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ABSTRACT

Diesel engines are frequently used because of their high efficiency and durability. However, they are also known for emitting high
amounts of pollutants, including CO,, CO, NOy and particulate matter. Current studies have focused on alternate fuel techniques to
reduce these emissions. An effective method involves using oxyhydrogen (HHO) with diesel and biodiesel can increase combustion
efficiency and minimize harmful emissions. Additionally, HHO serves as a viable alternative to hydrogen, especially considering the
current challenges in global hydrogen production and storage, which may not be sufficient to meet the increasing demand for
transportation applications. Hence, the current study investigated the effect of using a diesel-HHO dual fuel on the emission
characteristics of a single-cylinder, four-stroke diesel engine. The engine was operated at a constant speed of 1500 rpm and was
tested under varying loads of 0%, 50% and 75%, with diesel (D100) serving as the primary fuel and HHO gas as the inducted fuel.
The HHO gas, produced at a constant flow rate of 0.80 LPM through alkaline water electrolysis was continuously injected into the
combustion chamber through air suction manifold. The results revealed that compared to diesel fuel, the injection of HHO has
increased the CO, emissions by 23.08, 23.81 and 20.0% at an engine load of 0, 50 and 100%. The CO emissions were reduced by
23.53, 34.78 and 41.38% at 0, 50 and 100% engine load. Similarly, the HC emissions were reduced by 26.09, 23.08 and 23.33% at 0,
50 and 100% engine load. The NOy emissions were increased by 25.0, 10.53 and 4.17% at 0, 50 and 100% engine load. Overall,
introducing HHO has increased the CO, and NOx emissions as the hydrogen and additional oxygen in the HHO gas promote more
complete combustion and higher combustion temperatures. However, this enhancement in combustion efficiency has resulted in a
significant reduction in CO and HC emissions.
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1. Introduction

Internal combustion (IC) engines are known for their excellent thermal efficiency, wide power
range and good fuel economy and they are widely used as power sources in many engineering sectors
[1,2]. However, rapid advancements in science and technology have led to increased energy
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consumption and pollution. The world consumes approximately 3.30-3.50 billion tons of fossil fuels
annually and maintaining the balance between fossil fuel storage and consumption is highly
challenging. There is a risk that fossil fuels may become unavailable in the future [3,4]. Moreover, the
combustion of fossil fuels releases hazardous pollutants such as carbon dioxide (CO;), carbon
monoxide (CO), nitrogen oxides (NOx) and smoke, which are major contributors to global warming
[5-7]. Various low-carbon renewable fuels like methanol, butanol, dimethyl ether, biodiesel and
biodiesel-emulsified fuel [8-10] have been extensively studied and used in diesel engines. However,
even with the adoption of these fuels, they alone are insufficient to completely reduce carbon
emissions [11].

Hydrogen (H2) is favoured among various gaseous fuels because of its superior performance and
lower emissions, attributed to its carbon-free nature and high calorific value [12,13]. However, its
high auto-ignition temperature makes direct use in Cl engines challenging. Therefore, Cl engines can
operate in dual fuel mode, with diesel as the primary fuel and H; as the inducted fuel [14,15]. Due to
its status as the lightest element, hydrogen has a very low density, which presents significant storage
challenges. Additionally, the annual demand for H; surpasses its supply, creating a major hurdle for
power production applications due to its limited availability [16].

Researchers are investigating alternative hydrogen (H.) production methods and utilization in the
energy and automotive sectors to tackle these challenges. One promising approach is
electrochemical H, production through water electrolysis, also known as oxy-hydrogen (HHO) gas,
which is considered a renewable energy source for heat and power applications, including in vehicles.
An electrical current splits water molecules into H; and O3 gases during the electrolysis process. The
electrodes are immersed in an electrolyte solution, with H; gas produced at the cathode and oxygen
gas at the anode [17,18]. Common electrolytes used in water electrolysis due to their high reactivity
include potassium hydroxide, sodium hydroxide and sodium chloride. HHO gas has garnered
attention as a renewable energy source because it is a clean-burning fuel that produces only water
as a by-product during combustion. Additionally, it can be produced locally or on demand using
various energy sources like solar and wind energy, making it a compelling alternative to traditional
fossil fuels for a wide range of applications [19].

The impact of adding HHO as an inducted fuel with diesel as the primary fuel has been
investigated in various studies. For instance, Sharma et al., [20] produced HHO gas through water
electrolysis and used it as an inducted fuel at different flow rates (0.25-0.75 LPM) to examine engine
performance and emissions. At the maximum flow rate of 0.75 LPM, emissions of CO, HC and smoke
were reduced by 49.0%, 60.0% and 58.0% respectively, compared to diesel. Rimkus et al., [21] used
a diesel-HHO dual fuel setup to study its effects on engine performance and emissions at various
engine speeds (1900-3700 rpm) and loads (25-100%), maintaining a constant HHO flow rate of 3.0
LPM. The addition of HHO reduced CO, HC and smoke emissions by 15.0%, 9.0% and 25.05%,
respectively. However, it also increased CO; and NOy emissions by 6.0% and 10.0%, respectively.
Jaklinski et al., [22] investigated engine emissions by supplying HHO gas at different flow rates (1.0-
3.0 LPM). Their findings indicated that while HHO addition reduced CO and HC emissions, it led to an
increase in NOx emissions. Furthermore, Sharma et al., [23] conducted an experimental study on the
effect of HHO addition on engine performance and emissions at a constant speed of 1500 rpm. Their
findings showed that adding HHO reduced CO and HC emissions but increased NOyx emissions by
35.0% compared to diesel.

Furthermore, Thangaraj et al., [24] utilized HHO gas with a flow rate of 0.73 LPM into the suction
line of a single-cylinder, four-stroke diesel engine led to significant changes in emission
characteristics. They found that the CO emissions were reduced by 19.4, 64.3 and 34.6% at 25, 50
and 75% load. HC emissions decreased by 11.3 and 33.5% at low and full loads. However, NOx
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emissions increased slightly, with a rise of 1.79 and 1.76% at 75% and full load conditions compared
to neat diesel operation. Selvi Rajaram et al., [25] investigated the effect of HHO addition on the
emission performance of a single-cylinder, four-stroke diesel engine. Introducing HHO with a flow
rate of 1.0 and 3.3 LPM led to significant changes in emission characteristics. The results showed that
with the induction of HHO gas, CO emissions decreased by 15.38% and HC emissions decreased by
18.18%. However, CO, emissions increased by 6.06% and NOx emissions increased by 11.19%.
Kamaraj et al., [26] injected onsite HHO production (average 4.0 LPM) into the intake manifold of a
Cl engine to improve fuel economy and reduce emissions. The results showed that CO emissions were
reduced by 25%, HC emissions by 22.22% and smoke emissions by 11.38%. However, CO; emissions
increased by 3.41% and NOx emissions increased significantly by 22.43%. The study highlighted that
these changes were achieved without significant modifications to the engine, though the exact HHO
flow rate was not specified.

The current study investigated the effect of diesel-HHO dual fuel with diesel (D100) as primary
fuel and HHO as inducted fuel on the emission characteristics of a single-cylinder, four-stroke diesel
engine operated at a constant 1500 rpm and various engine loads (0, 50 and 100%). An HHO
generator produces 0.8 LPM of gas through alkaline water electrolysis was continuously supplied
through the air suction manifold. The study revealed that H, in HHO gas has notably increased the
combustion temperature, which resulted in higher CO2, emissions. The study further highlighted that
the additional oxygen present in HHO promoted more complete combustion, thereby leading to
higher NOx emissions. However, the use of D100-HHO dual-fuel noticeably reduced CO and HC
emissions due to the more efficient and complete combustion process. This research provided
valuable insights into the trade-offs associated with using HHO as a supplementary fuel in diesel
engines and contributed to a better understanding of how dual-fuel systems can be optimized for
improved emission control.

2. Methodology
2.1 HHO Generator

As shown in Figure 1, the HHO gas was continuously injected into the combustion chamber
through the air suction manifold. The HHO generator was capable of producing 0.8 LPM of HHO gas
using a DC power supply rated at 12 V and 3 amps. To facilitate the electrolysis process, 25 gm of
potassium hydroxide (KOH) mixed with one litre of distilled water was used as an electrolyte solution.
The KOH increases the electrical conductivity of water, making the electrolysis process more efficient.
During the electrolysis process, water molecules (H,0) were split into their constituent elements. At
the anode (the positive electrode), oxygen was produced, while at the cathode (the negative
electrode), hydrogen was produced. The separation of hydrogen and oxygen at their respective
electrodes is a critical aspect of the electrolysis process, ensuring that the gases are produced in their
pure forms. For the engine applications, the hydrogen and oxygen were mixed together and injected
into the combustion chamber. This is because the engine requires pure oxygen to achieve complete
combustion, whereas atmospheric air is composed of approximately 21% O, and 79% N». Thus, the
extra O; in the HHO gas could further improve engine combustion and reduce harmful emissions.
This setup ensures a continuous and efficient production of HHO gas for the experimental analysis.
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Fig. 1. HHO generator integrated with the air suction manifold of engine
The specifications of the various components of the HHO generator are shown in Table 1.

Table 1
Materials and specifications of different components of
the HHO generator

Components Materials and specifications

Dry cell reactor Grade 316L stainless steel plates
Plate thickness 1.5 mm

X-cell reactor Titanium Grade A

Plate thickness 1.2 mm

Gasket seal Rubber sheet (chemical resistant)
Electrolyte Potassium hydroxide (KOH)

Body and reservoir Acrylic and polypropylene
Box/body/tank 304 stainless steel plates

HHO production capacity 0.80 LPM

2.2 Experimental Setup

This study employs a single-cylinder, four-stroke, air-cooled diesel engine, as specified in Table 2,
to conduct the experiments. The engine was operated under an environmental temperature of 27°C
and at atmospheric pressure throughout the experiments. To facilitate accurate performance and
emission testing, the dual-fuel engine was connected to an electrical dynamometer, which
maintained a constant engine speed of 1500 rpm while varying the load from 0% to 100%. The engine
load was applied using a resistive load bank connected to the dynamometer, which was coupled to
the engine shaft.

Table 2

Specifications of the diesel engine

Engine type 250cc, air-cooled, DI, diesel engine
Max. power 6.5kw @ 8200rpm

Max. torque 9.0 Nm @ 4000 rpm

Compression ratio 20:1

Displacement volume 435 cm?

Bore x stroke 86x75 mm

Fuel delivery advance (°CA) 21 BTDC

To prevent overheating, a cooling system was connected to the engine. The schematic of the
experimental setup with the HHO generator is illustrated in Figure 2.
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Fig. 2. Schematic of the experimental setup with HHO generator

The accuracy of the pressure sensors and gauges employed in the experiments is detailed in Table
3. The air intake temperature was regulated using an intercooler, maintaining it at a constant 28 +
1°C. Additionally, the engine temperature was controlled using a cooling water system, which kept it
steady at 80 £ 2°C. For precise measurement of the engine intake vacuum temperature and pressure,
a K-type thermocouple temperature sensor (with a range from 0 to 1100 2C) and a pressure sensor
(with a range from -1 to 1 bar) were installed. It is important to note that throughout all experiments,
the injection quantity of diesel was adjusted as necessary to ensure that the engine speed remained
constant at 1500 rpm. This particular setup and control allow for a comprehensive evaluation of the
engine's performance and emission characteristics under various operating conditions.

Table 3

Specifications and accuracy of the engine instruments
Instrument Range Accuracy
Pressure gauge 0-200 bar 1%
K-type thermocouple 0-1100 °C +0.1°C
Fuel flow burette 0-100 ml 1%
Crank angle encoder 0-360° 1%

Torque measuring instrument  0+100 to 0+5000 Nm  0.05%

This research utilizes the Kane AUTO Plus Exhaust Gas Analyzer, a portable and lightweight
handheld device specifically designed for emission diagnostics. This advanced analyser is capable of
measuring five different gases: Carbon dioxide (CO,), Carbon monoxide (CO), Oxygen (O2),
Hydrocarbons (HC) and Nitrogen oxides (NOy). In addition to these gas measurements, the device
also records the exhaust temperature, which provides valuable supplementary information on the
emission characteristics of the engine. The Kane AUTO Plus Exhaust Gas Analyzer is equipped with
high-precision sensors to ensure accurate and reliable data collection, making it an essential tool for
analysing exhaust emissions in various engine conditions. The specifications and accuracy of the
analyser are detailed in Table 4.
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Table 4
Specifications and accuracy of the
gas analyser

CO, 0-16 % +0.1%

co 0-10 % +0.01%

HC 0-5000 ppm  +1%

NO,  0-5000 ppm  +0.1%

02 0-21% +0.1%

3. Results
3.1 Emissions Characteristics
3.1.1 CO; emissions

CO2 emissions result from the incomplete oxidation of carbon in the fuel, contributing to global
warming. Reducing the carbon content in the fuel can lead to lower CO, emissions and improving the
combustion process can also help decrease CO; output [27]. Typically, D100 combustion results in
the highest CO. emissions, which increase with the increase in engine load due to the rise in the
equivalence ratio. Introducing HHO gas into the combustion chamber has further increased the CO;
emissions. For instance, at no load conditions, the CO, emissions using only diesel were 1.3, 2.1 and
5.0% at 0, 50 and 100% engine load. In contrast, as shown in Figure 3, the CO; emissions using HHO
with D100 were further increased to 1.6, 2.6 and 6.0% at 0, 50 and 100% engine load.

The increase in CO; emissions when using dual fuel can be attributed to several factors. Firstly,
the induction of HHO in a diesel engine enhances the combustion efficiency of diesel fuel. The high
flame speed of H; gas leads to a more complete and faster combustion process, which results in
higher CO; emissions [28]. Additionally, the extra oxygen present in HHO gas can raise the flame
temperature during combustion. The higher combustion temperatures promote the complete
oxidation of carbon-containing species, thus converting more carbon into CO,. Moreover, the
improved combustion characteristics provided by HHO allow for more efficient burning of diesel fuel.
This increased fuel utilization results in a corresponding rise in CO; production, as CO: is the final
product of complete HCs combustion [29].
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Fig. 3. CO, emissions using D100 and D100-HHO dual fuel
at various engine loads
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3.1.2 CO emissions

Unlike CO2, carbon monoxide (CO) is an extremely hazardous pollutant with serious health and
environmental implications. Therefore, it is crucial to minimize CO emissions during fossil fuel
combustion. The majority of CO emissions are produced due to the incomplete combustion of diesel
fuel. As shown in Figure 4, the induction of HHO gas into the combustion chamber has reduced the
CO emissions. For instance, at no load conditions, the CO emissions using only diesel were 0.17, 0.23
and 0.29% at 0, 50 and 100% engine load. In contrast, the CO emissions using HHO with D100 were
reduced to 0.13, 0.15 and 0.17% at 0, 50 and 100% engine load.

From the experimental results, it was found that using HHO with D100 has reduced the CO
emissions compared to only D100. The reduction in CO emissions using HHO was due to several
factors. The use of HHO along with D100 improves the combustion efficiency of a diesel engine, which
results in a reduction in CO emissions. The additional O, in HHO increases the flame temperature,
promoting complete combustion and reducing CO production. Moreover, the extra oxygen creates a
more oxidizing environment in the combustion chamber, ensuring that any CO formed is further
oxidized to CO; [28]. HHO also helps reduce fuel-rich zones within the combustion chamber, which
are prone to incomplete combustion and CO formation. Additionally, HHO improves the mixing of
diesel fuel with air, ensuring a more homogeneous mixture and more complete combustion [30].
These factors collectively contribute to a significant reduction in CO emissions when using HHO with
D100 in a diesel engine.
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Fig. 4. CO emissions using D100 and D100-HHO dual fuel at
various engine loads

3.1.3 Unburned HC emissions

Hydrocarbon (HC) emissions from diesel engines result from the incomplete combustion of diesel
fuel. These unburned or partially burned HCs are harmful to air pollution. Injecting HHO gas into the
combustion chamber facilitates combustion and reduces unburned or partially burned HCs. As shown
in Figure 5, the injection of HHO gas into the combustion chamber has reduced the HC emissions. At
no load conditions, the HC emissions using only diesel were 23, 26 and 30 ppm at 0, 50 and 100%
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engine load. On the other hand, the HC emissions using HHO with D100 were reduced to 17, 20 and
23 ppm at 0, 50 and 100% engine load.

The experimental results demonstrated that introducing HHO gas into the combustion chamber
of a diesel engine reduced the HC emissions. Firstly, the rapid flame speed of H, enhances combustion
efficiency, resulting in faster and more complete combustion. Additionally, the presence of extra O;
in HHO increases the flame temperature, facilitating the complete oxidation of HCs and reducing the
number of unburned HCs [28]. Furthermore, HHO improves air-fuel mixing, creating a more oxidizing
environment that further reduces HC emissions. HHO also minimizes quenching zones near the
cylinder walls, promoting more complete combustion of the fuel [31]. These combined factors lead
to a substantial reduction in HC emissions compared to diesel.
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Fig. 5. Unburned HC emissions using D100 and D100-HHO dual
fuel at various engine loads

3.1.4 NOx emissions

Figure 6 shows the NOx emissions for both D100 and D100+HHO, indicating a linear increase in
NOx emissions with rising engine load for both cases. The NOy here refers to the combined emissions
of NO and NO.. It is important to note that NOx emissions in diesel engines are mainly caused by
excessively high cylinder temperatures [32]. At no load conditions, the NOx emissions using diesel
were 8, 19 and 120 ppm at 0, 50 and 100% engine load. On the other hand, the NOyx emissions using
HHO with D100 were increased to 10, 21 and 125 ppm at 0, 50 and 100% engine load.

According to the previous studies and our experimental results, diesel fuel alone often produces
lower NOx emissions than diesel-HHO mixtures. Meanwhile, there is no additional oxygen in diesel
fuel as the combustion only depends on the O; in the intake air, reducing the possibility of high
temperatures and NOyx production [28]. In contrast, HHO gas consists of both H, and oxygen. The
additional oxygen from HHO makes the combustion chamber more oxygen-rich, leading to higher
flame temperatures. The increase in the temperature facilitates the interaction between N2 and O,
increasing NOx emissions. Similarly, the fast flame speed of H, improves combustion efficiency, which
not only helps the diesel fuel burn more quickly and completely but also increases the peak
temperatures [32]. Furthermore, HHO induction can lead to a leaner air-fuel mixture because of the

76



Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 18, Issue 1 (2024) 69-80

additional oxygen in HHO, which increases the overall oxygen content in the combustion chamber. A
leaner mixture tends to result in higher combustion temperatures, which promotes NOx formation,
as nitrogen in the air reacts with the excess oxygen at higher temperatures [32-34].
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Fig. 6. NO, emissions using D100 and D100-HHO dual fuel at
various engine loads

4. Conclusions

The study investigated the effect of D100-HHO dual fuel on the emissions performance of a single-
cylinder, four-stroke diesel engine. The engine was operated at a constant speed of 1500 rpm under
different loads of 0%, 50% and 100%. The HHO gas produced through an alkaline water electrolysis
process at a constant flow rate of 0.80 LPM was injected into the combustion chamber through an
air suction manifold. A Kane AUTO Plus exhaust gas analyser was used to record the emissions of
D100 only and D100-HHO dual fuel at various loads. The results showed the injection of HHO has
increased the CO; emissions by 23.08, 23.81 and 20.0% at an engine load of 0, 50 and 100%. The CO
emissions were reduced by 23.53, 34.78 and 41.38% at 0, 50 and 100% engine load. Similarly, the HC
emissions were reduced by 26.09, 23.08 and 23.33% at 0, 50 and 100% engine load. The NOy
emissions were increased by 25.0, 10.53 and 4.17% at 0, 50 and 100% engine load. The introduction
of HHO gas into the combustion chamber has increased the combustion efficiency and promoted
complete combustion which resulted in higher CO2 emissions. The complete combustion using HHO
has reduced the hazardous CO emissions as the CO is converted into CO; at elevated temperatures,
resulting in lower CO emissions. The HHO induction also minimizes the quenching zones near the
cylinder walls, promoting more complete combustion of the fuel and resulting in lower HC emissions.
The additional oxygen in HHO made the combustion chamber more oxygen-rich, thus increasing the
flame temperature and facilitating the interaction between N, and O2 which resulted in higher NOx
emissions. Further research could focus on optimizing the HHO amount and injection timings.
Similarly, the use of HHO with various biodiesel blends needs further exploration before considering
large-scale implementations.

77



Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 18, Issue 1 (2024) 69-80

Acknowledgement

We acknowledge the Center of Sustainable Resources for Intelligent and Efficient Mobility (CSRIEM),
Universiti Teknologi PETRONAS, Malaysia for their financial support through the internal grant OPEX
Incentive FY2024, Malaysia, having grant number (015LB0-101).

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

Leach, Felix, Gautam Kalghatgi, Richard Stone and Paul Miles. "The scope for improving the efficiency and
environmental impact of internal combustion engines." Transportation Engineering 1 (2020): 100005.
https://doi.org/10.1016/j.treng.2020.100005

Fayad, Mohammed A., Amera A. Radhi, Salman Hussien Omran and Farag Mahel Mohammed. "Influence of
environment-friendly fuel additives and fuel injection pressure on soot nanoparticles characteristics and engine
performance and NOX emissions in Cl diesel engine." Journal of Advanced Research in Fluid Mechanics and Thermal
Sciences 88, no. 1 (2021): 58-70. https://doi.org/10.37934/arfmts.88.1.5870

Payri, Francisco, José Javier Lépez, Jaime Martin and Ricardo Carrefio. "Improvement and application of a
methodology to perform the Global Energy Balance in internal combustion engines. Part 1: Global Energy Balance
tool development and calibration." Energy 152 (2018): 666-681. https://doi.org/10.1016/j.energy.2018.03.118
Tan, Shin Mei, Hoon Kiat Ng and Suyin Gan. "Numerical Studies of In-Cylinder Combustion and Soot Emission
Characteristics of Biodiesel Fuels from Different Feedstock." Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences 70, no. 1 (2020): 46-61. https://doi.org/10.37934/arfmts.70.1.4661

Mulk, Wagad Ul, Syed Awais Ali, Syed Nasir Shah, Mansoor Ul Hassan Shah, Qi-Jun Zhang, Mohammad Younas, Ali
Fatehizadeh, Mahdi Sheikh and Mashallah Rezakazemi. "Breaking boundaries in CO2 capture: lonic liquid-based
membrane separation for post-combustion applications." Journal of CO2 Utilization 75 (2023): 102555.
https://doi.org/10.1016/j.jcou.2023.102555

Mulk, Wagad Ul, Mansoor Ul Hassan Shah, Syed Nasir Shah, Qi-Jun Zhang, Asim Laeeq Khan, Mahdi Sheikh,
Mohammad Younas and Mashallah Rezakazemi. "Enhancing CO2 separation from N2 mixtures using hydrophobic
porous supports immobilized with tributyl-tetradecyl-phosphonium chloride [P44414][CI]." Environmental
Research 237 (2023): 116879. https://doi.org/10.1016/j.envres.2023.116879

Ali, Syed Awais, Waqgad Ul Mulk, Asmat Ullah Khan, Hamza Siddique Bhatti, Muarij Hadeed, Jamil Ahmad, Khairul
Habib, Syed Nasir Shah and Mohammad Younas. "Review on Synthesis and Characterization of Advanced
Nanomaterials-based Mixed Matrix Membranes (MMMs) for CO2 Capture: Progress, Challenges and
Prospects." Energy & Fuels 38, no. 19 (2024): 18330-18366. https://doi.org/10.1021/acs.energyfuels.4c03305
Elfasakhany, Ashraf. "Investigations on performance and pollutant emissions of spark-ignition engines fueled with
n-butanol—, isobutanol-, ethanol-, methanol—and acetone—gasoline blends: A comparative study." Renewable and
sustainable energy reviews 71 (2017): 404-413. https://doi.org/10.1016/j.rser.2016.12.070

Ali, Asghar, A. Rashid A. Aziz and Mhadi A. Ismael. "Impact of injection pressures on properties, microscopic
behavior and microexplosions in biodiesel-emulsified fuel with biosurfactant." Applied Thermal Engineering 248
(2024): 123259. https://doi.org/10.1016/j.applthermaleng.2024.123259

Ali, Asghar, A. Rashid A. Aziz, Mhadi A. Ismael and Saeed Algaed. "The investigation of lecithin and cocamide DEA
Biosurfactant concentrations on emulsified biodiesel fuel stability, properties and the micro-explosion
phenomenon." Results in Engineering 23 (2024): 102482. https://doi.org/10.1016/].rineng.2024.102482
Mohamed, Norhafana, Che Ku lhsan, Muhamad Mat Noor, Abdul Aziz Hairuddin, Teuku Meurah Indra Mabhlia,
Kumaran Kadirgama, Devarajan Ramasamy, Mahendran Samykano, Mohd Fairusham Ghazali and Md Mustafizur
Rahman. "Rice Bran Qil as Emerging Green Fuels: Exploration on Combustion Behaviours of Single Cylinder Diesel
Engine (Light-Duty Engine)." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 123, no. 2
(2024): 36-47. https://doi.org/10.37934/arfmts.123.2.3647

Mulk, Wagad Ul, A. Rashid A. Aziz, Mhadi A. Ismael, Asghar Ali Ghoto, Syed Awais Ali, Mohammad Younas and
Fausto Gallucci. "Electrochemical hydrogen production through anion exchange membrane water electrolysis
(AEMWE): Recent progress and associated challenges in hydrogen production." International Journal of Hydrogen
Energy 94 (2024): 1174-1211. https://doi.org/10.1016/].ijhydene.2024.11.143

Ali, Sajjad, Sadeem M. Al-Barody, Thar M. Badri Albarody, Mohammad Shakir Nasif, Eiman Solangi and Sarah Najm
Al-Challabi. "Progress in additive-enhanced magnesium borohydride Mg (BH4) 2 for hydrogen storage applications:
A systematic  review." International  Journal  of  Hydrogen  Energy92  (2024): 1172-1201.
https://doi.org/10.1016/j.ijhydene.2024.10.178

Paparao, Jami and S. Murugan. "Dual-fuel diesel engine run with injected pilot biodiesel-diesel fuel blend with
inducted oxy-hydrogen (HHO) gas." International Journal of Hydrogen Energy 47, no. 40 (2022): 17788-17807.
https://doi.org/10.1016/j.ijhydene.2022.03.235

78


https://www.sciencedirect.com/science/article/pii/S2590123024007370#gs1
https://doi.org/10.1016/j.treng.2020.100005
https://doi.org/10.37934/arfmts.88.1.5870
https://doi.org/10.1016/j.energy.2018.03.118
https://doi.org/10.37934/arfmts.70.1.4661
https://doi.org/10.1016/j.jcou.2023.102555
https://doi.org/10.1016/j.envres.2023.116879
https://doi.org/10.1021/acs.energyfuels.4c03305
https://doi.org/10.1016/j.rser.2016.12.070
https://doi.org/10.1016/j.applthermaleng.2024.123259
https://doi.org/10.1016/j.rineng.2024.102482
https://doi.org/10.37934/arfmts.123.2.3647
https://doi.org/10.1016/j.ijhydene.2024.11.143
https://doi.org/10.1016/j.ijhydene.2024.10.178
https://doi.org/10.1016/j.ijhydene.2022.03.235

Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 18, Issue 1 (2024) 69-80

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

Patel, Vasant and Vyomesh Buch. "Energy-Exergy Analysis of Cl Engine Fueled with Moringa Oleifera Biodiesel at
Different Loading Conditions." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 122, no. 1
(2024): 223-243. https://doi.org/10.37934/arfmts.122.1.223243

Mohammed, Salah E., A. Rashid A. Aziz, M. B. Baharom, Aiman Jaffry and Mhadi A. Ismael. "Effect of aspect ratio
on the performance characteristics of free piston linear generator engine fueled by hydrogen." International
Journal of Hydrogen Energy 46, no. 17 (2021): 10506-10517. https://doi.org/10.1016/].ijhydene.2020.12.122

El Soly, A. K., M. A. El Kady, Ahmed El Fatih Farrag and M. S. Gad. "Comparative experimental investigation of
oxyhydrogen (HHO) production rate using dry and wet cells." International Journal of Hydrogen Energy 46, no. 24
(2021): 12639-12653. https://doi.org/10.1016/j.ijhydene.2021.01.110

Ridhuan, Amir, Shahrul Azmir Osman, Mas Fawzi, Ahmad Jais Alimin and Saliza Azlina Osman. "A review of
comparative study on the effect of hydroxyl gas in internal combustion engine (ICE) on engine performance and
exhaust emission." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 87, no. 2 (2021): 1-16.
https://doi.org/10.37934/arfmts.87.2.116

Nabil, Tamer and Mohamed M. Khairat Dawood. "Enabling efficient use of oxy-hydrogen gas (HHO) in selected
engineering applications; transportation and sustainable power generation." Journal of Cleaner Production 237
(2019): 117798. https://doi.org/10.1016/j.jclepro.2019.117798

Sharma, Pushpendra Kumar, Dilip Sharma, Shyam Lal Soni, Amit Jhalani, Digambar Singh and Sumit Sharma.
"Characterization of the hydroxy fueled compression ignition engine under dual fuel mode: Experimental and
numerical simulation." International Journal of Hydrogen Energy45, no. 15 (2020): 8067-8081.
https://doi.org/10.1016/j.ijhydene.2020.01.061

Rimkus, Alfredas, Jonas Matijosius, Marijonas Bogdevicius, Akos Bereczky and Adam Torok. "An investigation of the
efficiency of using 02 and H2 (hydrooxile gas-HHO) gas additives in a ci engine operating on diesel fuel and
biodiesel." Energy 152 (2018): 640-651. https://doi.org/10.1016/j.energy.2018.03.087

Jaklinski, Piotr and Jacek Czarnigowski. "An experimental investigation of the impact of added HHO gas on
automotive emissions under idle conditions." International Journal of Hydrogen Energy 45, no. 23 (2020): 13119-
13128. https://doi.org/10.1016/j.ijhydene.2020.02.225

Sharma, Pushpendra Kumar, Dilip Sharma, Shyam Lal Soni, Amit Jhalani, Digambar Singh and Sumit Sharma.
"Energy, exergy and emission analysis of a hydroxyl fueled compression ignition engine under dual fuel
mode." Fuel 265 (2020): 116923. https://doi.org/10.1016/j.fuel.2019.116923

Thangaraj, Suja and Nagarajan Govindan. "Investigating the pros and cons of browns gas and varying EGR on
combustion, performance and emission characteristics of diesel engine." Environmental Science and Pollution
Research 25, no. 1 (2018): 422-435. https://doi.org/10.1007/s11356-017-0369-4

Selvi Rajaram, Premkartikkumar, Annamalai Kandasamy and Pradeepkumar Arokiasamy Remigious. "Effectiveness
Of Oxygen Enriched Hydrogen-Hho Gas Addition On Direct Injection Diesel Engine Performance, Emission And
Combustion Characteristics." Thermal Science 18, no. 1 (2014). https://doi.org/10.2298/TSCI121014078P
Kamaraj, Nithyanandhan, Arun Kumar Subburaj, Ragul Kumar Mohanraj and Sivakumar Rasu. "Experimental
investigation on performance, combustion and emission characteristics of Cl engine with on-site hydrogen
generation." Materials Today: Proceedings 46 (2021): 5469-5474. https://doi.org/10.1016/j.matpr.2020.09.199
Liang, Zhendong, Fangxi Xie, Kaichang Lai, Hong Chen, Jiakun Du and Xiaoping Li. "Study of single and split injection
strategies on combustion and emissions of hydrogen DISI engine." International Journal of Hydrogen Energy 49
(2024): 1087-1099. https://doi.org/10.1016/j.ijhydene.2023.10.060

El-Adawy, Mohammed, Medhat A. Nemitallah and Ahmed Abdelhafez. "Towards sustainable hydrogen and
ammonia internal combustion engines: Challenges and opportunities." Fuel 364 (2024): 131090.
https://doi.org/10.1016/j.fuel.2024.131090

Elgarhi, Ibrahim, Mohamed M. El-Kassaby and Yehia A. Eldrainy. "Enhancing compression ignition engine
performance using biodiesel/diesel blends and HHO gas." International Journal of Hydrogen Energy 45, no. 46
(2020): 25409-25425. https://doi.org/10.1016/j.ijhydene.2020.06.273

Gad, M. S., M. K. El-Fakharany and E. A. Elsharkawy. "Effect of HHO gas enrichment on performance and emissions
of a diesel engine fueled by biodiesel blend with kerosene additive." Fuel280 (2020): 118632.
https://doi.org/10.1016/j.fuel.2020.118632

Zhao, Zhe, Yan Huang, Xiumin Yu, Zezhou Guo, Ming Li and Tianqgi Wang. "Effect of brown gas (HHO) addition on
combustion and emission in gasoline engine with exhaust gas recirculation (EGR) and gasoline direct
injection." Journal of Cleaner Production 360 (2022): 132078. https://doi.org/10.1016/j.jclepro.2022.132078
Subramanian, Balaji and Venugopal Thangavel. "Experimental investigations on performance, emission and
combustion characteristics of Diesel-Hydrogen and Diesel-HHO gas in a Dual fuel Cl engine." International journal
of hydrogen energy 45, no. 46 (2020): 25479-25492. https://doi.org/10.1016/j.ijhydene.2020.06.280

79


https://doi.org/10.37934/arfmts.122.1.223243
https://doi.org/10.1016/j.ijhydene.2020.12.122
https://doi.org/10.1016/j.ijhydene.2021.01.110
https://doi.org/10.37934/arfmts.87.2.116
https://doi.org/10.1016/j.jclepro.2019.117798
https://doi.org/10.1016/j.ijhydene.2020.01.061
https://doi.org/10.1016/j.energy.2018.03.087
https://doi.org/10.1016/j.ijhydene.2020.02.225
https://doi.org/10.1016/j.fuel.2019.116923
https://doi.org/10.1007/s11356-017-0369-4
https://doi.org/10.2298/TSCI121014078P
https://doi.org/10.1016/j.matpr.2020.09.199
https://doi.org/10.1016/j.ijhydene.2023.10.060
https://doi.org/10.1016/j.fuel.2024.131090
https://doi.org/10.1016/j.ijhydene.2020.06.273
https://doi.org/10.1016/j.fuel.2020.118632
https://doi.org/10.1016/j.jclepro.2022.132078
https://doi.org/10.1016/j.ijhydene.2020.06.280

Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer
Volume 18, Issue 1 (2024) 69-80

[33] Yilmaz, Ali Can, Ering Uludamar and Kadir Aydin. "Effect of hydroxy (HHO) gas addition on performance and exhaust
emissions in compression ignition engines." international journal of hydrogen energy 35, no. 20 (2010): 11366-
11372. https://doi.org/10.1016/j.ijhydene.2010.07.040

[34] Gad, M. S. and SM Abdel Razek. "Impact of HHO produced from dry and wet cell electrolyzers on diesel engine
performance, emissions and combustion characteristics." International Journal of Hydrogen Energy 46, no. 43
(2021): 22277-22291. https://doi.org/10.1016/j.ijhydene.2021.04.077

80


https://doi.org/10.1016/j.ijhydene.2010.07.040
https://doi.org/10.1016/j.ijhydene.2021.04.077

