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EMISSION AND PERFORMANCE CHARACTERISTICS OF A DIESEL
ENGINE USING COPPER OXIDE NANOPARTICLES IN PALM OIL
BIODIESEL-DIESEL BLENDS

Summary

In the present experimental study, the influence of copper oxide (CuO) nanoparticles on
emissions and performance of a 4.4 kW diesel engine powered by palm oil biodiesel have
been analyzed. Palm oil biodiesel of 20% by volume was blended with diesel fuel and the
resulting blend is termed as B20. The B20 test fuel blends were doped with CuO
nanoparticles with concentrations of 25 ppm, 50 ppm, and 75 ppm. Experiments were carried
out at 0%, 25%, 50%, 75%, and 100% engine loads at a constant speed (1,500 rpm).
Performance parameters such as brake thermal efficiency (BTE) and brake specific energy
consumption (BSEC), emission parameters such as carbon monoxide (CO), carbon dioxide
(CO2), hydrocarbons (HC), nitrogen oxides (NOx), and smoke opacity were analysed. It was
observed that when CuO nanoparticles were used as additives for the B20 blend, BTE
increased significantly by about 1.18%-7.69% and BSEC decreased considerably by about
4.12% - 6.76%. In addition, when CuO nanoparticles were added, there were also substantial
reductions in CO (2.21% - 8.86%). Furthermore, there was a noticeable increase in HC (0.3%
- 9.78%), CO2 (2.38% - 5.97%), and NOx emission levels (1.75% - 5.27%) when compared
to the B20 blend. However, in comparison to diesel fuel, all the emission levels were lower
for all biodiesel blends except for NOx emissions. Overall, it was concluded that CuO

nanoparticles could be considered as an appropriate petroleum additive for palm oil biodiesel
blends.
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1. Introduction

The use of biodiesel and its blends in diesel engines is increasing rapidly because of the
emerging need of replacing fossil fuels as they will be depleted soon. Consumption of
conventional fuels causes numerous air pollutants that affect human health and the
environment [1-4]. Fossil fuel depletion has brought about an increase in attention directed to
sustainable alternative fuels. Biodiesel is considered to be a better alternative fuel that can be
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used in diesel engines. Biodiesels are produced from various sources which include plants,
algae, animal fat, vegetable oils, waste oil, etc. Biodiesels produced from animal fat and
vegetable oil are biodegradable and non-toxic in nature [5-8]. Biodiesel can be formulated by
the reaction between alcohol and triglyceride with an aid of a catalyst [9, 10]. The properties
and chemical compositions of biodiesel are almost similar to those of petroleum fuels.
Conversely, biodiesels do not have sulfur, polycyclic aromatics and harmful compounds [11].
The recent literature on biodiesel fuelled diesel engines shows that such diesel engines can
reduce the presence of various emissions, including CO,, CO, HC, and smoke emissions
although there is an increase in NOy emissions [12-15]. Biodiesel fuel properties play a major
role in exhaust emissions from diesel engines. Different nanoadditives have been adopted in
biodiesel preparation to improve fuel blend quality in addition to enhancing the combustion
processes and thereby reducing engine exhaust emissions [16, 17]. Nanoparticles are additives
added to biodiesel fuel blends which act as potential catalysts thereby reducing the emissions.
The inclusion of nanoparticles to biodiesel fuel blends can improve their properties (kinematic
viscosity, flash point, cloud point, and pour point etc.) owing to their high surface area-to-
volume ratio, mass diffusivity and thermal conductivity [18, 19]. Metal oxides including
aluminium oxide, copper oxide, titanium oxide, iron oxide etc. are frequently used as
nanoparticles. Furthermore, some polymeric, carbon and ceramic nanoparticles were also used
in biodiesel preparation to improve fuel properties [20-21].

Several experimental investigations have been made on the influence of nanoparticles
on emission and performance characteristics of a diesel engine fuelled by diesel-biodiesel
blends. Hosseini et al. [22] examined the effect of nanoparticles of aluminium oxide (alumina)
on waste cooking oil biodiesel-diesel blends used to fuel a single cylinder direct injection
diesel engine. Alumina nanoparticle proportions of 30 ppm, 60 ppm, and 90 ppm were used,
while the engine operated at various engine speeds (1,800 rpm — 3,300 rpm). The authors
observed that the blend B10 + 90 ppm showed an increase in BTE, exhaust gas temperature
(EGT), and brake power (BP) of about 10.63%, 5.36%, and 5.8%, respectively, and a
decrease in brake specific energy consumption (BSEC) by about 14.52% when compared to
neat diesel.

Prabu and Anand [23] experimentally studied engine parameters of a diesel engine
powered by Jatropha biodiesel doped with ceria oxide and aluminium oxide nanoadditive.
Both additives are mixed with equal proportions of 10 ppm to 60 ppm. The authors observed
that 60 ppm doped Jatropha biodiesel blend showed a reduced brake specific fuel
consumption (BSFC) and higher BTE owing to the higher surface area-to-volume ratio of
nanoadditives that improved the combustion rate significantly. Sivakumar et al. [24] evaluated
the impact of aluminium oxide nanoparticles (50 ppm and 100 ppm) in Pongamia biodiesel
(25%) + diesel (75%) blend (B25) used to fuel a direct injection diesel engine. Their
experiments revealed that the B25 + 100 ppm fuel blend showed the BSFC lower by about
16.87% and BTE higher by 9.26%. This is a result of the collective effect of higher flame
temperatures, better rate of evaporation, ignition delay, and extended existence of flame.

Ganesh et al. [25] studied the combined effect of the cobalt oxide and magnalium
nanoadditives doped Jatropha biodiesel used to fuel a direct injection diesel engine. They
found that BTE was lower, and BSFC was increased due to the lower calorific value of
Jatropha biodiesel. Also, by adding cobalt oxide and magnesium nanoparticles there was an
1% rise in BTE when compared to other blends that had no additives. Mehta et al. [26]
evaluated the impact of boron, iron, and aluminium nanoadditives on characteristics of a
direct injection diesel engine. They found that BSFC decreased by about 6.9% when
compared with neat diesel fuel. Hosseini et al. [27] experimentally investigated the impact of
carbon nanotubes on exhaust emission and performance parameters of a single-cylinder diesel
engine. They observed that emission levels of CO, HC and smoke were considerably reduced
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when carbon nanotube was added. Moreover, it is also observed that BTE, BP, and EGT also
improved significantly.

Overall, many researchers anticipated that adding nanoparticles to a biodiesel fuel blend
significantly reduced harmful emissions and improved the performance of a diesel engine [20-
25]. From previous experimental studies, it can be observed that very few studies have been
carried out on characteristics of diesel engines fuelled by palm oil biodiesel blends, CuO
nanoparticles (on 25 ppm and 50 ppm concentration) and diesel fuel. In the present study,
based on this strategic concept, the following blends were used in the experiments: D100
(neat diesel), B20 (20% palm oil biodiesel + 80% diesel), B20N25 (20% palm oil biodiesel +
80% diesel + 25 ppm CuO nanoparticles), B20N50 (20% palm oil biodiesel + 80% diesel +
50 ppm CuO nanoparticles) and B20N75 (20% palm oil biodiesel + 80% diesel + 75 ppm
CuO nanoparticles).

2. Materials and methods

2.1 Preparation of copper oxide nanoparticle biodiesel blends

CuO nanoparticles were preferred as the fuel additive because of their improved
physical and chemical properties, such as thermal heat conductivity, high heat capacity, low
thermal expansion and high melting temperature when compared to other nanoparticles.
Additionally, CuO particles are considered as non-toxic and more environmentally friendly
than other metal-based nanoparticles [28]. Further, it is also found that adding CuO
nanoparticles increases the auto-ignition temperature of fuel blends [29]. Various properties
of CuO nanoparticles are given in Table 1. Palm oil was produced by transesterification to be
suitable for use in diesel engines as given in Fig. 1. CuO nanoadditives were characterized by
using transmission electron microscope (TEM) and scanning electron microscope (SEM)
images and their details are given in Fig. 2.

CuO nanoparticles were mixed with palm oil biodiesel-diesel blend (B20) in the
quantities of 25 ppm, 50 ppm, and 75 ppm by an ultrasonicator (R-4C model). In order to
evaluate the stability of the nanoparticles dispersed in the palm oil biodiesel-diesel blend, the
blends were checked for stability and homogeneity for 15 days, and the samples showed the
minimum separation of nanoparticles [30]. The physical and chemical properties of CuO
nanoparticles doped palm oil biodiesel-diesel blends are given in Table 2.

Table 1 Properties of CuO nanoparticles

Item Nanoparticle sample
Composition copper 80%, oxygen 20%
Colour black

Form powder

Molecular weight 32.85 g/mol
Average size of particle 1020 nm

Molar mass 79.5 g/mol

Boiling point 2,000 °C

Melting point 1,201 °C

Density 6.31 g/em’

Thermal conductivity 0.732 W/mK
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Fig. 1 The process of palm oil biodiesel production

Fig. 2 (a) TEM & (b) SEM images of CuO nanoparticles

Table 2 Properties of test blends

Properties D100 B20 B20N25 B20N50 B20N75 ASTM
standard

Kinematic viscosity at 2.98 3.29 3.18 3.14 3.21 D445

40 °C (cSt)

Density at 20 °C (kg/m®) 832 862 847 845 841 D1298

Calorific value (kJ/kg) 43,500 41,965 42,210 42,760 42,580 D240

Cetane number 47 49.7 50.4 50.9 50.3 D976

Flash point (°C) 67 58 59 62 61 D93
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2.2 Experimental set-up and testing procedure

A single-cylinder diesel engine (Kirloskar) with dynamometer (eddy current) loading
arrangement was used in the experiments. The experiments were carried out for the engine
loads from 0% to 100% with increments of 25%. The layout of the experimental engine setup
is presented in Fig. 3. The technical specifications of the engine are presented in Table 3. An
exhaust gas analyzer (model QRO/402) was used for measuring CO, CO,, HC, and NOy
emission levels. A smoke meter (model AVL437C) was employed for measuring the smoke
opacity. Table 4 displays uncertainties of instruments and measurement accuracies obtained

from the calculated results.
m B

[ S
rw

1. Single cylinder diesel engine
2. Air flow meter

3. Fuel injection controller

4. Data aquisition system (DAS)
5. Exhaust gas analyzer

6. Smoke opacimeter

7. Fuel tank

8. Electronic scale

9. Mixing chamber

10. EGR cooler

11.EGR valve

12, Exhaust line

13. Fuel injector

14, Pressure pickup

15. Charge amplifier

16. Eddy current dynamometer
17. Crank angle encoder

Fig. 3 Experimental engine set-up

Table 3 Technical specifications of the engine

Make Kirloskar

No. of cylinder single cylinder

Type four stroke, direct injection diesel engine
Rated power 4.4 kW

Rated speed 1,500 rpm

Engine capacity 661 cm’

Bore & stroke 87.5 mm, 110 mm

Compression ratio 17.5:1

Normal injection pressure 200 bar

Normal injection timing 23°bTDC
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Table 4 Uncertainties of instruments

Device Measu‘red Range Accuracy Uncertainties

quantity (%)

Gas analyzer Cco 0-9.99% vol. +0.02% +0.2
(AVL 444 Di-Gas) CO, 0-19.99% vol.  +0.03% +0.2
HC 0-15,000 ppm  £50 ppm +0.3

NOy 0-5,000 ppm +10 ppm +0.2

Smoke meter (AVL 437C)  smoke opacity 0-100 HSU +0.1 HSU +1.0
Burette fuel 1-100 cm’ +0.1 cm’ +1.0
Digital tachometer engine speed  0-10,000 rpm +10 rpm 0.1
Eddy current dynamometer engine load 200-8,000 W I5SW +0.3
Pressure transducer pressure 0-100 bar +0.1 bar +0.1

The data acquisition system (DAS) was connected from the diesel engine to the
computer and it stored the in-cylinder pressure and its associated data for further calculation.
Then, a combustion analyser kit was installed on the diesel engine to analyse the ignition
delay period, the start of combustion, the heat release rate, the mass fraction burnt and the
combustion duration inside the cylinder. An optical sensor was fitted near to the flywheel to
ensure a constant speed of the diesel engine (maximum of 1,500 rpm). Meanwhile, tailpipe
emissions were analysed by using a five gas analyser AVL444 in the conditions of steady
state engine operation.

Then, this filtered gas was allowed to reach a nondispersive infrared sensor for HC, CO
and CO, emissions and oxides of nitrogen (NOy) to be measured using an electrochemical
sensor. After the measurement, a smoke emission analysis carried out by an AVL 437 C type
smoke meter was done. This engine test was conducted at 0%, 25%, 50%, 75% and 100%
brake load conditions. Then, between the uses of other fuel blends, the engine was run by pure
diesel fuel to ensure better combustion and homogeneity in the cylinder.

2.3 BTE and BSEC calculation

The instrument used to measure the output power is dynamometer, which has a
stationary rotor bounded by electromagnets and coupled with a crankshaft by flexible
coupling. The rotor’s rotary motion acts against the magnetic field generated by the
electromagnet when supplied with sufficient electric current. This in turn creates resistance to
rotor and thereby load is applied to the engine. Hence, varying the current supplied to the
electromagnet can alter the load. The opposing force created on the dynamometer is measured
by the change in the strain gauge, based on which torque is measured by multiplying the R-
distance between the centre of the pivotal point (strain gauge) and the varied opposing force.

T'=F-R (1)
Based on the obtained torque, the brake power (BP) output can be evaluated for the test

engine which operates at a constant speed of 1,500 rpm as follows:

_27n-N-T
60

BP .S (kW) (2)

where, BP denotes brake power, N denotes constant engine speed (here 1,500 rpm), 7" denotes
the torque generated and S denotes the dynamometer constant. From the above equation, the
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respective brake powers generated by the engine at engine loads of 0%, 25%, 50%, 75% and
100% at the speed of 1,500 rpm can be evaluated. The total fuel consumed by the engine is
evaluated by the consumption of certain quantity of fuel (10 cm?) at varying time period with
the help of a stopwatch. With the load increasing, more fuel is injected to maintain the engine
speed constant (at 1,500 rpm). Total fuel consumption (TFC) can be calculated by the
following formula:

TFC = % (2/s) 3)

where, p denotes fuel density, v denotes the volume of fixed quantity (here it is 10 cm®) and t
denotes the time taken by stopwatch during the consumption of 10 cm’® fuel. From BP and
TFC, brake specific fuel consumption (BSFC) can be evaluated by the amount of fuel
consumed for getting 1 kW power output. In general, BSFC is preferred when experimental
fuels are used which have similar values of density and calorific values. However, brake
specific energy consumption (BSEC) is more specific than BSFC as it correlates the varying
density and the calorific value of experimental fuels. BSEC is simply the amount of energy
supplied (MJ) to an engine operated for one hour and generating 1 kW power output. It can be
calculated by the following formula:

energy intake of the engine for one hour

BSFC = — -
brake power gained in the engine crankshaft
BSEC = % -CV (MJ/kWh) 4)

where, BSEC denotes the brake specific energy consumption, BP denotes the brake power
developed by the engine and CV denotes the calorific value of the test fuel subjected to
experimentation. Finally, the brake thermal efficiency is determined using the following
formula:

BP
E=—— 100 (% 5
trc.cv ®

where, BTE denotes the brake thermal efficiency, TFC denotes the total fuel consumption and
CV denotes the calorific value of the test fuel subjected to experimentation.

3. Results and discussion

3.1 Performance characteristics

The influence of CuO nanoparticles on the brake thermal efficiency of the diesel engine
for D100, B20, B20N25, B20N50, and B20N75 is shown in Fig. 4. It can be seen that the B20
blend exhibits the lowest BTE for all engine loads. This is because of a higher kinematic
viscosity and density of biodiesel blends. When compared with neat diesel, the kinematic
viscosity of B20 is higher by about 10.4% which causes the lowest BTE of 28.22% to occur at
100% engine load due to incomplete combustion of the B20 blend when compared to neat
diesel. The addition of CuO nanoparticles in B20 contributes to a substantial improvement in
increasing the BTE. It can be observed that the rise in the heating value and decline in the
kinematic viscosity with the CuO nanoparticle doped biodiesel-diesel blend (B20) are the
main reasons for the BTE improvement. BTE of the CuO nanoparticle doped B20 blend was
higher by about 2.66%, 7.69%, and 1.18% for B20N25, B20N50, and B20N75 blends,
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respectively, when compared to B20. This could be due to the catalytic activity of
nanoparticles which promotes the atomization of fuel droplets [31], further resulting in an
increased rate of evaporation and a drop in physical delay leading to an increase in
combustion efficiency and higher BTE. Nanoparticles also have a higher surface area-to-
volume ratio which could possibly influence the rate of heat transfer inside the engine
cylinder [32].

35
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Fig. 4 Brake thermal efficiency for fuel blends versus engine loads

The effects of CuO nanoparticles on the brake specific energy consumption (BSEC) of
the diesel engine for D100, B20, B20N25, B20N50, and B20N75 blends are shown in Fig. 5.
It can be observed that B20 displays the maximum energy consumption at all engine loads
when compared with diesel (D100) and other test blends. The heating value of the B20 blend
is lower than that of neat diesel by about 3.52% and also the higher kinematic viscosity of
B20 lowers the rate of atomization and vaporization of fuel droplets, thus causing a surge in
the BSEC profile. The B20 biodiesel-diesel blend displays a downward trend of BSEC due to
the presence of oxygen in the blend, promoting combustion. The BSEC of the CuO
nanoparticle doped B20 blend dropped by about 4.17%, 6.76%, and 4.12% for B20N25,
B20N50, and B20N75 blends, respectively, when compared to the B20 blend. It is found that
when CuO nanoparticles were added, BSEC reduced marginally. This is because of a higher
surface area-to-volume ratio of nanoparticles promoting the catalytic activity and improved
combustion. Further, there was a decrease in physical delay, an increase in the cetane number
which overall lead to BSEC lower than in any other blends. It was also found that the B20N50
blend displayed the lowest BSEC profile at all engine load conditions. Besides, the addition of
nanoadditives influences the evaporation rate, ignition delay and spray characteristics, which
altogether improves the catalytic activity and improvement in the combustion efficiency
subsequently lowering the BSEC profile. Patel and Kumar [33] also found a similar trend of
the lower BSEC doped with alumina nanoparticles.
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Fig. 5 Brake specific energy consumption for fuel blends versus engine loads

3.2 Engine emission characteristics

The influence of CuO nanoparticles on CO emissions of the diesel engine for D100,
B20, B20N25, B20N50, and B20N75 blends are shown in Fig. 6. From the figure, an
increasing CO emission trend can be seen with the engine load increasing. It is due to the
variation in air-fuel ratio supplied at different engine loads. Furthermore, the B20N75 blend
exhibits the lowest CO emission levels at all engine load conditions. This is because of the
high inherent oxygen and high cetane number of B20 [34]. The CuO nanoparticle addition in
B20 results in a substantial decrease in CO emission levels because CuO nanoparticles
promote the oxidation process of converting CO into CO,. The CO emission levels of the
CuO nanoparticle doped B20 blend were lower by about 2.21%, 6.09%, and 8.86% for
B20N25, B20N50, and B20N75 blends, respectively, when compared to the B20 blend. This
is because of the catalytic activity of nanoparticles, which promotes the atomization and
evaporation rate resulting in better combustion in the cylinder. Nanoparticles also have a
higher surface area-to-volume ratio which could possibly influence the rate of heat transfer
[32]. CO emissions could also be reduced owing to a reduced ignition delay causing an
increase in the combustion rate [35]. Lower CO emission levels achieved by adding
nanoparticles were reported in different studies [23, 24, 27].
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Fig. 6 Carbon monoxide emissions from fuel blends versus engine loads

The influence of CuO nanoparticles on CO;, emission levels of the diesel engine for
D100, B20, B20N25, B20N50, and B20N75 blends are shown in Fig. 7. The CO, emission
levels of the B20 blend are reduced for all engine loads when compared with the B20 + CuO
nanoparticle blends and this is due to the presence of nanoadditives improving the rate of
combustion, followed by a higher oxidation range and higher CO, liberation as CO, indicates
an improvement in combustion. Adding CuO nanoparticles to the B20 blend results in a
substantial increase in CO, emissions because it is evident that there is a trade-off between
CO and CO,.emissions. The nanoparticle addition enhances the combustion process and leads
to higher CO, emissions for the B20 + CuO nanoparticle blends since CuO nanoparticles
promote the oxidation process which could convert CO into CO, emissions. The CO;
emissions of CuO nanoparticle doped B20 blend were increased by about 2.38%, 3.76%, and
5.95% for B20N25, B20N50 and B20N75 blends, respectively, when compared to the B20
blend.

Carbon dioxide emission (% volume)

0 25 50 75 100

Engine load (%)

Fig. 7 Carbon dioxide emissions from fuel blends versus engine loads
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The influence of CuO nanoparticles on HC emission levels of the diesel engine for
D100, B20, B20N25, B20N50, and B20N75 blends is presented in Fig. 8. The emission levels
of HC increase with the engine load increasing due to the leftover fuel in the combustion
chamber and quench areas such as cylinder walls and crevice volumes for all the test fuel
blends. It can be perceived that the B20 blend exhibits reduced HC emission levels at all
engine load conditions. The HC emission trend of the D100 blend is increasing when
compared with any other B20 blend. The CuO nanoparticle addition in the B20 blend
increases HC emissions subsequently. The formation of HC emissions is mainly due to the
incomplete combustion, and the concentration of CuO nanoparticles plays a vital role in the
HC formation inside the combustion chamber. Higher concentration of CuO nanoparticles
tends to be accumulated within the quench layers of the engine cylinder followed by the HC
liberation at subsequent combustion stages. At 100% load, HC emissions of the CuO
nanoparticle doped with B20 blend increased by about 0.31%, 3.97%, and 9.78% for
B20N25, B20N50, and B20N75 blends, respectively, when compared to the B20 blend. It is
obvious that an increase in the concentration of CuO nanoparticles significantly increases HC
emissions. However, when compared to mineral diesel fuel, HC emissions were lower for all
biodiesel blends at all engine load conditions. Overall, the B20 blend produced the lowest HC
emission levels in comparison with other CuO dosage levels.

250 o

[\

[=3

o
|

150 1

100

50

Hydrocarbon emission (ppm)

0 25 50 75 100

Engine load (%)
Fig. 8 Hydrocarbon emissions from fuel blends versus engine loads

The influence of CuO nanoparticles on NOy emission levels of the diesel engine for
D100, B20, B20N25, B20N50, and B20N75 blends is shown in Fig. 9. It is clear that neat diesel
fuel exhibits the lowest NOy emission levels in comparison to that of the B20 blend for all
engine loads. The presence of inherent oxygen in the biodiesel blends could have possibly
increased the rate of combustion, thus raising the in-cylinder temperature, which is found to be
the main cause for NOy formation. NOy emission levels of the CuO nanoparticle doped B20
blend were increased by about 1.75%, 3.22%, and 5.27% for B20N25, B20N50, and B20N75
blends, respectively, when compared to B20. At full engine load condition, the B20N75 blend
exhibits the highest emission levels in comparison with those of the B20 blend by about 5.27%.
It is due to peak in-cylinder temperatures and the presence of O, molecules in biodiesel. The
presence of CuO nanoparticles accelerates the oxidation process thereby increasing the in-
cylinder temperature, and CuO nanoparticles act as a catalyst for the combustion process
thereby resulting in increased NOy emissions. An increase in NOy emission levels for biodiesel
blends was also reported in similar studies by Basha and Anand [35].
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Fig. 9 Nitrogen oxide emissions from fuel blends versus engine loads

The influence of CuO nanoparticles on the smoke opacity of the diesel engine for D100,
B20, B20N25, B20N50, and B20N75 blends is given in Fig. 10. It was found that B20N75
displays the maximum smoke opacity for all engine loads. The smoke opacity of the B20
blend is lower than that of neat diesel by about 20.52%, due to the inherent oxygen content in
biodiesel, which promotes the rate of combustion leading to the lowest smoke opacity. In
general, smoke occurs because of oxygen deficiency as well as poor atomization, which
attributes to the accumulation of fuel in the cylinder. In comparison with mineral diesel, the
CuO nanoparticle doped B20 blend generates considerably reduced smoke emission levels as
shown in the Fig. 10. Smoke emissions of the CuO nanoparticle doped B20 blend dropped by
about 13.24%, 7.70%, and 3.05% for B20N25, B20N50, and B20N75 blends, respectively,
when compared to diesel at 100% engine load condition. The addition of CuO nanoparticles
in B20 results in an improved evaporation rate, reduced ignition delay, and enhanced
combustion efficiency. B20N25 showed minimum smoke opacity profile, as a result of the
lower viscosity and cetane number which influences the spray and droplet characteristics,
which overall reduces the smoke opacity considerably. A similar trend of reduced smoke
emission levels with nanoparticles was observed by Basha and Anand [35].

Smoke opacity (%)

0 25 50 75 100
Engine load (%)

Fig. 10 Smoke opacity for fuel blends versus engine loads
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4. Conclusions

The present study deals with the performance and emission characteristics of a single
cylinder direct injection diesel engine fuelled by nanoparticle blended biodiesel. The effects
of CuO nanoparticles (25 ppm, 50 ppm, and 75ppm) added to palm oil biodiesel-diesel blends
were experimentally investigated. Based on the experimental results, the following
conclusions were drawn:

A substantial improvement in BTE was achieved by adding CuO nanoparticles to
biodiesel blends. The highest BTE of 30.39% was achieved for the B20N50 blend, which is
7.6% lower than that of mineral diesel fuel. The BSEC of CuO nanoparticle doped biodiesel-
diesel blends dropped when compared to B20 (the maximum drop of 6.76% was achieved for
B20N50)

As regards emission levels, CuO nanoparticles addition to the B20 blend results in a
substantial decrease in CO emission levels (B20N25>B20N50>B20N75) when compared to
the B20 Dblend. However, a substantial increase in CO, emission levels
(B20N25<B20N50<B20N75) is a consequence of a trade-off between CO and CO, emissions.
In general, HC and smoke emission levels were lower for biodiesel blends than diesel fuel,
but the HC and smoke emission levels of the CuO nanoparticle doped B20 blend increased by
about 9.78% and 7.70%, respectively, for the B2ON50 blend when compared to the B20
blend. Higher NOy emission levels were found for all biodiesel blends including the CuO
nanoparticle doped biodiesel-diesel blends. The B20N75 blend exhibits higher NOy emission
levels than the B20 blend by about 5.27%. This could be the only the reason for achieving
peak in-cylinder temperatures because of the in-built O, molecules in the biodiesel structure
as well as a nanoparticle.

Abbreviations

CuO copper oxide

D100 neat diesel

B20 20% palm oil biodiesel + 80% diesel

B20N25 20% palm oil biodiesel + 80% diesel + 25 ppm CuO nanoparticles
B20N50 20% palm oil biodiesel + 80% diesel + 50 ppm CuO nanoparticles
B20N75 20% palm oil biodiesel + 80% diesel + 75 ppm CuO nanoparticles

BTE brake thermal efficiency

BSFC brake specific fuel consumption
BSEC brake specific energy consumption
CO2 carbon dioxide

CcO carbon monoxide

HC hydrocarbons

NO4 nitrogen oxides

BP brake power

EGT exhaust gas temperature

TEM transmission electron microscope
SEM scanning electron microscope
DAS data acquisition system
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