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Abstract-This research explores the feasibility of operating a small-scale internal combustion engine using
hydrogen-rich gas produced through an onboard water electrolysis system. The generated gas, commonly
referred to as HHO (a stoichiometric mixture of hydrogen and oxygen), is obtained by electrochemically
splitting water using an alkaline electrolyte-based setup powered by an external electrical source. The
produced hydrogen-oxygen mixture is directly supplied to a modified 100 cc four-stroke spark ignition engine,
replacing conventional hydrocarbon-based fuel. To enable this operation, significant modifications were made
to the carburetor and intake manifold to ensure controlled gaseous fuel delivery, proper mixing with intake air,
and stable combustion conditions. Hydrogen’s unique combustion characteristics—such as very low ignition
energy, high flame propagation speed, and wide flammability range—require careful control of air-fuel ratios
and ignition timing. Experimental results indicate that the engine can operate successfully under hydrogen-rich
conditions, demonstrating the technical feasibility of onboard hydrogen generation for small engine
applications. The exhaust emissions show a major reduction in carbon-based pollutants, with water vapor being
the dominant byproduct. However, the system’s overall performance is strongly influenced by electrolysis
efficiency, electrical energy consumption, gas production rate, and thermal stability of the engine. Key
limitations identified include high power demand for electrolysis, risk of backfire, heat accumulation in intake
components, and the need for precise flow control mechanisms. Despite these challenges, the study
demonstrates that onboard hydrogen generation can serve as a transitional clean-energy solution for internal
combustion engines in small-scale applications.

Index Terms— Hydrogen energy, Electrolysis, HHO gas, Internal combustion engine, Alternative fuel, Clean
combustion, Renewable energy systems.

(CO,), carbon monoxide (CO), nitrogen oxides
I. INTRODUCTION (NOx), and unburned hydrocarbons (HC), all of
which have severe environmental and health
impacts. These emissions contribute significantly to
global warming, air quality degradation, and
climate instability.

The global demand for energy is increasing rapidly
due to industrial development, urban expansion,
and transportation growth. Internal combustion
engines (ICEs) remain the most widely used power
sources in transportation and small machinery due
to their simplicity, reliability, and established
infrastructure.

To address these issues, researchers have been
exploring alternative fuels such as hydrogen,
ethanol, biodiesel, and compressed natural gas.
Among these, hydrogen is considered one of the
most promising alternatives due to its high energy
content per unit mass and clean combustion
characteristics.

However, ICEs are also one of the major
contributors to environmental pollution. The
combustion of fossil fuels produces carbon dioxide
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When hydrogen burns in the presence of oxygen, it
produces water vapor as the primary byproduct,
making it an environmentally friendly fuel. However,
hydrogen storage in compressed or liquefied form
presents challenges such as high cost, safety risks,
leakage problems, and lack of infrastructure.

To overcome these limitations, onboard hydrogen
generation systems based on water electrolysis
have gained attention. In this process, electrical
energy is used to split water molecules into
hydrogen and oxygen gases at the point of use.
This eliminates the need for external storage tanks
and enables continuous fuel production.

Despite its advantages, integrating such a system
into a conventional engine requires careful design
modifications due to hydrogen’'s  distinct
combustion behavior. This study focuses on
evaluating the performance, feasibility, and
limitations of operating a small 100 cc engine using
an onboard electrolysis-based hydrogen generation
system.

Il. NEED AND OBJECTIVES OF STUDY

2.1 Environmental Concerns
Increasing greenhouse gas emissions from fossil
fuel combustion necessitate cleaner alternatives to
reduce environmental impact.

2.2 Energy Sustainability

Finite fossil fuel reserves require exploration of
renewable and sustainable energy sources for long-
term energy security.

2.3 Hydrogen Potential

Hydrogen provides high energy density and
produces water upon combustion, making it a clean
energy carrier.

2.4 Storage Challenges
Hydrogen storage requires
cryogenic  systems, which
impractical for small engines.

high-pressure or
are expensive and

2.5 Onboard Production Advantage

Onboard electrolysis enables real-time hydrogen
generation, eliminating storage requirements and
improving system flexibility.

2.6 Retrofitting Existing Engines
Replacing existing engines is costly; thus, modifying
current engines is a more practical approach.

2.7 Efficiency Concerns
Electrolysis requires electrical energy input, making
system efficiency a critical evaluation parameter.

2.8 Research Gap

Limited experimental studies exist on real-time
onboard hydrogen generation systems integrated
with small IC engines under practical conditions.

lll. METHODOLOGY

3.1 System Overview
The experimental setup consists of:

e 100 cc four-stroke spark ignition engine
o Alkaline electrolysis unit

e DC power supply system

e Gas delivery pipeline

e Modified carburetor and intake manifold

3.2 Electrolysis Process

Water mixed with an alkaline electrolyte (such as
KOH or NaOH) is subjected to DC current. This
results in:

e Hydrogen generation at cathode
e Oxygen generation at anode

The gases combine to form HHO gas, which is
directed into the intake system.

3.3 Engine Modification
The following modifications were performed:

e Carburetor bypass for gaseous fuel entry

e Sealed intake manifold for controlled flow

e Installation of flame arrestor to prevent
backfire
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e Adjustment of ignition timing

3.4 Operating Procedure
e Electrolysis system activated
e HHO gas generated continuously
e Gas supplied to intake manifold
e Engine started under controlled airflow
conditions
e lLoad conditions applied gradually

3.5 Safety Measures
e Non-return valves installed
e Flame arrestor used
e Controlled gas flow rate maintained
e Electrical isolation of electrolysis system
ensured

IV. RESULT AND DISCUSSION

4.1 Engine Start and Stability

The engine successfully operated using hydrogen-
oxygen gas without conventional fuel. Stable idle
conditions were achieved after tuning gas flow and
air intake ratios.

4.2 Combustion Characteristics
Hydrogen combustion showed:

e Very fast flame speed
e Instant energy release
e High sensitivity to mixture variation

This required careful control to prevent backfire.

4.3 Load Performance

Engine output depended directly on hydrogen
production rate. Under increased load, gas demand
increased significantly, showing the need for
adaptive control systems.

4.4 Emission Behavior
Carbon-based emissions were significantly reduced.

The exhaust mainly contained water vapor,
confirming cleaner combustion behavior.

4.5 Thermal Performance

Higher combustion temperature zones were

observed due to rapid hydrogen combustion. Long-

term operation would require enhanced cooling
mechanisms.

4.6 Energy Efficiency Analysis
A major limitation observed is energy imbalance:
e Electrical energy input for electrolysis is high

e Mechanical output from  engine s
comparatively lower

This reduces overall system efficiency.

4.7 System Limitations

e Backfire risk in intake manifold

e High current consumption

e Electrode degradation over time

e Inconsistent gas production under load

variation
e Heat accumulation in intake system

V. ADVANTAGES AND LIMITATIONS

Advantages

e Zero carbon combustion

e Reduced fossil fuel dependency

e On-demand hydrogen generation

e Retrofit compatibility with existing engines

Limitations

e Low overall efficiency

High electrical power requirement

Safety concerns (flammability of hydrogen)
Need for precise control systems

VI. FUTURE SCOPE

Future improvements may include:

e Integration of solar-powered electrolysis
systems

o Development of smart electronic gas flow
controllers

e Use of advanced electrode materials (platinum-
coated, graphene-based)

e Hybrid systems combining hydrogen with
conventional fuels

e Optimization of ignition timing using ECU
systems
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VII. CONCLUSION

This study demonstrates that onboard hydrogen >-

generation using electrolysis can successfully power
a small 100 cc internal combustion engine under
controlled experimental conditions. The system
shows promising potential in reducing carbon-
based emissions and improving environmental
sustainability.

However, practical implementation at commercial
scale is limited by energy efficiency challenges,
safety concerns, and system stability issues. Further
research is required to improve electrolysis
efficiency, optimize combustion control, and
develop robust safety systems.

Despite these limitations, onboard hydrogen
generation represents a promising transitional
technology toward cleaner combustion systems in
the future.
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