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Abstract

Nonrenewable fossil fuels show increased demand and with fossil fuels at a rapid depleting stage, there seems to be an increase in
requirement for alternative fuels too. Biofuels and blended fossil fuels are one of a kind. Nonedible jatropha (Jatropha curcas)
oil-based methyl ester was produced and mixed with ethanol and blended with conventional diesel in various compositions.
Jatropha biodiesel is used because of its great blending capacity with diesel. Sodium hydroxide is used as a catalyst which allows
miscibility between ethanol and diesel. In present epoch, the paucity of fossil fuels and its adverse impact have driven researchers
to focus on alternative fuels. Biodiesel is one of the most favorable and promising alternatives in the application of automobiles,
boilers, gas turbines, etc. This study targets at finding the engine performance and emission characteristics under various load
conditions on Kirloskar single-cylinder VCR research engine by blending both jatropha biodiesel and ethanol with base diesel at
various compositions. Both jatropha biodiesel and ethanol have high calorific value which is a most important factor for engine
power production. The performance analysis showed that the biodiesel blend of 98% diesel with 1.5% jatropha biodiesel and

0.5% (D98J1.5E0.5) of ethanol had a significant improvement in the engine performance than the conventional diesel.
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Introduction

Presently, the major source of air pollution is due to the ex-
haust emission from the diesel engines. Automobiles general-
ly use gasoline as fuel in the internal engine, but technological
advances have led to the design of cars that run on electricity
and even water.

Kathirvelu et al. (2017) investigated the performance of an
engine with the biodiesel obtained from jatropha seeds and
fish waste. The results showed that the brake thermal efficien-
cy (BTE) was slightly lower than the diesel whereas the effi-
ciency of the engine was found to be higher for jatropha oil
methyl ester than fish oil methyl ester. HC (hydrocarbon), CO
(carbon monoxide), and soot emissions were found to be low-
er than the diesel whereas NO, (oxides of nitrogen) and
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exhaust gas temperature were found to be higher than the
diesel. Also, jatropha oil methyl esters seem better than fish
oil methyl esters. Comparative studies were carried out for
oxidation and storage stability of mahua biodiesel with that
of jatropha biodiesel and mineral diesel by Acharya et al.
(2017). The biodiesel blended with various blending ratios
from 10 to 90% (B10 to B90) were prepared for the experi-
mental purpose. The experimental results showed that the ox-
idation stability seemed to be satisfied with 20% of jatropha
biodiesel and 30% blending of mahua biodiesel but showed
steady increase with equal percentage blending of the
biodiesels. An experimental investigation by Madiwale et al.
(2018) with jatropha, soyabean, palm, and cottonseed biodie-
sel of the different blending ratios are performed to enhance
the performance of the engine and to reduce harmful exhaust
emissions. They have used ethanol as an additive in the blends
at a constant ratio of 5%, and the experiment was carried out
on the single-cylinder four-stroke VCR electric start diesel
engine. The investigation results showed a significant im-
provement in brake power and brake-specific fuel consump-
tion with the addition of ethanol as an additive for jatropha,
soyabean, palm, and cottonseed biodiesel. Among all fossil
fuels, diesel in particular has played a critical role in all major
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sectors such as transportation, power, industry, marine, and
agriculture owing to fuel economy, reliability, and rigidity.
But they emit hazardous emissions like NO,, HC, PM, and
smoke which causes several global hazards. Jatropha curcas
is a plant that belongs to the Euphorbiaceae family (Sadhik
Basha and Anand 2014). Within this genus, there are more
than 170 species distributed around the world, especially in
tropical regions. This plant comes from Central America
(Mexico), and it is possible to obtain an oil yield higher than
1500 kg per hectare. This oil is adequate to be used as a raw
material in the biodiesel production. Jatropha curcas is
gaining more attention as a feedstock for biodiesel production
due to its incompetence with food crops (Silitonga et al.
2017). Furthermore, adverse climatic conditions such as high
temperature, low moisture content, and soil fertility do not
affect its productivity (Balat 2010; Ong et al. 2013; Yusuf
etal. 2011). Alternative fuels should be eco-friendly, be easily
available at a low cost, and fulfill the basic requirements with-
out sacrificing engine operational performance (Deepak and
Avinash 2007).

An experimental investigation by Forson et al. (2004) on
the performance and emission with preheated jatropha biodie-
sel, untreated jatropha biodisel and its blends at different load
conditions in a constant speed of 1500 rpm engine was per-
formed, and the results prove jatropha biodiesel as a promising
alternative fuel for compression ignition engines. Thermal ef-
ficiency was lower for unheated jatropha biodiesel compared
to heated jatropha biodiesel and base diesel. The blend of
97.4% of pure diesel and 2.6% of jatropha biodiesel yielded
a better engine performance. Also, Bhupendra Singh Chauhan
et al. (2010, 2012) investigated that the engine performance
with unheated jatropha biodiesel is slightly inferior to the per-
formance with diesel fuel and concluded that the biodiesel
derived from jatropha biodiesel will be the best substitute for
diesel fuel in CI engine without any modifications. A study on
the effects of engine design parameter followed by perfor-
mance and emission characteristics of a diesel engine fuelled
with jatropha methyl ester was conducted by Jindal et al.
(2010). The experiment was conducted with various compres-
sion ratios along with injecting pressure. The results showed
an increase in compression ratio and injection pressure that
increases the brake thermal efficiency with a reduction in
brake-specific fuel consumption with lower emissions. The
use of biodiesel blends is limited due to its poor oxidative
stability (Dinkov et al. 2009; Karthikeyan et al. 2018;
Yuvarajan et al. 2017; Thangaraja et al. 2012). Tan et al.
(2012) investigated exhaust emission at various blending of
jatropha methyl ester with diesel from 5 to 100 volume per-
centages. They observed that with less effect on NO, emis-
sion, CO emission is found to be increased with biodiesel at
low engine loads and HC emission was reduced with increas-
ing biodiesel fuels. Torres-Jimenez et al. (2011) made a study
on the physical and chemical properties of ethanol—diesel fuel
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blends. The study reported that using additives to avoid phase
separation and to raise the flash point, blends of diesel fuel
with ethanol up to 15% can be used to fuel diesel engines.

In previous research (Dhandapani et al. 2012), both
jatropha and ethanol have injected through intake port at con-
stant rate for the evaluation of effect of fuel viscosity and
combustion duration, and also blended with diesel with con-
stant proportion for performance and emission characteristics.
The present work aimed to investigates the effect of the engine
performance and emission characteristics for different blend-
ing ratios of the Jatropha biodiesel, ethanol and diesel.

Materials and methods
Preparation of biodiesel

Jatropha biodiesel was prepared using commercial jatropha oil
by transesterification process. In this process, potassium hy-
droxide is used as a catalyst and methanol as alcohol (Kishore
Pandian et al. 2017; Radhakrishnan et al. 2018). Preheating of
raw oil was performed to 70 °C followed by mixing to a
solution containing catalyst and alcohol. The obtained mixture
is heated again for 5 °C till the complete vaporization of meth-
anol so that glycerol and ester were separated.

To perform the engine test, the prepared biodiesel was
mixed with diesel and ethanol at different blending ratios
namely, the first blend comprises of 90% diesel, 7.5% jatropha
biodiesel, and 2.5% ethanol (D 90J7.5E1.25), where ethanol
acts as a catalyst. The second blend comprises of 95% diesel
with 3.75% jatropha biodisel and 1.25% (D95J3.75E1.25),
and the third blend comprises of 98% diesel with 1.5%
jatropha biodisel and 0.5% ethanol (D98J1.5E0.5). The phys-
ical and chemical properties of the prepared biodiesel blends
are tested as per the ASTM standards and listed in Table 1.

Experimental setup

The experiments were performed on a water-cooled, single-
cylinder, four-stroke, variable compression ratio (VCR) and
electric start direct-injection diesel engine. The schematic lay-
out and the photographic view of experimental setup are
shown in Figs. 1 and 2, respectively. Table 2 shows the test
engine specifications. The test engine is coupled to an eddy
current type dynamometer for load variations. The AVL Digas
444 five-gas analyzer was employed for the measurement of
CO, CO,, NO,, and HC emissions at different load conditions.
Diesel engine output shaft is connected with the eddy current
dynamometer, which is used to measure the power and torque.
The load cell is connected to the dynamometer for varying the
load on the engine (0—100%).
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Table 1 Properties of fuel

Properties Diesel Jatropha oil  Ethanol D90J7.5E2.5 D95J3.75E1.25 DO98J1.5E0.5 Method
Calorific value (MJ/kg) 42.5 38.2 27 38.5 39 40 ASTM D240
Density (kg/m*) 810 932 789 825 819 815 ASTM D4052
Flash point (°C) 48 240 15 72 65 64 ASTM D93
Cetane Index 46 38 8 492 47.54 44.63 ASTM D976
Kinematic Viscosity at 40 °C (m*s) 2.5x10° 42x107° 12x10° 217x10°  211x10° 245x10°  ASTM D445
C (% wt) 85.2 - - 77.4 76.4 75.8 ASTM D5291
H (% wt) 12.7 - - 115 12.01 118 ASTM D5291
0 (% wt) 2.7 - - 11.8 12.35 13.48 ASTM D5291

Uncertainty analysis

Every work includes some amount of uncertainty. These uncer-
tainties mainly result of calibration, sensors, observations, test
procedure, and environmental condition. In view of uncertainties,
the preferred test results can be examined of any work. If a quan-
tity to be measured “R” has a function of many self-regulating
variables like x;, x», X3, ...X,,, then R =R (x1, X2, X3, ...X;,).

Let the measured quantity uncertainty be expressed as
Wrand the independent variables uncertainties are expressed
as Wl, Wz, W3, Wn

Subsequently, the uncertainty in the measured quantity is
given by Eq. (1):

R N\ [(oR _\* (R __\’
Wr = —Wi) +{=W2) +|-Ws) +
ox 1 6x2 6x3

where Wi = %R ; 0 R is the error in R. The root-mean-square

method is employed to examine the percentage of the uncer-
tainty of different parameters such as smoke, BTE, HC, brake-
specific fuel consumption (BSFC), CO, and NO, emissions.
The accuracy and uncertainty levels for the measured quantity
are presented in Table 3.

Intake Air__3
=g [ ]

Exhaust Gas < [0

6. Data aquisition system (DAS)
7. Dynamometer controller

8. Bosch gas analyser

9. AVL digas analyser

10. Smoke opacity meter

1. Test engine

2. Eddy current dynamometer
3. Air mass sensor

4. Pressure sensor

5. Accelerometer

Fig. 1 Schematic layout of test engine

Results and discussion

The performance and emission characteristics of an engine
fuelled with jatropha biodiesel—ethanol—diesel were evaluated
by finding the BTE, BSFC, NO, emission, CO, emission, CO
emission, and HC emission.

BTE

The ratio of brake power (BP) to the energy in the fuel burned
to produce this power is called brake thermal efficiency. It is
used to evaluate how far an engine utilizes the heat from fuel to
convert into energy. The variation of BTE with brake power for
different blends is shown in Fig. 3. At 0.937 kW, compared
with diesel, the brake thermal efficiency of the blends
D90J7.5E2.5 and D95J3.75E1.25 was increased by 2.13%
and 3.24%, respectively. Similar trend has been observed for
the brake power output 3.467 kW. It was noticed that the BTE
of biodiesel blends is higher than base diesel. This is due to
better atomization, better combustion, and shorter ignition

Fig. 2 Photographic view of test engine
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Table 2  Specifications of engine setup I D100
25 I D90J 7.5E2.5
Make Kirloskar = 89955;1 J31‘ .7555 01 '525
Stroke 4 _
Cylinder Single § 7
Rated power 35 kW E
Rated speed 1500 rpm &3 154
Bore diameter (D) 87.5 mm %
Stroke (L) 110 mm £ 10
Compression ratio 17.5:1 §
Injection Timing 17° BTDC g 5
Injection pressure 200 bar
Fuel pump plunger diameter 8 mm o
Number of injector nozzle 4 0.937 1.874 2.811 3.467
Diameter of injector nozzle 0.32 mm Brake power (kW)
Cooling Water-cooled Fig. 3 Brake thermal efficiency
Position Vertical

Data acquisition device NI USB-6210, 16-bit, 250 kS/s

delay characteristics of biodiesel and ethanol blends. In addi-
tion, the atomization and mixing of biodiesel and ethanol
blends with air is in uniform rate causing shorter breakup
length, higher dispersion rate, and increased efficiency. These
results are matched with the experimental results of Appavu
et al. (2018), Devarajan (2018), and Mahalingam et al. (2018).

BSFC

BSFC is used to measure the fuel consumption rate for unit
power output. The variations in the BSFC for the different
blends are shown in Fig. 4. It can be seen that the BSFC of
the blend D90J7.5E2.5 was decreased by 2.68% compared with
diesel at 0.937 kW. Similar trends have been observed for all
rated power outputs. It is also observed that the BSFC of the
D95J3.75E1.25 blend was increased by 3.69% at 0.937 kW. In
general, BSFC decreases with an increase in loads. Due to the
presence of ethanol in the biodiesel blends, the BSFC of the
high concentrated biodiesel blend was decreased with respect to
lower density and viscosity. The combined effects of relative
fuel density, viscosity, and blending proportions lead to these
fluctuations (Yuvarajan and Venkata Ramanan 2016).

NO, emission

Nitrogen oxide is a generalized term for NO and NO,
represented as NO,. The high temperature in the combus-
tion chamber and the surplus availability of oxygen are the
causes of formation for NO, emission (Sudalaimuthu et al.
2018; Balan et al. 2018). Engine test was conducted for
emissions using various blending properties of jatropha oil
and ethanol under various load conditions. Figure 5 shows
the NO, emission levels for the various loads. The baseline
data were generated using pure diesel. D90J7.5E2.5 shows
moderate decrease in NO, emission by 1.96%, 21.88%,
14.68%, and 15.56% for the power output 0.937, 1.874,
2.811, and 3.467 kW compared to base diesel, whereas
D95J3.75E1.25 shows a marginal increase of NO, emission
by 0.39%, 0.29%, and 0.556% at 0.937, 2.811, and
3.467 kW, respectively, compared with base diesel.
Generally, NO, emissions from biofuels are higher than that
of diesel. The possible reason is due to higher availability
of oxygen in methyl esters when compared to diesel. The
other possible reason is due to higher peak cylinder pres-
sure of methyl esters over diesel originating high NO,
emissions (Devarajan et al. 2018; Siva et al. 2018;
Ganesan et al. 2018).

Table 3 Accuracy and

uncertainties Parameters Range Accuracy Uncertainties (%)
CcO 0-15.0 vol.% 0.01 vol.% +0.5
HC 0-20,000 ppm vol. +1 ppm vol. +0.1
NO, 0-5000 ppm vol. + 1 ppm vol. +0.2
Smoke meter 0-100% +0.1% +1.2
Brake thermal efficiency - +0.4 +0.04
BSFC - +0.02 kg/kW h +1.1

@ Springer



Environ Sci Pollut Res (2019) 26:8633-8639

8637

I D100
0.6 I D90J 7.5E2.5
I D95J3.75E1.25
o [ D 98J1.5E0.5

Brake Specific Fuel Consumption (kg/kW-hr)

0.937 1.874 2811 3.467

Brake power (kW)

Fig. 4 Brake-specific fuel consumption

CO, emission

Engine test was conducted for emissions using various
blending properties of jatropha oil and ethanol under various
load conditions. Figure 6 shows the CO, emission levels for
various loads. The baseline data were generated using pure
diesel. The CO, emission of D90J7.5E2.5 blend shows a
marginal decrease by 0.02%, 0.03%, and 0.07% at 0,
0.937, and 3.467 kW power output, respectively, compared
to diesel. It was observed that CO, emissions were margin-
ally decreased with increasing of biodiesel blending. It is
because of higher oxygen content in biodiesel when com-
pared with base diesel which helps for complete combustion
(Radhakrishnan et al. 2017; Rathinam et al. 2018; Yuvarajan
et al. 2018; Senthilkumar et al. 2018).

50| (Il D100

[ D90J 7.5E2.5
I D95J3.75E1.25
[ D 98J1.5E0.5

40 4

30

NOXx (g/kWh)

20+

0 0.937 1.874 2811 3.467

Brake power (kW)
Fig. 5 NO, emission

I D100
100 I D90J 7.5E2.5
Il D95J3.75E1.25
[ D 98J1.5E0.5 |
80
é 60
=
&
8 40 -
20
0 -
0 0.937 1.874 2.811 3.467
Brake power (kW)
Fig. 6 CO, emission

CO emission

Carbon monoxide is formed because of the incomplete con-
version of carbon atoms present in the fuel, and its main cause
is due to an inadequate supply of oxygen during combustion
(Arul Gnana Dhas et al. 2018; Balan et al. 2018). Figure 7
shows the CO emission levels for various loads. Engine test
was conducted for emissions using various blending proper-
ties of jatropha oil and ethanol under various load conditions.
The baseline data were generated using pure diesel. For the
blend D98J1.5E0.5, a significant decrease of 0.01% and
0.02% at 0, 2.811, 3.467, and 0.937, 1.874 kW power output
was observed. For the blend, D95J3.75E1.25 shows a margin-
al increase of 0.01% at 0, 1.874 kW, a marginal decrease of
0.01% at 2.811 kW, an increase of 0.04% at 0.937 kW, and a
decrease of 0.04% at 3.467 kW than the base diesel. It was
observed that CO emissions were decreased with the decrease
of biodiesel blending. This effect is due to oxygen supply
variation during engine operation (Joy et al. 2017; Yuvarajan
and Venkata Ramanan 2016).

0.0012 4

I D100

I D90J 7.5E2.5
Il D95J3.75E1.25
I D 98J1.5E0.5

0.0010 4

0.0008 +

0.0006

€O (g/kWh)

0.0004 +

0.0002

0.937 1.874 2.811
Brake power (kW)

Fig. 7 CO emission
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Figure 8 shows the HC emission levels for various loads. The
baseline data were generated using pure diesel. The blend
D95J3.75E1.25 shows a marginal decrease of HC emission
by 1.32% at initial power output and a drastic decrease of
15.21% at 1.874 kW and 10.6% at 3.467 kW power output.
It was observed that HC emissions were decreased with in-
creasing of biodiesel blending at all power outputs. It is be-
cause of higher oxygen content in biodiesel when compared
with base diesel which helps for complete combustion.

Conclusions

The present experimental investigation was carried out on a
single-cylinder four-stroke diesel engine. After the
transesterification process, it was observed that the kinematic
viscosity of Jatropha curcas oil gets reduced significantly
than the diesel. The density of Jatropha curcas oil was higher,
but calorific value seems to be lower than the diesel. The
experimental output showed a significant improvement in per-
formance with three blends and when the percentage of blend
increases, performance also slightly increases. On the other
hand, when the engine is running with biodiesel and its blend,
emission such as HC, CO,, and NO,. emissions were reduced
with increasing of biodiesel blend whereas the CO emission
was reduced with decreasing of the biodiesel blend. This was
due to complete combustion of fuel and variation in the supply
of oxygen to the engine. This result proves that jatropha with
ethanol blend will act as a good substitute biofuel for a diesel
engine in near future. However, there are variable parameters
which can be evaluated in future such as by varying compres-
sion ratio, injection timing, and injection pressure.
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