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Abstract

Jack fruit peel oil JFPO) exhibits passive chemical characteristics; thereby, dual-fuel mode frequently involves hydrogen to
address its combustion difficulties. This strategy has been gaining prominence nowadays. The present investigation inves-
tigates on the performance, emission, and combustion characteristics of a direct injected compression ignition dual-fuel
engine operating on a binary fuel blend of jack fruit peel oil (JFPO) and diethyl ether with hydrogen induction. The engine
was operated by inducing hydrogen gas into the intake manifold of the engine at 8 and 10 LPM with the applied load ranging
from 25 to 100%. The test fuel was prepared by blending jack fruit peel oil and diethyl ether in the volumetric ratio of 90:10.
JFP brake thermal efficiency was 16% lower than diesel at full load but enhanced by 9% with direct hydrogen induction at a
knock limit of 10 LPM and 23% with JFP + H, + 10% DEE at maximum load. At maximum load, JFP + 10 LPM of hydrogen
gas + 10% DEE produces 916 ppm of NO,, which is 44.46% less than diesel. Furthermore, adding hydrogen gas and DEE to
air fuel mixture decreased emissions of carbon monoxide and unburned hydrocarbon by 0.702% and 28.30% opa, respectively.
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Introduction

Extensive research into clean, sustainable, technically
feasible, compatible, and universally acceptable energy
resources has been driven by rising energy demand, the
inadequacy of traditional fuels, soaring energy prices, and
environmental concerns arising from the exploitation of
petroleum fuels (Soudagar et al. 2019). Hazardous emis-
sions, including organic compounds that pose dangers
to human health including naphthalene, formaldehyde,
benzene, acetaldehyde, and acrolein, have significantly
increased as a result of the boom in the use of conven-
tional fuels (Saxena et al. 2017). As a result, significant
efforts have been made to lessen the negative effects of
conventional fuels on the environment.

The durability, high compression ratio, low fuel cost,
high thermal efficiency, and low maintenance costs of
compression ignition (CI) engines are well-liked; however,
they are associated with harmful exhaust pollutants (CO,
CO,, NO,, PM, UHC, soot, acrolein, and formaldehyde)
(Ospina et al. 2019), with NO, being a major concern
(Ospina et al. 2019; Chen et al. 2019). Energy research
efforts in the recent past have focused on low-NO, methods
development, using two primary strategies: (1) replacing
conventional fuels with LPG, CNG, biodiesel, and hydro-
gen fuel (Ashok et al. 2018) and (2) adding additives to
improve burning rates and lower emissions (Dinesha et al.
2019; Senthil et al. 2019). The favorable qualities of bio-
diesel and hydrogen gas, such as their appropriate oxygen
content, sulfur-free composition, ease of production, low
greenhouse gas emissions, and clean combustion, have
made them the focus of current study (Tayari and Abedi
2019).

There is an increasing need for resources because
the transportation industry uses two thirds of all energy
derived from natural resources. Overpopulation, indus-
trialization, and urbanization have increased demand,
which has led to pollution and other environmental prob-
lems (Manigandan et al. 2021). Carbon footprints, global
warming, and higher temperatures are all caused by pol-
lution. A move towards clean, eco-friendly, commercially
feasible, and energy-efficient fuel substitutes is required
to meet these issues (Boomadevi et al. 2021). Since bio-
diesel satisfies each of these requirements, it is clearly a
promising substitute. When compared to normal petrol,
biodiesel promotes environmental purity, ease of stor-
age, and less engine modification because it uses organic
materials rather than fossil fuels. It is often obtained from
recyclable renewable resources (Jjagwe et al. 2021; Van
Gerpen et al. 2007). Researchers like Igbokwe and Nwafor
(2016) used Nigerian palm kernel oil, Mostafa and El-
Gendy (2017) examined the fuel qualities of microalga

Spirulina platensis for use in internal combustion engines,
and Avulapati et al. (2016) used biodiesel in addition to
conventional fuel. The invention of vegetable oils as a new
fuel source for motors by Rudolf Diesel in 1895 gave rise
to biodiesel. The bulk of vegetable oils used in engines
include saturated hydrocarbons (Meher et al. 2006; Kes-
harvani et al. 2023; Barnwal and Sharma 2005).

Nanthagopal et al. (2018) and Tiwari et al. (2021) observed
that biodiesel blends improved engine performance by increas-
ing brake thermal efficiency and decreasing hydrocarbon (HC)
and NO, emissions. Additionally, Lee and Kim (2017), Thodda
et al. (2023), Rajpoot et al. (2023), and Ramasamy et al. (2023)
investigated alternate fuels and catalysts, showing the potential
of diethyl ether and acetylene in boosting engine efficiency and
lowering emissions. Soetardji et al. (2014) performed exten-
sive research on jack fruit peel, highlighting its potential as a
raw material for biofuel generation. The peel was collected
from a jack fruit chip manufacturer in East Java, Indonesia,
and subjected to a variety of assays, including ultimate and
proximate analysis, as well as ASTM-based heating value cal-
culation. The pursuit of sustainable and ecologically friendly
energy sources has resulted in substantial study into alternative
fuels, with biodiesel emerging as a promising option. The stud-
ies presented in this article illustrate the potential of biodiesel
and other alternative fuels to improve engine performance
while lowering harmful emissions, resulting in a cleaner and
more sustainable transportation sector.

Objective of the study and fuel preparation

The primary objective of this investigation is to explore the
possibilities of using CI engine petrol and jack fruit peel
oil as a sustainable feedstock for biodiesel. Owing to the
peel oil’s poor combustion properties, the traditional method
entails trans-esterifying it into biodiesel; however, this study
investigates an alternative by combining 10% by volume of
diethyl ether (DEE), an oxygenated additive, with jack fruit
peel oil. The purpose of the study is to assess how different
loads affect engine performance, combustion, and emissions
in relation to hydrogen induction. Table 1 shows the stand-
ards used for the measurement of properties. The investiga-
tion’s uniqueness pertains in its emphasis on the synergistic
benefits of hydrogen induction and an oxygenated ingredi-
ent, DEE, when combined with jack fruit peel oil. While
prior studies focused mostly on trans-esterification of peel
oil to biodiesel, this study takes a novel strategy, investigat-
ing the effects of combining an oxygenated additive with
hydrogen enrichment. The study’s original component is its
potential to improve engine characteristics using an innova-
tive combination of hydrogen and an DEE in a combustion
engine (CI) operating on jack fruit peel oil.
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Table 1 ASTM standards used for determination of fuel properties

Property Test standards

Biodiesel standards

ASTM D6751-15¢

EN 14214/14213 Method

Kinematic viscosity, ¢cST at 40 °C ASTM D445 1.9-6.0
Density at 15 °C, g/crn3 ASTM D1298 -
Lower heating value, kl/kg ASTM D240 -
Cetane index ASTM D976 Min 47
Flashpoint, °C ASTM D93 Min 93

3.5-5.0 Redwood viscometer

0.860-0.900 Pycnometer

Min 35,000 Bomb calorimeter

Min 51 Calculated based on API gravity and
mid-boiling point

Min 120 Pensky Martens apparatus (closed cup)

Table 2 Properties of diesel, jack fruit peel oil, diethyl ether, and
hydrogen

Fuel properties Diesel Jack Diethyl ether Hydrogen

fruit
peel oil
Density at 35 °C (kg/ 830 1200 713 0.08
m’)
Lower heating value 425 293 332 120
MJ/kg)
Viscosity (cST) 4 31.8 0.33 -
Cetane number 45 52 <125 -

Experimental setup
Hydrogen induction system

The engine was operated in the dual-fuel mode using 99.99
percent pure industrial hydrogen. Table 2 details the char-
acteristics of hydrogen fuel. A hydrogen induction input
system was developed, comprising a hydrogen gas cylin-
der, dry and wet flame arrestors, a fuel flow meter, and a
venturi. A two-stage pressure regulator in the induction
system reduced hydrogen cylinder pressure from 220 to
1.5 bar for usage in the engine. Wet flame arrestors are
filled with 1/3 pint of water, and regulator-fed hydrogen
gas passes through these. On the other hand, hydrogen is
provided via a dry flame arrestor. Two flame arrestors are
used to prevent flashback from occurring during hydrogen

Fig. 1 Hydrogen supply system
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combustion. Figure 1 represents the schematic diagram of
hydrogen supply system.

Test rig

A Kirloskar single-cylinder, water-cooled, four-injection, natu-
rally aspirated diesel engine generating 5.2 kW of power at
1500 rpm was used during all experiments. Table 3 provides
the technical details, and Fig. 2 depicts the experimental set-
up’s construction. The engine was linked up to an electrically
powered eddy current dynamometer for load monitoring and

Gas flow meter¥1
™7
pressure regulator

Table 3 Engine specifications

Make and model Kirloskar TV1

Engine type Single-cylinder, water-cooled,
direct injection, constant
speed

Bore (mm) 87.5

Stroke (mm) 110

Compression ratio 17.5:1

Rated power at 1500 rpm 52kW

Injection pressure (bar) 200

Injection timing 23°bTDC

Number of injector nozzle holes 3

Nozzle diameter 0.280 mm

Injection pressure 210 bar

Control mechanism Governor

Piston geometry

Hemispherical

Flame arrester—

as carburettor
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Fig.2 A schematic representation of the experimental setup

adjustment. A burette and timer were used to track volumetric
fuel consumption, while a type K thermocouple with a digital
display was used to detect exhaust gas temperature. Emissions
of HC, NO,, CO,, and CO were measured with an AVL di-
gas 444 model analyzer equipped with non-dispersive infrared
(NDIR) technology. An AVL 437C-type opacimeter was used
to measure smoke opacity via light extinction. The calibra-
tion of gas analyzers was done before the experiment. Crank
angle was recorded by flywheel encoders, and cylinder pres-
sure was collected by Kistler pressure gauges that were inte-
grated with computerized data collection systems. The ‘Engine
Soft” program computed the in-cylinder pressure, heat release
rate, ignition delay, and combustion duration. Data were col-
lected over 100 cycles and the average was calculated to reduce

Pressure
transducer

cycle-to-cycle fluctuation. Table 4 describes the equipment
accuracy and the uncertainty for this study. Brake power (BP)
values of 1.3 kW, 2.6 kW, 3.9 kW, and 5.2 kW were used in all
tests at 1500 rpm, ranging from low to high loads. Throughout
the experiment, the direct injection pressure remained constant
at 210 bar and the injection time was fixed to 23°bTDC. All
testing were carried out without modifying the test engine.
The parameters were determined using the average value of
five measurements.

Fuel preparation and tests

The jack fruit peel was washed multiple times with tap
water to get rid of organic materials and dirt preceding

Table 4 Ranges and measuring

. . Measurement Accuracy % Uncertainty Measurement technique

technique of various

instruments Load +0.1 kg +0.55 Strain gauge-type load cell
Speed +1rpm +0.07 Magnetic pickup type
Burette fuel measurement +0.1 cc +1 Volumetric measurement
Time +0.2s +0.2 Manual stop watch
Manometer +1 mm +1 Principle of balancing column of liquid
CcO +0.02% +0.2 NDIR principle
HC +20 ppm +0.2 NDIR principle
CO, +0.03% +0.15 NDIR principle
NO +10 ppm +1 Electrochemical measurement
Smoke + 1% opacity +1 Opacimeter
EGT indicator +1°C +0.15 K-type thermocouple
Pressure pickup +0.5 bar +1 Piezoelectric sensor
Crank angle +1° +0.2 Magnetic pickup type
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utilizing. After cleaning, the jack fruit peel was oven-
dried at 100 °C for 24 h to reach a moisture content of
5%. After drying, the jack fruit peel was finely powdered
to 80/100 mesh. The ultimate analysis of the jack fruit
peel was performed using a Perkin-Elmer 2400 CHNS/O
elemental analyzer, while normal ASTM protocols were
used for proximate analysis, which included water, ash,
and volatile matter. The ultimate examination of the jack
fruit peel was performed using a Perkin-Elmer 2400
CHNS/O elemental analyzer, while normal ASTM pro-
tocols were used for proximate analysis, which included
water, ash, and volatile matter. The fixed carbon content
was calculated by subtracting the percentages of moisture,
ash, and volatile matter from 100%. The heating value
of the jack fruit peel was determined to be 17.9 MJ/kg
using the ASTM procedure D5865-12 in an oxygen bomb
calorimeter. The different combinations of fuels used for
testing are (1) JFP100 — jack fruit peel biodiesel, (2)
JFP100 + H, — jack fruit peel biodiesel with hydrogen
induction (8 and 10 LPM), and (3) JFP100 + 10 LPM
H,+ 10% DEE — jack fruit peel biodiesel blended with
DEE and hydrogen induction as secondary fuel. The fuel
properties are shown in Table 2.

The experimental analysis was conducted in a single-
cylinder water-cooled diesel engine. The engine was made
to operate at 4 different load conditions with the load
interval of 25%. Hydrogen gas was inducted into the man-
ifold at 8 and 10 LPM, respectively. In order to improve
the reactivity of the fuel DEE was directly blended with
the test fuel with 10% on volumetric basis. The jack fruit
peel oil without being trans-esterification was used a
direct injected fuel in this analysis. The mixing ratio and
the hydrogen gas flow rate were selected based on the
existing literature survey. A clear and through uncertainty
analysis was conducted to determine the repeatability/
uncertainty error percentage of the experimental analysis
which is shown in Table 4 and 5.

Table 5 Uncertainty of various parameters

Parameters % Uncertainty
Brake power +0.55

Brake thermal efficiency +0.334
Brake-specific energy consumption +1.13

CO, emission +1.45

NO emission +1.75

Smoke opacity +1

HC emissions +1.45

CO emission +1.45

@ Springer

Performance analysis
Brake thermal efficiency

Figure 3 shows how the BTE changes for diesel engines
with different loads: JFP100, JFP100 with hydrogen
induction (8 and 10 LPM), and JFP100 plus 8§ LPM
H, + 10% DEE. When the engine is at its max load, the
BTE for diesel is found to be 30.31%, while the BTE for
JFP100 is found to be 24.45%. Different physical proper-
ties of JFP100 led to an inefficient burning process, which
led to a lower BTE. Because hydrogen burns quickly and
has a high calorific value, knock-limited hydrogen and
JFP100 showed increased efficiency work well together.
The performance of JFP100+ 10 LPM H, + 10% DEE was
much better than adding hydrogen or using clean JFP100.
At full load, the BTE for JFP100+ 10 LPM H, + 10%
DEE was raised to 31.2%, which is higher than diesel
at full load. This could be because it has much better
physical qualities, like a much higher cetane index and
less density and viscosity (Thangavel et al. 2023). All of
these things led to better results from the DEE addition.

Brake-specific energy consumption

Diesel engine, JFP100, JFP100 with hydrogen induction (8
LPM and 10 LPM), and JFP100+ 10 LPM H, + 10% DEE
were all tested for their brake-specific energy consumption
(BSEC) under varying loads, as shown in Fig. 4. Diesel has
a BSEC of 11.87 MJ/kWh, while JFP100 BSEC is 14.14 MJ/
kWh. Since JFP100 has a lower calorific value and a higher
viscosity, it burns less efficiently, leading to higher fuel con-
sumption. Since hydrogen has a larger calorific value and
the flame speed of JFP100 hydrogen induction is increased,
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Fig.3 BTE for CASO, CASO+H,, and CASO+H, +DEE at full load
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load

the same amount of power can be generated with less
fuel. Improved combustion is indicated by a lower BSEC
for JFP100+H, at 10 LPM (11.41 MJ/kWh) compared to
JFP100. By adding DEE in the future, JFP100+ 10 LPM H,
will have better physical properties and burn more efficiently
than diesel (Yusri et al. 2019).

Emission parameters
Oxide of nitrogen

Figure 5 shows the NO, emissions of diesel, JFP100, JFP100
with different amounts of hydrogen added, and JFP100+ 10
LPM H, + 10% DEE under different loads. NO, fumes are
caused by too much oxygen and a high temperature during
combustion. At full load, diesel emissions are 1698 ppm and
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Fig.5 NO, emissions for CASO, CASO +H,, and CASO +H,+DEE
at full load

23815
100 [ Diesel
=1 JFP100
1|1 JFP100+81pm
=1 JFP100+10lpm
80 - [ JFP100+10lpm+10%DEE|

«
g
P

= 60
g

o 40+
-
<
=
w

20

0 -

13 26
BP in KW
Fig.6 Smoke emissions for CASO, CASO+H,, and

CASO +H, +DEE at full load

JFP100 emissions are 1329 ppm. Low NO, emissions are
caused by the fact that JFP100 does not burn well, which
makes it burn at a lower temperature because it does not pro-
duce as much heat overall. NO, output went up to 1720 ppm at
full load after hydrogen was added. Hydrogen has a high calo-
rific value, so it raises the temperature of burning. This makes
more NO emissions, which is indigent. Also, because hydro-
gen has a low cetane index, it takes longer to flame propaga-
tion, which means it gives off more NO. Also, when DEE was
added to JFP100, the amount of NO emissions was even lower
than with diesel and JFP100. This could be because JFP100
fuel contains DEE, which has a higher auto-ignition tem-
perature and is more volatile, so it chooses a shorter ignition
delay effect during combustion. At full load, the JFP100+ 10
LPM H, +10% DEE has 916 ppm of NO,, pollution, which is
about 46.05% less than diesel (Subramanian et al. 2020). An
upsurge in the temperature of exhaust gases generally results
in higher NO, emissions because it improves the combus-
tion process and promotes the generation of nitrogen oxides.
When 10 L per minute (LPM) of hydrogen and diethyl ether is
added to the combustion process, some impacts on NO, emis-
sions can be seen. Hydrogen, as a high-octane fuel, burns at
greater temperatures, thus raising the EGT and thus boosting
NO, emissions. Diethyl ether, on the other hand, has distinct
combustion properties that may impact combustion chemistry
and counterbalance temperature rise, thereby decreasing NO,,
generation. Understanding the relationship between exhaust
gas temperature and the addition of hydrogen and diethyl ether
is critical for optimizing combustion processes and reducing
environmental effect (Soudagar et al. 2018).

Smoke emissions

Soot formed in the exhaust as fuel was injected up until the
diffusion combustion phase. Different test fuels and loads
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appear to account for the various degrees of smoke opac-
ity depicted in Fig. 6. At full throttle, the smoke opacity
of diesel is 66.2% opa, while that of JFP100 is 89.3% opa.
According to the results of the JFP100 study, increased
smoke emission is the result of lower quality physical char-
acteristics, such as greater density and viscosity, which lead
to inefficient molecular breakdown during burning and the
subsequent generation of soot particles. Hydrogen reduces
smoke opacity by 28.30% compared to JFP100. Hydrogen
gas, being a carbon-free fuel, helps reduce smoke emissions.
Hydrogen, when combined with a high combustion tem-
perature, aids in the oxidation of the unburned soot particles
in the combustion chamber, leading to less smoke opacity
in the exhaust. With JFP100+10 LPM H, + 10% DEE,
smoke opacity was slightly reduced compared to JFP100.
Although JFP100+ 10 LPM H, + 10% DEE improved per-
formance, the shorter stage of premixed combustion caused
by the higher cetane index of a fuel resulted in slightly less
smoke opacity (Muthukumaran et al. 2015). The fuel higher
cetane index accounted for this. One possible explanation is
because DEE has too many oxygen atoms.

HC emission

In a CI engine, many things can happen at the same time,
such as burning, mixing of burned and unburned gas, fuel
injection, evaporation, mixing of fuel and air, and atomiza-
tion. HC fumes were made when fuel was burned for many
different reasons. Most hydrocarbon fumes come from cool-
ing the cylinder walls and not mixing the fuel well enough.
Hydrocarbon gas that has not been burned and is stuck
in the cracks of the engine cylinder is another source of
HC fumes. Figure 7 shows the HC emissions for gasoline,
JFP100, JFP100 with different amounts of hydrogen added,
and JFP100+ 10 LPM H, +100% DEE at different loads.

52
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=
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Fig.7 HC emission for CASO, CASO+H,, and CASO+H,+DEE
at full load
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When both diesel and JFP100 are running at full power,
they put out 75 and 122 ppm of HC, respectively. Because
JFP100 is thicker and denser, it makes the mixture of fuel
and air less efficient, which makes more hydrocarbons (HC)
than other fuels. Also, the quench distance is longer because
JFP100 causes poor combustion, which stops the spark from
spreading to the cylinder walls. Because hydrogen has a
faster flame speed, adding hydrogen is a good way to speed
up burning. Because hydrogen burns faster, adding it to a fire
makes it burn better. With the help of hydrogen, the flame
can get closer to the cylinder sides. This cuts down on the
distance it takes to put out the flame and the amount of HC
that is released. The least amount of HC was released by
JFP100+ 10 LPM H, + DEE10. Because the cetane index
and other physical properties have gotten better, HC emis-
sions have gone down. With JFP100+ 10 LPM H, + DEE10,
oxidizing unburned HC emissions is helped by a higher
burning temperature (Martin et al. 2012).

CO emissions

CO emissions vary for diesel, JFP100, and JFP100 with
variable hydrogen induction as shown in Fig. 8. The com-
bustion process generates a certain quantity of CO as an
intermediate species, and this amount is proportional to the
air-to-fuel ratio. Combustion in CI engines is facilitated by
a large quantity of oxygen thanks to the aspiration of air that
happens naturally in these engines. This helps explain why
CI engines, compared to gasoline engines, will produce less
carbon monoxide. Diesel has a 0.164% vol CO emission
rate, while JFP100 rate is 1.165%. Incomplete combustion is
possible due to JFP100 poor physical properties, such as its
high density and viscosity, which increase CO production.
Low combustion temperatures, the result of poor combus-
tion, delay CO oxidation. The volume of carbon monoxide
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Fig.8 CO emissions for CASO, CASO+H,, and CASO+H,+DEE
at full load
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emissions has dropped to a historic low of 0.702% vol for
JFP100 + H,. Hydrogen absence of carbon and its ability
to improve combustion made this reduction achievable. At
greater combustion temperatures, the intermediate species
CO is transformed to carbon dioxide. However, hydrogen
induction dilutes incoming air, reducing available oxygen.

CO emissions for JFP100+ 10 LPM H, + 10% DEE
at maximum load is 0.60% volume due to hydrogena-
tion improved fuel properties. We improved combustion
over direct hydrogen induction by increasing density and
viscosity.

Combustion characteristics

Figure 9 shows that the peak pressure for diesel, JFP100,
JFP100 with hydrogen induction (8 and 10 LPM), and
JFP100+ 10% DEE + 10 LPM are 68.48, 67.39, 68.16,
72.04, and 74.25 bar. The decreased value for JFP100 is
due to poor physical properties.

Hydrogen induction lowers air temperature, extending ID.
The extended ID period allows fuel more time to prepare
for combustion, which is the only cause of peak pressure
rise. JFP100 peak hydrogen energy sharing pressure around
72.04 bar. In comparison to diesel, JFP100+ 10% DEE + 10
LPM hydrogen has the highest peak pressure. DEE in fuel
increases peak pressure because hydrogen has a better heat-
ing value and DEE has high self-ignition temperature.

Figure 10 shows that the HRR for diesel, JFP100,
JFP100 with hydrogen induction (8 and 10 LPM), and
JFP100 + 10% DEE + 10 LPM are 65°J/CA, 59°J/CA,
65°J/CA, 70°J/CA, and 72.5°J/CA. Due to inadequate
fuel preparation during combustion, JFP100 has a lower
HRR than diesel. Biofuel’s viscosity, density, and lower
heating value affect fuel preparation. Lower HRR raises
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80 1 JFP100+8 H2
JFP100
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g 60 / / \\ \
[ / /
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3 o / AN &
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[}
2 / % / ) \\
= 804 % / \\
o // / N
c P =X
=204
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: : : : . r : Y
340 350 360 370 380 390 400 410
Crank angle °CA

Fig.9 Peak pressure for CASO, CASO+H,, and CASO +H,+DEE
at full load
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load

BSFC, reducing brake power. Figure 10 indicates that
hydrogen raises the HRR and will continue to raise it
for DEE fuel with hydrogen. This is due to hydrogen’s
longer ID and fast flame velocity. The higher HRR in
premixed combustion raises combustion chamber tem-
perature, increasing NO emissions as shown in the NO
emission (Deshwar et al. 2023).

A comparison of the ignition delay and combustion dura-
tion for diesel, JFP100, JFP100 with hydrogen induction (8
and 10 LPM), and JFP100+10% DEE 4 10 LPM is shown
in Fig. 11. The ID is located between the injection and com-
bustion processes. There are two phases to identification:
chemical lag time and physical delay, which includes the
process of preparing fuel for combustion and igniting it
automatically. In the case of DEE mixed fuel, the ID period
is continuously evolving with 10 LPM hydrogen gas; it is
somewhat increased compare to JFP100. ID values of 12°CA

Ignition delay and Combustion duration
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Fig. 11 ID and CD for CASO, CASO +H,, and CASO +H, +DEE at
full load
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and 10°CA are assigned to JFP100 and diesel when they are
fully fueled, respectively.

Figure 11 shows the CD for diesel, JFP100, JFP100 with
hydrogen induction (8 and 10 LPM), and JFP100+ 10%
DEE + 10 LPM. CD is primarily affected by air and fuel
injection. Regionally produced fuel-air combinations that
are rich oxidize at a slower rate. Both diesel and JFP100
with hydrogen induction (10 LPM) have a combustion time
of 55 °C. In addition to increasing the rates of JFP100 with
hydrogen induction (10 LPM) combustion, fuel spray fea-
tures also improve diffusion combustion. The addition of
DEE to pilot fuel at a volume of 10% resulted 54°CA is
decreased compared to JFP100 with hydrogen induction
(10 LPM), respectively. The combustibility of hydrogen and
DEE helps to reduce CD because high flame speed, quench-
ing distance, flame fronts, and octane number all contribute
to a reduction in the amount of time required for combustion.

Conclusions

In this study, the use of JFP100 oil as a primary fuel alter-
native for petrol was investigated. Hydrogen was added by
mixing and induction, and DEE was added as an additive
to improve the overall performance. The study sought to
determine the engine’s performance, emissions, and com-
bustion characteristics. The further investigation produced
the following observations:

1. Brake thermal efficiency: JFP100 exhibited lesser brake
thermal efficiency than diesel; however, the introduc-
tion of hydrogen in DEE improved efficiency. Specifi-
cally, JFP100+ 10 LPM H, + 10% DEE outperformed
JFP100+ 10 LPM H, + 10% DEE.

2. Hydrogen addition impact: Adding hydrogen to DEE-
mixed fuel accelerated and improved combustion, result-
ing in lower fuel usage.

3. Emission characteristics: JFP100 had lower NO, emis-
sions than petrol but produced more smoke. The injec-
tion of hydrogen reduced smoke output, but with an
increase in NO, levels. JFP100+ 10 LPM H,+ 10%
DEE, with a high cetane number, emits less NO,.

4. Hydrocarbon (HC) and carbon monoxide (CO) emis-
sions: Compared to the base fuel, JFP100+ 10 LPM
H, + 10% DEE had lower HC and CO emissions.

5. Ignition delay: JFP100 showed a larger delay in start-
ing than JFP100 with hydrogen induction. JFP100+ 10
LPM H, + 10% DEE, with its high cetane index, has the
shortest igniting delay.

The findings of these studies highlight the possibility for

increasing JFP100 combustion and operational efficiency
by adding and combining hydrogen with DEE. In terms

@ Springer

of efficiency and pollution management, a JFP100+ 10
LPM H,+ 10% DEE engine performed better than a direct
hydrogen induction CI engine. Using JFP100 in CI engines
without going through the trans-esterification process, the
dual-fuel method and blending approach provide a feasible
alternative.

Future scope of work

More research could be done to improve performance by
adding alcohol and an after-treatment device so that emis-
sion parameters can go down in the future.
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