two biodiesels from PONGAMIA PINNATA oil and NEEM OIL. They
are blended with diesel at various mixing ratios. The effects of two biodiesel works in engine were checked in a single
cylinder, direct injection for pongamiapinnata oil and Neem oil, air cooled and high speed diesel engine at various
engine loads with constant engine speed of 2500 rpm. The influences of blends on CO, CO,, HC, NOx and smoke
opacity were investigated by emission tests. The brake thermal efficiency of blend was found higher than diesel.

The emissions of smoke, hydro carbon and nitrogen oxides of two biodiesel blends were higher than that of diesel. But
the exhaust gas temperature for dual biodiesel blends was lower than diesel.
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1. INTRODUCTION

Bio fuel is a type of fuel whose energy is fuels derived from biological carbon fixation. It is obtained directly
from naturally. Decrease of fossil fuel resources and environmental degradation so now we have Interest in the search
for alternative fuels for internal Combustion engine. As one of most believable in renewable energy, biodiesel has been
widely studied in present years for Cl engines. Biodiesel is biodegradable, non-toxic and can be substituted for diesel
fuel with little or no engine modification. Biodiesel is had very good some properties better than diesel fuel in terms Of
very less sulfur content and it is also having high flash and fire point temperatures than in diesel fuel. The application
of biodiesel as a supplement fuel in compression ignition engine can decrease reliance on petroleum product, reduce
hazardous pollution and strengthen agricultural economy. In this research study, the effect of a two biodiesels from
pongamiapinnata oil and neem oil Biodiesel on performance of engine was investigated in a DI diesel engine.

Nomenclature

PD —petroleum diesel

PPBD -pongamiapinnatabio diesel
PPO - pongamiapinnata oil

NBD - neem bio diesel

NO - neem oil

SFC - specific fuel consumption
BSEC - brake specific energy consumption
TFC - total fuel consumption

HC - hydro carbon

NOx- nitrogen oxides

CO - carbon monoxide

CO2 - carbon dioxide

PO -pongamia pinnata oil
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1. MATERIALS AND METHODS

The two biodiesels are prepared by the transesterification process.
The dual biodieselBlends were prepared in different proportions as:
Blend A

PD 90%, PPBD 5% and NBD 5% by volume basis;

Blend B

PD 80%, PPBD 10% and NBD 10% by volume basis;

Blend C

PD 60%, PPBD 20% and NBD 20% by volume basis;

Blend D

PD 40%, PPBD 30% and NBD 30% by volume basis;

Blend E

PD 20%, PPBD40% and NBD 40% by volume basis and

Blend F

PD 0%, PPBD 50% and NBD 50% by volume basis

The various fuel properties specific gravity, viscosity, calorific value, flash point and fire point temperatures of raw
oils and dual biodiesel blends were determined by using method of ASTM and compared with petroleum diesel
properties. The experiments were conducted on a four stroke single cylinder air cooled diesel engine with electrical
dynamo meter loading and the performance characteristics were compared with data of petroleum diesel fuel. Tests
were conducted at a constant speed and at differentloads for all dual biodiesel blends. Engine speed was maintained at
2500 rpm (rated speed) during all experiments. Three experiments for each load were carried out for accuracy. Fuel
consumption and exhaust gas temperatures were also measured.

The smoke opacity of the exhaust gases was measured by the AVL make smoke meter. The exhaust emissions
weremeasured by the five gas Analyser. The experimental set up is shown in Fig. 1 and the detailed engine
specifications are also given in Table 1.

Table 1. (Engine specification)

Sr. Items Specifications
— no.
Vot 1] ] | | Ammen 1 Model KIRLOSKAR,
- lf.uel_ta:ui AV1
A m;lﬁ: 2 Compression 19:1
‘ Ly ratio
Mot 4 Type, no. of 4 stroke, 1
=) —‘ - __HI Exehaust Manifold Exhaust gis Cylinders Cylinder
= | 5 Bore x 87.5x110
N —i stroke(mm)
Ef:{t::t;l o — oo || Exbustas 6 Cubic capacity | 624
L7 et wiyx 7 Maximum 5 Hp
. ] (D ) power
[7. \/ [ J¢C ) 8 Nominal speed | 2500 rpm
| 9 Cooling system | Air cooled

Fig. 1(Test Engine setup)
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11. RESULTS AND DISCUSSION

Different physical and thermal properties of dual biodiesels ofpongamia pinnata and neem oil its blends were
evaluated. The performance of the engine was evaluated using several parameters such as thermal efficiency, specific
fuel consumption and exhaust gas temperature

3.1. Calorific value of fuels

The digital bomb calorimeter is used to find out the calorific value of fuels. ASTM D420 procedure is
followed to analysethe calorific value of different test fuels. fig 2 shows the calorific value of different fuels. The raw
vegetable oil has lower calorific value than diesel. After transesterification process, the biodiesels have lightly higher
calorific value than raw oil. The pongamia pinnata ethyl ester has higher calorific value than neem oil ethyl ester. By
blending the dual biodiesels
With diesel, the calorific values of Blend A and Blend B areclose to diesel. The calorific values of Blend C, Blend D,
Blend E and Blend F all are Got calorific values lower than the blends A and B.

50
Diesel I dual biodiesel with diesel
EZ2 Dual
40 1
=11}
=
= 30
5
=
=
-
= 20+
=
10
0

T T T T T T f
Diesel Blend A Blend B Blend CBlend D Blend E Blend F

Figure 2(Calorific value for various blends)

3.2. Specific gravity of fuels

Specific gravity of different dual blends is measured using aPrecision hydrometer.the specific gravity value
show in table 2
Specific gravity of diesel 0.814.

Table 2. (Specific gravity of fuels)
Blends pongamia pinnata biodiesel
with diesel | +neem biodiesel

A 0.816
B 0.828
C 0.839

The other blends Specific gravity values have more deviation than diesel Specific gravity value.

3.3. Viscosity of fuels mm /sec
Redwood viscometer is used for determining thekinematic viscosity.
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The viscosity ofthe raw pongamia pinnata oil and neem oil is very highcompared to diesel. However, the high
viscosities of raw oilsare reduced by the transesterification process. Viscosity of dualbiodiesel blends Blend A Blend B
and blend C is nearer to diesel. Viscosity of blends value show in table 3

The viscosity of diesel is 4

2
Table 3.( Viscosity of fuels mm /sec)

Blends with diesel | Pongamia pinnata biodiesel
+neem biodiesel

A 4.2
B 4.4
C 4.5

V. PERFORMANCE ANALYSIS

4.1 Variation of brake power on specific fuel consumption

The effect of brake power on specific fuel consumption is shown in Fig. 3. As brake power increases the SFC
reduces for all the dual biodiesel blends. For the maximum load, the value of SFC of Blend A is 0.31kg/kW h, Blend B
is 0.34 kg/kwW h, Blend C is 0.36 kg/kW h whereas diesel fuels have 0.30 kg/kwW h. The higher SFC for the dual
biodiesel fuel consumption is due to the lowercalorific value of the blends.

0.75
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—&—Blend B
—¥—Blend C
—4—Blend D
—»—Blend E
—4—Blend F
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0.40 4

0.35

Specific Fuel Consumption, kg/kWh
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T — T T T
1.0 1.2 1.4 L6 1.8 2.0 2.2 24 2.6 2.8
Brake Power, kW

Figure 3 Variation of brake power on specific fuel consumption

4.2 Effect of brake power on brake specific energy consumption

Brake specific energy consumption (BSEC) was used for comparing engine performance of fuels with
different calorificvalues. Fig. 4 signifies the brake specific energy consumption for dual biodiesel, its blends and diesel.
It shows that the BSECis the highest for all dual biodiesel blends compared with mineral diesel. BSEC is an ideal
variable because it is dependent on calorific value of the fuel. The high specific energy consumptionis due to the lower
energy content of the ester

—=— Diesel

—®— Blend A
—&— Blend B
—w— Blend C
7 —<4—BlendD
—»—Blend E

351 —e—Blend F

30+

Brake Specific Energy Consumption, MJ/kWh
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0.0 04 0.8 12 16 2.0 24 2.8

Brake Power, kW

Figure 4 Effect of brake power on brake specific energyconsumption
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4.3 Effect of brake power on mechanical efficiency

Hence the brake specific energy consumption of the dual biodieselblends increases as compared to that of
diesel. The effect of brake power on mechanical efficiency is shownin Fig. 5. Indicated power and engine friction are
essential forcalculating the mechanical efficiency of the engine. Efficiency ismeasured as a ratio of the measured
performance to the performanceof an ideal machine. Mechanical efficiency measuresthe effectiveness of a machine in
transforming the energy andpower that is given as an input to the device into an outputforce and movement. Hence,
mechanical efficiency indicateshow good an engine is, in converting the indicated power touseful power. Blend A gives
the maximum mechanical efficiencyof 79.3% for the maximum brake power, whereas the diesel gives 78.2% at the
same brake power. For the other blends, mechanical efficiency is lower than diesel.

—— Diesel
—8—Blend A
—&—Blend B
—¥—Blend C
—4—Blend D
—»—Blend E
—4—Blend F

Mechanical Efficiency, %

asz
3 — T T

—T— T T T
1.0 12 14 16 1.8 20 22 24 26 28

Brake Power, kW
Figure 5 Effect of brake power on mechanical efficiency

4.4 Variation of brake power on exhaust gas temperature

The variations of brake power on exhaust gas temperaturesare shown in Fig. 6. Exhaust temperature increases
with theincrease in brake power in all cases. Exhaust gas temperatureis an indicative of the quality of combustion in the
combustionchamber. The increase in exhaust gas temperature with engineload is clear from the simple fact that, more
amount of fuel isrequired by the engine to produce the extra power which is alsoneeded to take up the additional
loading. At the same time, allthe blends are having less exhaust temperature than the dieselvalues for any brake power

due to its lower heating value andthe improved oxygen content provided by the dual bio dieselwhich increases better
combustion

360
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1 —a&—Blend B
3007 —¥—Blend C
280 o —4—Blend D
—»—Blend E

260
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240
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Exhaust Temperature, * C
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Figure 6 Variation of brake power on exhaust gas temperature.
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4.5Effect of brake power on exhaust smoke.

Hence, the dual biodiesel blends are better than dieselwhile considering the exhaust temperature effect.lt is
observed from Fig. 7, that the smoke percentageincreases with the increase in the brake power. For the maximumload,
the smoke for diesel was 60%, whereas the BlendA gives 64% and Blend B gives 68% with the same maximumload.
Blend A has a closer smoke value with diesel. In otherblends, the smoke percentage was more than the diesel withthe
same brake power. The higher density and viscosity maybe the reason for more smoke emissions as compared to
neatdiesel. The high viscosity of pure biodiesel deteriorates the fuel atomization and increases exhaust smoke.

80 —m— Diesel

—@— Blend A
70 A —&— Blend B
1 —w—Blend C
&0 - —4— Blend D
i —»—Blend E
—4%—Blend F

Smoke, %

T T T T T T T
0.0 0.4 0.8 1.2 1.6 20 24 2.8

Brake Power, kW

Figure 7 Effect of brake power on exhaust smoke.

4.6Variation of brake power on carbon monoxide emission.
The variations of brake power on Carbon monoxide areshown in Fig. 8. Carbon monoxide’s (CO) content is
alsoincreasing with BP

0224  —®—Diesel
—8—Blend A
0209 _& BlendB
E 0.18 —¥—Blend C
= —4—Blend D
% U107 ——BlendE
T g4 —@—BlendF
E 0124
p=
E 010
2
2 008+
£
0.06 //
0.04 1
002
T T T T T T T

0.0 0.4 08 1.2 1.6 2.0 24 28
Brake Power, kW

Figure 8 Variation of brake power on carbon monoxideemission.
4.7Variation of brake power on carbon dioxide emission
Blend A and Blend B give lower CO thandiesel. The same trend is shown in Fig. 9 for carbon dioxide(CO2)
emission. Blend A and Blend B give lower CO andCO2 than diesel at maximum load. This is due to the

oxygencontents in the biodiesel which makes easy burning at highertemperature in the cylinder. The other blends are
deviatedfrom diesel. This is due to the high viscosity; the air-fuel mixingprocess is affected by the difficulty in
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atomization andvaporization of dual biodiesels. In engine load is higher, richerfuel-air mixture is burned and thus more
CO and CO2 areproduced.

6.0
5.5 4
50
451

4.0+

Carbon dioxide, % Vol

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
Brake Power, kW

Figure 9 Variation of brake power on carbon dioxide emission

4.8 Effect of brake power on nitrogen oxide emission.

The effect of brake power on nitrogen oxides is shown inFig. 10. The nitrogen oxides (NOX) increased by
increasingthe load for each blend. For the maximum load, Blend A gives 166 ppm whereas diesel gives 150 ppm,
Blend B gives 180 ppm,Blend C gives 190 ppm at the same maximum load. From theresults, NOx emission is higher
for dual biodiesel blends thandiesel. However, Blend A gives lesser NOx than other dual biodieselblends. The
vegetable oil based biodiesel contains asmall amount of nitrogen. This contributes toward NOx production.All the
blends give higher NOx than diesel. The higheraverage gas temperature, the presence of fuel oxygen and residence time
at higher load conditions with the blend combustion caused higher NOx emissions.
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Figure 10 Effect of brake power on nitrogen oxide emission.

4.9 Effect of brake power on hydro carbon emission.

Fig. 11 shows that, the relation between brake power andhydro carbon (HC) increased by increasing the load
for eachblend. All the Blends give higher HC than diesel. From theresults, Blend A gives lesser HC than other blends.
The dualbiodiesels and blends generally exhibit lower HC emission atlower engine loads and higher HC emission at
higher engineloads. This is because of the relatively less oxygen availablefor the reaction when more fuel is injected
into the engine cylinderat high engine load. The lower calorific value and thehigher viscosity of biodiesel oil result in
the highest HCemissions.
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Figure 11 Effect of brake power on hydro carbon emission.
V. CONCLUSION

This study shows that performance of two bio diesels pongamia pinnata and neem blended with various diesel

ratios .Where reducing the dependence on fossil fuels. the thermal efficiency and mechanical efficiency of Blend A
were slightly higher than the diesel. Blend B and Blend C were very closer to the diesel values.biodiesel blends of
Blend A, Blend B and Blend C would be used as an alternative fuel for diesel in the diesel engines.
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