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Abstract

Recycling plastics into energy sources is the most promising method for cutting down on pollution and trash.
In this regard, predictions of adiabatic engines using pistons with thermal barrier coatings (TBCs) were made
to reduce in-cylinder heat rejection, safeguard the underlying metallic surfaces from thermal cracking, and
indeed reduce engine emissions. This study compares the predicted thermal and physical parameters of
plastic waste oil (WP) with its diesel blends in fixed proportions of WP10D90 (10% plastic oil, 90% diesel),
WP20D80, WP30D70, WP40D60, and WP50D50 to diesel values). The study further explores the concept
of the utility function to evaluate the best-ranked fuel blend in each category of various performance
characteristics namely BTE, BSFC, UHC, CO, and NOx. Additionally, the effect of the thermal barrier
piston coating on CI engine performance metrics and emissions was studied and compared with those
achieved with regular diesel oil. When compared to diesel, the results state that the WP40D60 blend has the
highest brake thermal efficiency, i.e. 31.62% at 80% load, and the lowest NOx emissions at all load
conditions. In addition, it was further observed that the WP20D80 has lower hydrocarbon (HC) emissions at
20% load and an increment in CO emissions for all blends and load combinations. Overall, WP30D70 has
come up with the best fuel as per the utility function.

Keywords: Thermal barrier coating, Biodiesel blends, Brake thermal efficiency, Specific fuel consumption,
Gas analyzer, Utility function.

1. Introduction

Today, petroleum-based fuel is indispensable to
the economic development of every nation.
Products derived from fossil fuels continue to be
the primary and most important sources of energy
used to power vehicles worldwide. Nonetheless,
fossil fuel reserves are limited and non-renewable
[1-3]. At the current and projected crude
consumption rates, it is calculable that these
reserves will eventually be severely depleted,
making it impossible to meet demand. In contrast,
biodiesel is a renewable, clean-burning alternative
fuel composed of vegetable oils or animal fats and
alcohol. It contains no fossil fuel but can be
emulsified with diesel in any proportion to create
biodiesel. When compared to renewable energy
options like solar, wind, and geothermal, biodiesel
looks preferable as it is made accessible at any
location and time, it doesn't require a large storage
facility, and it can be produced from a diverse

range of sources. Because of this, biodiesel
provides a long-term and practical answer to the
problem of inadequate energy supply [4-6].

Biodiesel is a sustainable alternative fuel derived
from renewable resources such as vegetable oil or
animal fat. Algae oil can also be utilized for its
production. In the context of the compression
ignition (CI) engine, it has been favored as a fuel
option instead of diesel. The utilization of
vegetable oil as a fuel source for compression
ignition engines is not a novel concept. The
inaugural compression-ignition  (Cl) engine,
utilizing vegetable oil as fuel, was developed by
Rudolf Diesel in 1895. Dr. Rudolf unveiled his
invention at the 1900 World's Fair in Paris [7-9].
However, until recently, there was little
enthusiasm for generating and employing
vegetable oil. Biodiesel, according to ASTM
D6751 standards, is a "mono-alkyl ester of long
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fatty acids produced from plant oil or animal fat."
Standards for biodiesel were laid down in great
detail by the ASTM procedure. There are
procedures in place for assessing the properties of
biodiesel, as well as the ranges within which such
properties could be anticipated to function. Raw
fossil fuel is not what biodiesel is. It is made from
either vegetable oil or animal fat by the process of
esterification. During the transition to esters, the
characteristics of the feedstock undergo
significant modifications. Biodiesel mimics the
properties of its parent substance to some extent.
The employed source's chemical makeup is
mostly to blame for this [10-12].

Biodiesels are made from a variety of sources
including discarded cooking oils, oils that are not
suitable for human consumption, and those that
are. Sunflower oil, mustard oil, olive oil, coconut
oil, etc. are all examples of edible oils. Oils
extracted from plants like jatropha and karanjia
are not suitable for human consumption. A variety
of cooking oils are available and utilized. Long-
term heating of cooking oils causes them to
undergo oxidation and create oxides and
polymeric compounds. The human body cannot
handle these oxides. Such oils can be recycled for
other uses rather than being thrown away. The
creation of biodiesel is one example of this type of
use. As a food item, edible oils are both costly and
in high demand, making the recycling of wasted
and non-edible oils even more important. An eco-
friendly fuel that burns cleanly is biodiesel. It is
risk-free to use and has no negative effects on the
environment. It is easily accessible and can be
refreshed. The term "biodiesel" is typically used
incorrectly. This phrase is frequently used to refer
to either pure vegetable oil or a biodiesel and
diesel mixture. Vegetable oils that have not been
refined and have a high fatty acid content are not
considered to be biodiesel since a conversion
procedure has not been applied to them [13-16].
The biodiesel preparation methods have a
significant impact on the emission values and
performance of certain  biodiesel-powered
engines. Using a 20% blend of biodiesel tamarind
seed methyl ester, Prasad et al. [17] examined the
impact of different injection fuel methods on a
CRDI engine operating under varying loads. The
diesel is initially injected with 30% pilot injection
(P.1) and 100% main injection (M.I) at 600 bars.
Following that, TSMEZ20 is injected at a similar
pressure as the previous twin injection strategies.
According to this study, the BTE for the tested
biodiesel was increased by 30% PI rather than
100% MI. Furthermore, TSME20 biodiesel at
30% PI reduced hydrocarbon, carbon monoxide,
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and smoke emissions significantly when
compared to 100% diesel MI at high load
conditions. Reddy et al. [18] studied the behavior
of a diesel engine powered by biodiesel blends
containing corn seed methyl esters (CSME).
According to the results of the tests, the CSME
B20 (20% biodiesel and 80% diesel) operated
engine had higher BTE when compared to other
blends, implying that CSME B20 is a viable fuel
among the alternative diesel options. Kumari et al.
[19] used peeled lemon oil as a novel fuel to
power a Cl engine under varying load conditions.
Based on the results of the experiments, it was
discovered that B20 had better BTE, BSFC, and
engine emissions of CO, smoke, and HC when
compared to other blends. Ahmed et al. [20]
examined the performance, combustion, and
emission analysis of many biodiesel blends made
from animal fat methyl ester (AF), waste cooking
oil (WCOQ), and petro-diesel (PD). According to
the results of the tests, PD50AF30WCO020
consumes less BSFC and more BTE than the other
tested blends. Emissions in the AF50WCO50
blend were found to be 28% higher in CO and
22% lower in UHC, resulting in the greatest
portion of heat rejection rate with a lower amount
of CO, NOx, and smoke when compared to other
blends. Prabakaran and Viswanathan [21] tested
the performance, combustion, and emission
characteristics of cotton seed oil methyl ester
blends and anhydrous ethanol in a diesel engine at
many loads. The results show that the BTE of the
blends is closer to diesel. Emissions of NOX,
smoke, CO, and HC decrease at maximum loads
and improve at lower loads. Srithar et al. [22]
investigated the usage of a thermal barrier-coated
combustion chamber on the performance of a dual
biodiesel DPN-powered diesel engine (diesel,
Pongamia, neem). According to the observations,
the SFC of a coated engine (CE) with DPN 1 fuel
(a mixture of 75% diesel, 22.5% Pongamia oil,
and 2.5%) is 13.9% lower than that of a base
engine. The DPN 1 CE engine has a BSFC that is
12% higher than the diesel engine. CE emits less
HC and produces less smoke than the baseline
engine. Dewangan et al. [23] compared the
emission values and performance of a multi-
cylinder engine powered by Karanja methyl ester
(KME), Manilkara zapota methyl ester (MZME),
and diesel. Biodiesel of 20% each, denoted by
MZME20 and KME20, was tested in the engine to
determine its performance at various engine
speeds. The experimental results revealed that
both biodiesel blends had higher BSFC and lower
BP than neat diesel operation. HC and CO
emissions at full load were lower, while NOx
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emissions for blended fuel were higher compared
to diesel fuel.

The prior state of the arts described the
significance of thermal barrier coatings (TBCs) in
enhancing engine performance. TBCs play an
important role in reducing in-cylinder heat
rejection in Cl engines. TBCs are applied to the
surfaces of pistons and other engine components
that are exposed to high temperatures. These
coatings act as insulation, reducing the amount of
heat that is transferred to the underlying metal
surfaces. This helps to prevent thermal cracking
and other forms of damage that can occur when
metal components are exposed to high
temperatures. In addition to protecting the
underlying metal surfaces, TBCs also improve
engine performance by reducing heat loss from
the combustion chamber. This can increase the
thermal efficiency of the engine, resulting in
better fuel economy and lower emissions. TBCs
can also reduce the formation of nitrogen oxides
(NOx), which are a major contributor to air
pollution. Thus TBCs not only protect the engine
components from high temperatures and reduce
emissions but also their application reduces the
environmental impact and improves overall
engine performance [24-26].

In this context, an attempt has been made by the
authors to evaluate the performance and emissions
characteristics of a thermal barrier-coated CI
engine. The novel aspect of this work is the use of
plastic waste oil (PWO) as a feedstock for
biodiesel production, as well as the effects of
using plastic waste oil on performance parameters
such as thermal efficiency, fuel consumption, and
emissions such as HC, CO, and NOx for thermal
barrier-coated CI engines. Using plastic waste oil
to produce biodiesel is a novel way to address two
environmental problems: pollution caused by
fossil fuels and the accumulation of non-
biodegradable plastic waste. This approach aims
to enhance engine performance by coating engine
parts with thermal barrier coatings, reducing
pollution and trash by recycling plastic into
energy sources, and using alternative fuels.

2. Materials and method

Petroleum waste contributes to the large volume
of plastic waste generated both in the household
and the industrial sectors, which requires
hundreds of years to decompose. In general, the
waste management method that is most popular is
landfill management, and plastic is the most
commonly recycled material. The landfill method
is currently popular for waste management, but it
needs a more landfill area and has an effect on the
environment, resulting in soil contamination.
Moreover, it can provide environmental benefits
in terms of waste management for maximum
benefits and reduction in plastic waste, reduction
in plastic waste disposal, and minimizing landfill
space issues. Waste plastic contains HCs, which
are the primary element of traditional fuels. This
increases the probability of reusing these waste
plastics by converting them into fuel. Products can
be acquired from the production process as well as
used as an energy source like conventional fuels
[27, 28]. It can also supply environmental
comforts in terms of waste management for
extreme comforts and depletion in the amount of
waste plastic, as well as reduced waste plastic
destruction and limiting the difficulty of finding
areas for scraping landfills. The use of waste
plastic as a renewable energy source material also
contributes to the reduction of the energy
emergency [29]. Much research supports the use
of biodiesel as an alternative to diesel fuel, and it
is anticipated that the energy transportation sector
will use it as a renewable energy source. Oxygen
in fuel molecules is expected to result in cleaner
biodiesel combustion, leading to improvements
when considering emission. Various studies have
been conducted to investigate the use of plastic
waste oil as a replacement fuel in Cl engines.
Plastic waste pyrolysis oil has properties close to
diesel fuel, such as density, cetane index, and
heating value can be used as a diesel fuel
alternative. This waste plastic oil is processed via
transesterification and then blended with diesel
[30, 31]. The experiment was accomplished in a
single-cylinder CI engine, and the fractions of the
blend used for the analysis were 10%, 20%, 30%,
40%, and 50% of WP contents added on in neat
biodiesel by volume basis.

Table 1. Fuel properties.

S No Fuel Density Caloric value Kinematic viscosity Flash point Fire point
) @ 15 °C (kg/m®) (MJ/kg) @40 °C (mm?/s) (°C) (°C)
1 Diesel 835 44 2.7 55 66
2 WP10D90 809.5 43.24 3.2 47 57.6
3 WP20D80 808.8 42.82 3.65 45 59.6
4 WP30D70 808.4 424 39 47.6 62
5 WP40D60 807.8 41.63 43 55 64
6 WP50D50 807.5 41.02 4.6 46.3 58
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2.1. Test engine setup

The experiments were carried out on a Kirloskar
single-cylinder,  water-cooled, = compression
ignition test engine linked with a swing field
dynamometer as shown in figure 1. The machine
specifications are listed in table 2. The AVL 5 gas
analyzer is used to enumerate the engine tailpipe
discharge, which measures emissions such as HC,
CO,, CO, NOx, and Oz. Similarly, an AVL smoke
meter is used to calculate the smoke concentration
in the exhaust, and figure 1 depicts the schematic
view of the experimental setup.

Figure 1. Test engine setup used for experimentation.

(a) Before anodizing coating

Table 2. Engine specifications.

Property Description

Name Kirloskar engine

Type 4 stroke, 1 cylinder,
DI, water-cooled, Cl Engine

Bore 80 mm

Stroke 110 mm

Speed 1500 rpm

B.H.P. 5 kw

Compression ratio 16:1

Diameter of the brake drum | 360 mm

The thickness of the belt 5mm

Co-efficient of discharge 0.6

Diameter of the orifice 20 mm

Maximum current 13 amp

The trials were carried out on the engine using
diesel with normal plain piston, and the tests were
later repeated with the WP10D90, WP20D80,
WP30D70, WP40D60, and WP50D50 blends with
anodizing coated piston (Figure 2) at load
variations and rated speeds. The experimental
observations were recorded, and several
performance parameters and emission
characteristics were noted and compared at
standard operating conditions between base diesel
fuel and various blends.

(b) After anodizing coating

Figure 2. Piston top view before and after anodizing coating.

2.2. Utility function

Utility functions are a commonly accepted
concept in  multi-criteria  decision-making
(MCDM) problems due to their simplicity and
ease of understanding for decision-makers. They
do not require any additional constraints beyond
the aggregation formula. In the utility-based
Taguchi process, an MCDM problem can be
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transformed into a single response optimization
problem using a response function, also known as
an arbitrary function, which acts as an overall
utility index. The goal is to optimize this function
to obtain the solution [32-34]. According to the
utility function approach [35], if A_x is the
performance indicator of an output response x and
there are k output characteristics evaluating the
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data set, the joint utility function can be expressed
as follows:

U(A1,A2, ......... Ak) = (1)
f{U; (A1), Us(Ap), e o . U (A}

In equation (1), the utility of the x., output
response is represented by (U; (41)). Equation (2)
shows the overall utility function, which is equal
to the sum of the utilities of individual output
characteristics.

)

The weightage given to the output responses is
based on their relative importance and impact on
the process. In this case, the overall utility
function can be understood as follows:

k
U(A1,A2, ......... Ak) = Z IUX(AX)
x=

@)

In equation (3), W, represents the importance or
influence assigned to the output response x. The
total of all the weights assigned to all the output
responses should be 1. The output values are
evaluated based on lower and higher values using
two random arithmetic values 0 and 9 (preference
numbers) as benchmarks. Equation (4) can be
used to evaluate the preference number N, on a
logarithmic scale.

(4)

In equation (4), A, represents the value of output
characteristic x. A’ is the lower value of output
characteristic x. O is a constant and can be
calculated using equation (5), only if A, = A*
(where A is the optimal value), then N, = 9.

The value of output response x is represented by
A, in equation (4). The lower value of output
response x is represented by A%. O is a constant
that can be found using equation (5) if A4, is equal
to the optimal value, denoted as A*. If this is the
case, then N,, is equal to 9. Therefore,

N, = 0 +log
= * —_—
p og AS(

o 9
T loaAs Q)
logA—;‘
The utility in its whole is expressed as:
k
U= W, (N 6
D Wiy (6)
Under the condition:
k
> we=1 (7)
x=1
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The S/N ratio concept developed by Taguchi
involves three different output characteristics:
nominal-is-best (NB), lower-is-better (LB), and
higher-is-better (HB). Among these, HB is
relevant for evaluating utility functions.

Therefore, when maximizing the utility function,
the output attributes considered in the assessment
process will be automatically optimized, either by
being minimized or maximized, depending on the
specific situation.

3. Results and discussion

3.1. BTE variations with load

The effectiveness of the IC engine in converting
and utilizing the chemical energy of fuel in the
form of mechanical energy is signified by BTE.
When using fuel blends in an IC engine, the BTE
may vary depending on the load. The BTE tends
to be higher at higher loads as more of the energy
in the fuel is being converted into useful work.
However, the BTE may be lower at low loads as
more of the energy in the fuel is being lost as heat
[36, 37]. The experimental values are displayed in
table 3. Utility function was applied and the fuel
WP40D60 corresponding to the highest value of
25.69 was assigned first rank for maximum BTE
(Table 3). A graphical representation of the
experimental data has been shown in figure 3. It
depicts the BTE variations of a coated piston with
plastic waste oil and diesel fuel under various load
conditions.

40
M Diesel
m WP10D90
WP20D80
0 20 40 60 80 100 W WP30D70
Load (%) B WP40D60

Figure 3. BTE variations with load.

The BTE of the engine increases as the load
increases; additionally, the combined calorific
value and density of the fluid flow play a major
role in attaining BTE. At a maximum load of
60%, the BTE was 26.08% for diesel with a plain
piston and 31.62% for a WP40D60 blend with a
coated piston. As a result, when compared to other
blends, WP biodiesel achieved a higher
combustion BTE and good thermal performance
in the WP40D60 combination. These outputs are
very close to a couple of findings discussed by
researchers [38—40].
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Table 3. Experimental values of BTE with load variation and overall utility.

Fuel U U, Us Us Us Us Uoverall Rank

Diesel 10.5 20.7 24.6 26.08 25.57 23.44 21.82 6
WP10D90 10.31 20.56 25.68 27.64 29.31 29 23.75 5
WP20D80 12.79 22.27 27.02 28.99 30.32 30.29 25.28 3
WP30D70 12.47 21.7 26.82 28.95 30.41 30.75 25.18 4
WP40D60 12.03 22.87 27.86 29.2 31.62 30.56 25.69 1
WP50D50 12.27 23.28 28.22 30.05 30.16 30.11 25.68 2

3.2. BSFC variations with load

BSFC is a measure of how much fuel an engine
consumes per unit of power output. It is typically
measured in grams of fuel per kilowatt-hour
(g/kWh) or pounds of fuel per horsepower-hour
(Ib/hph). BSFC is inversely proportional to the
thermal efficiency of the engine, meaning that the
lower the BSFC, the higher the thermal efficiency.
When using biodiesel blends in an IC engine, the
BSFC can be affected by several factors,
including the type of fuel used, the engine design,
and the operating conditions. The BSFC may vary
depending on the load. It is typically lower at
higher loads as more of the energy in the fuel is
being converted into useful work and less is lost
as heat. However, the BSFC may be higher at low
loads as more of the energy in the fuel is being
lost as heat [41-44]. The experimental values are
displayed in table 4. Utility function was applied
and the fuel WP40D60 corresponding to the
lowest value of 0.348 was assigned first rank for
minimum BSFC (Table 4). A graphical
representation of the experimental data has been
shown in figure 4.

1 -

= W Diesel

2 |

= 0.5 = WP10D90

-y

o WP20D80
0

;)

@ 0 20 40 60 80 100 W WP30D70

Load (%) = WP40D60

Figure 4. BSFC variations with load.

It depicts the BSFC variations of a coated piston
with plastic waste oil and diesel fuel under various
load conditions.

At any load condition, the better fuel had a lower
BSFC value. The BSFC of diesel and WP fuel
decreased as the engine load increased at all loads.
When loaded to 80%, WP30D70 has the lowest
BSFC value of all biodiesel blends. This is due to
the increased stability of the energy content and

combustion process which is further characterized
by Afsal et al. [45], Pandhare and Padalkar [46],
and Chiatti et al. [47] in their studies.

3.3. HC emission variations with load
Hydrocarbon (HC) emissions are a type of air
pollutant. They are composed of molecules made
up of hydrogen and carbon atoms and are created
when the fuel is not completely combusted in the
engine. These emissions are harmful to human
health and the environment and are one of the
pollutants regulated by the Environmental
Protection Agency (EPA) [48, 49]. The
experimental values are displayed in table 5.
Utility function was applied and the fuel
WP20D80 corresponding to the lowest value of
69.00 was assigned first rank for minimum HC
emissions (Table 5). A graphical representation of
the experimental data has been shown in figure 5.

__ 100
£ M Diesel

s

~ 50 = WP10D90
c

2 WP20D80
(7]

g 0 = WP30D70
L 0 20 40 60 80 100

T Load (%) = WP40D60

Figure 5. HC Emissions variations with load.

It depicts the HC emissions variations of a coated
piston with plastic waste oil and diesel fuel under
various load conditions. Unburned emissions of
HC are released into the environment during the
combustion of a heterogeneous air and fuel
mixture in a compression ignition engine. The
HCs in many blends have been increasing, and it
has been discovered that WP20D80 has lower HC
emissions at 20% load. As reported in previous
works of literature [50-53], high in-cylinder
temperatures and brisk combining of the fuel and
air mixture promote absolute combustion of the
fuel, lowering emissions of HC.
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Table 4. Experimental values of BSFC with load variation and overall utility.

Fuel U, U, Us U, Us Us Uoverall Rank

Diesel 0.75 0.38 0.32 0.304 0.31 0.338 0.400 6
WP10D90 0.769 0.386 0.309 0.287 0.271 0.273 0.383 5
WP20D80 0.639 0.357 0.294 0.274 0.267 0.264 0.349 2
WP30D70 0.655 0.353 0.279 0.277 0.259 0.263 0.348 1
WP40D60 0.668 0.35 0.288 0.277 0.256 0.262 0.350 3
WP50D50 0.674 0.355 0.291 0.27 0.268 0.269 0.355 4

Table 5. Experimental values of HC emissions with load variation and overall utility.
Fuel Uy Uz Us Us Us Us Uoverai Rank

Diesel 83 76 70 70 68 70 72.83 3
WP10D90 68 73 75 76 77 79 74.67 4
WP20D80 67 67 68 69 71 72 69.00 1
WP30D70 67 68 70 72 75 77 71.50 2
WP40D60 70 72 74 7 79 80 75.33 5
WP50D50 72 74 77 81 84 86 79.00 6

3.4. CO emission variations with load

Similar to HC emissions, CO emissions are also a
type of air pollutant regulated by the
Environmental Protection Agency (EPA). The
effect of fuel blends on CO emissions can vary
depending on the type of fuel used, the engine
design, and the operating conditions. In general,
biodiesel blends have been shown to reduce CO
emissions when compared to petroleum diesel.
This is because biodiesel contains fewer carbon

and hydrogen atoms than diesel, which means that
less CO is produced when biodiesel is combusted.
Biodiesel's high viscosity creates atomization of
fuel particles, and the formation of a regular fuel-
to-air ratio is tricky, which results in CO
emissions during combustion [54-56]. The
experimental values are displayed in table 6.
Utility function was applied and it was observed
that the diesel emits the lowest CO as compared to
the other fuel blends (Table 6).

Table 6. Experimental values of CO emissions with load variation and overall utility.

Fuel U U, Us Uy Us Us Uoverall Rank

Diesel 0.07 0.06 0.06 0.06 0.06 0.11 0.070 1
WP10D90 0.09 0.08 0.07 0.07 0.06 0.06 0.072 2
WP20D80 0.09 0.09 0.08 0.08 0.07 0.11 0.087 2
WP30D70 0.11 0.1 0.09 0.09 0.09 0.08 0.093 4
WP40D60 0.12 0.11 0.1 0.1 0.09 0.09 0.102 5
WP50D50 0.14 0.13 0.12 0.12 0.12 0.11 0.123 6

A graphical representation of the experimental
data has been shown in figure 6.

015
& H Diesel
n 0.1
g mWP10D90
'3 0.05
E WP20D80
w 0
[ ]

8 0 20 40 60 80 100 WP30D70

Load (%) = WP40D60

Figure 6. CO Emissions variations with load.
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It depicts the CO emissions variations of a coated
piston with plastic waste oil and diesel fuel under
various load conditions. The graph clearly shows
that CO emissions increase in all blend and load
combinations when compared to diesel.

3.5. NOx emission variations with load

Engineers and makers of diesel engines typically
plan for strict control of NOx emissions. Fuel
NOx is produced when nitrogen in the fuel reacts
with oxygen in the presence of combustion air to
produce nitrogen oxides. Gaseous fuels seldom
have this issue. However, fuel NOx can make up
as much as half of the overall NOx emissions in



Y. G. Praveen Kumar, et al. / Renewable Energy Research and Applications, Vol. 5, No 2, 2024, 181-193

oils with high levels of fuel-bound nitrogen.
Occasionally, prompt NOx production takes place
when ambient nitrogen reacts quickly with
hydrocarbon molecules. In most cases, the amount
of NOx produced immediately after combustion is
rather little. As NOx emissions are lowered
significantly, nevertheless, this source becomes
increasingly significant [57-59]. In compression
ignition engines, the amount of oxygen in the air,
the temperature of the flame, and the amount of
time since ignition are the key determinants of the
increase in NOx emissions. Additionally, NOx
levels are increased by a longer residence duration
at higher temperatures [60, 61]. This research
work, however, found that NOx emissions are
lower than those of diesel in all load conditions

except full load. Testing shows that reducing the
amount of diesel in a mix and increasing the
amount of biodiesel results in lower NOXx
emissions. Several researchers conducted tests of
biodiesel blends in internal combustion engines
and came up with findings that were comparable
to one another [62-65]. The experimental values
are displayed in table 7. Utility function was
applied and it was observed that all the fuel blends
significantly emit less NOx as compared to diesel
as shown in table 7. The result further recognizes
WP20D80 as the best fuel blend for low NOXx
emissions. A graphical representation of the
experimental data has been shown in figure 7
which shows that the NOx emissions are steadily
reduced with all combinations except at full load.

Table 7. Experimental values of NOx emissions with load variation and overall utility.

Fuel Us U, Us Us Us Us Uovera Rank
Diesel 133 297 558 720 764 801 546 6
WP10D90 137 267 460 626 685 844 503 5
WP20D80 110 232 385 492 610 757 431 1
WP30D70 94 275 441 537 749 819 486 3
WP40D60 93 225 423 639 743 885 501 4
WP50D50 84 195 272 548 710 917 454 2
1000 _ These values were brought on the same scale
T ® Diesel using equations 4 and 5. All these performance
& E WP10D90 characteristics have been treated equally. Using,
E 500 - equations 2 and 3, the individual utility functions
2 WP20D80 were calculated as shown in table 9. Overall, all
-E 0 = WP30D70 utility was cal_culated using e_quation 6, and the
F 0 20 40 60 80100 m WPAODE0 ranks were assigned as shown in table 10.
Z Load (%) WPS0D50 Table 9. Normalization and calculation of individual utility.
Fuel U, U, U, U, Us
Figure 7. NOx emission variations with load. Diesel 2.97 0.05 5.40 8.96 0.03
WP10D90 7.01 2.85 375 8.58 312
3.6. Selection of best fuel WP20D80 0.00 8.67 9.00 5.56 9.04
The implementation of the utility function was WP30D70 9.00 8.95 5.63 239 2.46
done for choosing the best fuel. In this regard, a WPA0D60 688 829 | 316 | 303 | 328
decision matrix was formed by_th_e accumulathn WPE0DE =5 =1 500 502 =03
of all the performance characteristics, as shown in

table 8.

Table 8. Formation of a decision matrix.

Fuel BTE BSFC HC CcO NOx
Diesel 28.09 0.400 72.83 0.070 546
WP10D90 32.40 0.383 74.67 0.072 503
WP20D80 25.28 0.349 69.00 0.087 431
WP30D70 34.77 0.348 71.50 0.093 486
WP40D60 32.26 0.350 75.33 0.102 501
WP50D50 33.35 0.355 79.00 0.123 454

Table 10. Overall utility and ranking.

Fuel Uoverall Rank
Diesel 3.46 6
WP10D90 5.06 3
WP20D80 6.45 2
WP30D70 6.69 1
WP40D60 4.96 4
WP50D50 4.50 5
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4. Conclusions and Future Scope

The current study looked into the feasibility of
employing plastic waste oil instead of diesel fuel
in the operation of a CI engine. The properties of
WPO have been tested at various proportions,
such as WP10D90, WP20D80, WP30D70,
WP40D60, and WP50D50. The performances of
WP and diesel were compared at these various
diesel/waste plastic oil blend proportions. Utility
function was also applied for the best fuel
selection. In addition, the effects of piston
coatings in engines on emissions are compared to
diesel. When comparing the results of all biodiesel
blends, the following conclusions were drawn:

¢ WP40D60 has a high BTE of 31.62 percent
at 80% load and the lowest BSFC value of
all biodiesel blends at 80% load.

e When compared to diesel, the WP40D60
emission model possesses the lowest level
of NOx fumes under no-load conditions,
whereas the WP20D80 yields lower HC-
derived emissions at 20% load. In all other
blends and loading arrangements, CO
emissions increase overall.

e The ranking of the best fuel for each
performance characteristic using the Utility
function is WP40D60 for BTE, WP30D70
for BSFC, WP20D80 for HC emissions,
diesel for CO emissions, and WP20D80 for
NOXx emission.

e Based on the overall performance
characteristics, the utility function approach
recommends WP30D70 as the best fuel for
a thermal barrier-coated Cl Engine.

o Lastly, thermal barrier coatings are put on
engine parts like pistons, valves, and
chambers to simulate adiabatic engines.
This lowers the amount of heat that is lost
from the cylinder, protects the metal parts
underneath from thermal fatigue, and
reduces the amount of pollution the engine
puts out.

The work may be further extended for
performance evaluation and optimization of
various process parameters in line with
sustainable  environmental conditions. The
possible future extensions of the work are
discussed as follows:

e For the same engine, the timing and
pressure of the injections can be changed to
get better combustion and less pollution.

o Installing after-treatment devices in the
engine's exhaust can lower emissions.
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e The engine's performance and emissions
can be improved by incorporating nano
additives and alcohols into the biodiesel.
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