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Abstract— Hydrogen is proved to be best source of energy as 

it possesses more energy content and also available in 

abundant amount in the world. Hydrogen is not a primary fuel 

it must be manufactured from water with either fossil or non-

fossil energy sources. Hydrogen can be used as an engine 

fuel, whereas neither nuclear nor solar energy can be used 

directly for automotive fuel. It has good properties as a fuel 

for internal combustion engines like higher energy content 

per unit mass, no carbon content etc. The main disadvantages 

of using hydrogen as a fuel for automobile is that huge on-

board storage are required because of its low density, makes 

the system bulky also more amount of H2 is unsafe to carry 

as a fuel. So to overcome above problem and for safe use of 

H2 as an automotive fuel it must be produced by water 

electrolysis and then it is introduced to engine along with the 

gasoline. Hence this study includes the design and 

development of onboard water Electrolyser for production of 

HHO (H2 and O2) gas. Also this study measures the 

performance and emission of this HHO + Gasoline fueled 

engine at various loading conditions. During experimental 

analysis it is observed that keeping all the benefits on one 

hand, one of the major pollutant like NOx is increasing due to 

high temperature and pressure development inside the 

cylinder due to presence of HHO gas. 
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I. INTRODUCTION 

Now-a-days the world has been facing the issues of energy 

crisis due to fossil fuel layer depletion and increased 

environmental problems. The increased use of these fuels 

within current energy infrastructure in the largest source of 

pollutant emissions like carbon dioxides, which is the main 

cause for global warming and climatic change with addition 

of crude oil supply deficiency and unstable political situation 

in those regions. With fuel reservoir depletion and controlled 

emission regulation creates a need for alternative fuels. An 

alternative fuel should be technically practicable, economic, 

environmental friendly, and easily available. Many of that 

kind potential alternative fuels have been proposed, including 

Natural gas (PNG), Biogas, Biodiesel, Alcoholic fuels, 

hydrogen, Electricity from renewable resources, Liquefied 

petroleum gas (LPG), and Solar fuels. 

Out of these alternative fuels, hydrogen is having the 

more energy content of all conventional fuels and it is the 

most abundant fuel in the world. Hydrogen will be a key fuel 

to sustainable future development, because in the future it 

may be generated in virtually unlimited quantities using 

renewable energy sources. The future markets for hydrogen 

depend primarily upon below four factors: 

1) Economic feasibility of Hydrogen as a fuel, 

2) Technological improvement in hydrogen economy, 

3) Strict regulation on harmful pollutants and greenhouse 

gases, and 

4) Competitive cost of hydrogen energy systems. 

The properties of hydrogen that makes it as a proper 

fuel: 

 Flammability Limits: Hydrogen has a wide flammability 

range that makes it useful fuel for burning in very rich 

mixture to very lean mixture even. It ranges between 4% 

to 75%, which means that even 4% hydrogen as a fuel to 

air content (ultra-lean) and 75% hydrogen content i.e. 

ultra-rich content of fuel can create combustible mixture. 

 Ignition energy: Hydrogen possesses ignition energy i.e. 

0.02mJ, it means that it requires very less energy to burn 

once auto-ignition temperature is reached. 

 Limits of detonation: As hydrogen having very wide 

range of flammability limit and lower ignition energy it 

is much easier for hydrogen to reach uncontrolled 

combustion so it having very wide range of detonation, 

but unlike many other fuels, it is very difficult to detonate 

if it’s not in a concentrated form. 

 Auto ignition temperature: Looking at any available 

other fuel high auto ignition temperature of hydrogen 

allows I C Engine to use it for much higher compression 

ratio. 

 Flame speed: Comparing to gasoline and Natural Gas 

Hydrogen is having very high flame speed which may 

lead to detonate the I C Engine if used as a fuel. 

 Higher diffusivity: Hydrogen has very high diffusivity 

property, which shows its ability to disperse in air. 

Which is considerably more than gasoline and it is 

advantageous mainly for two reasons: (1) It allows the 

formation of a uniform air-fuel mixture, and (2) if a 

hydrogen leaks, it disperses rapidly. This is much 

important for safe use of hydrogen point of view. 

 Lower density: Hydrogen has very low density. This 

leads to two major drawbacks when used in an I C 

Engines: (1) Space requirement of hydrogen storage is 

more compared to other liquid fuels for efficient driving 

distance, and (2) The energy density, energy content per 

unit volume is lower which means it lowers the power 

output. 

The main drawbacks of using hydrogen as a 

transportation fuel is due to its lower density it requires a 

large space for storage of Hydrogen. It can be stored as a 

compressed gas in storage vessels, as a liquid in cryogenic 

containers or as a gas bound with certain metals in metal 

hydrides. But, due to low density, compressed hydrogen gas 

is not being able to give a comparable result to that of 

gasoline. In metal hydride system it can achieve a good 

density but weight of the system makes it impracticable to 

use. 
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Density property gives hydrogen both advantages 

and disadvantages. The advantage is that hydrogen stores 

approximately 2.6 times more energy per unit mass than 

gasoline, meaning that hydrogen is more energy efficient than 

gasoline. The disadvantage is that it needs an estimated 4 

times more volume than gasoline to store that energy. 

 
Hydrogen 

(H2) 

Natural 

Gas(CH4) 

Gasoline 

(C4 – C12) 

Mass Density 

(Kg/m3) 

0.08988 

(g/L) 
0.8 710-770 

Odour No No Yes 

Boiling Point (K) 20.268 111.632 310-478 

Flammability  

(% vol.) 
4 - 75 5.3-15 1-7.6 

Flame Colour Pale Blue Blue 
Yellowish 

Blue 

Auto ignition 

temperature (K) 
858 813 501-744 

Minimum 

Ignition Energy 

(mJ) 

0.02 0.29 0.24 

Lowe Enthalpy 

Of Combustion 

(kJ/kg) 

119930 50020 45000 

Higher Enthalpy 

Of Combustion 

(kJ/kg) 

141860 55530 48000 

Specific Heat of 

gas (at NTP) 

(kJ/kg*K) 

14.89 2.22 1.622 

Flame Velocity 

(m/s) 
2.65-3.25 0.37-0.45 0.37-0.43 

Quenching 

distance (cm) 
0.064 0.2 0.203 

Table 1: Property 

II. LITERATURE REVIEW 

EL-Kassaby [1] laboratory experiments have been carried out 

to investigate the effect of hydroxy gas on the emission and 

performance of a 4-S petrol engine. The generated gas is 

mixed with a fresh air in the intake manifold and exhaust gas 

analysis carried out using a gas analyser.  

 Electrolyser Cell can be integrated easily with existing 

engine. 

 According to data provided in paper thermal efficiency 

can be increased up to 10% and reduction in fuel 

consumption is up to 34%. 

 The concentration of NOx, CO and HC gases reduced to 

15%, 18% and 14%. 

The best catalyst was found to be KOH with 

concentration of 6 gm/L. 

Ammar A. Al-Rousan [2] in this work, FC for HHO 

gas generation was designed, manufactured and tested. The 

generated HHO gas was introduced to the air stream just 

before entering the carburettor of a Honda G 200 engine. 

 The use of HHO in gasoline engines enhances 

combustion efficiency, consequently reducing fuel 

consumption and thereby decreasing pollution. 

The optimal size of the FC is when the surface area 

of an electrolyte needed to generate sufficient amount of 

HHO is twenty times that of the piston surface area. Also, the 

volume of water needed in the cell is about one and half times 

the engine capacity. 

Weibo Shi et al. [3] paper investigates the effect of 

spark timing on combustion and emission of a hydrogen and 

gasoline injection systems are installed on the original 

gasoline engine. They are hydrogen direct injection system 

and gasoline intake port injection system that are controlled 

by electronic control unit. The main conclusion is listed 

below: 

 A good stratified effect can be obtained with the 

hydrogen injection timing at 1100 CA BTDC. The 

stratified combustion can improve fuel economy and 

brake thermal efficiency, and reduce emissions. Using 

hydrogen direct injection after intake valve close 

increases the volumetric efficiency. 

 With the spark advance angle increase brake thermal 

efficiency first increase and then decrease. Hydrogen 

addition to gasoline engine also improves the brake 

thermal efficiency. The brake thermal efficiency 

increases with the increase of hydrogen volume fraction. 

 The maximum instantaneous heat release rate drops with 

the increase of spark advance angle, and the crank angle 

decreases with it. When the hydrogen volume fraction is 

9%, the optimum spark advance angle for maximum 

brake thermal efficiency is 100 CA BTDC. 

 The increase of hydrogen volume fraction improves the 

combustion rate. Hydrogen addition to gasoline engine 

can speed up combustion process. 

 The peak cylinder pressure climb with the spark advance 

angle increases, and it also augment with the increase of 

hydrogen volume fraction. According to ideal gas state 

equation, hydrogen addition to the gasoline engine lead 

to the Pmax increase at the same spark timing, and it is 

the key factor. 

 The increase of spark advance angle and hydrogen 

volume fraction causes the maximum rate of pressure 

rise increase. The effect of spark timing on maximum 

rate of pressure rise for different volume fraction is 

similar. 

NOx, HC and CO emissions rise with the increase of 

spark advance angle at the specified hydrogen volume 

fraction. The NOx emissions rise rapidly with the spark 

advance angle increase, but HC and CO emissions rise 

slowly. When the hydrogen volume fraction increases, the 

NOx emissions rise. However, the HC and CO emissions 

drop. 

Ghazi A. Karim [4] In above review paper 

exaggerated study of hydrogen as an Internal engine fuel is 

carried out. From the study of above research paper following 

conclusions are derived: 

 There are excellent prospects to achieve very satisfactory 

S.I. engine operation with hydrogen as the fuel. 

The question of whether hydrogen can be obtained 

abundantly and economically remains yet to be answered 

satisfactorily. 

III. HYDROGEN PRODUCTION BY WATER ELECTROLYSIS 

When a water molecule passes through electrochemical 

process water molecules spilt in hydrogen and oxygen gases, 

this process is called water electrolysis. Electricity is used for 

the splitting the hydrogen and oxygen into their gaseous 
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phase. The basic equation of water electrolysis is written in 

below equation. 

 
For water electrolysis the energy is required as 

electrical energy and it is given from a DC power source. At 

room temperature the splitting of pure water is very small, 

approximately 10-7moles/liter because pure water is the very 

poor conductor of electricity. Therefore, acid or base as an 

additive is used to improve the conductivity of water. In an 

alkaline water Electrolyser, KOH is mainly used with water. 

The solution splits into positive ions and negative ions and 

these ions readily conduct electricity in a water solution by 

flowing from one electrode to the other. 

 
Fig. 1: Electrolysis Process 

The figure shows the fundamental principle for 

electrolysis cell. The general principle for all three 

technologies is the same. When a high voltage is applied to 

an electrochemical cell in presence of water, hydrogen and 

oxygen gas bubbles evolve at cathode (negative electrode) 

and anode (positive electrode) respectively.  

Three approaches for the hydrogen evolution 

reaction (HER) and the oxygen evolution reaction (OER), the 

typical temperature range and the ions acting as the charge 

carrier through the diaphragm/membrane. 

IV. ENERGY CONSUMPTION 

The energy required for decomposing one mole of water into 

hydrogen and oxygen corresponds to the enthalpy of 

formation of one mole of water. The minimum amount of the 

enthalpy of reaction that has to be applied as electrical energy 

is the free energy of reaction  (change in Gibbs free 

energy) defined in terms of enthalpy of reaction, , 

Thermodynamic temperature, T and the Entropy of reaction, 

, by below equation Eq. 

 
Minimum energy required is given by Gibbs free 

energy relation deduce from Eq. 

 
At Standard Temperature and Pressure the 

thermodynamic decomposition voltage of water in 

theoretically is 1.23V and the current efficiency is 100%. 

Therefore, the theoretical consumption of energy ( ) for 

producing 1 m3 of H2 is 2.94 kWh/m3 H2. However, for gas 

evolution the voltages needed is 1.65–1.7V. Therefore, in 

industries the voltage of about 1.8–2.6 V is used. Hence the 

practical energy consumption is nearly 1.5 to 2.2 times more 

than the theoretical energy consumption. Hence the actual 

efficiency is between 48% and 70%. 

A. Water Electrolysis Thermodynamics 

The thermodynamics of the water electrolysis reactions relate 

the voltages for the reactions at the anode and cathode of an 

electrolytic cell to the energy and entropy changes involved 

in breaking the chemical bonds in water and forming the 

chemical bonds in the diatomic hydrogen and oxygen gas 

products. These quantities are discussed for standard and non-

standard conditions. 

The standard potential for water electrolysis can be 

obtained from the standard Potentials for the two half 

reactions. For a basic solution shown in below Equations. 

 

 

 

V. EXPERIMENTAL SETUP 

Following components will be used in Experimental Setup: 

 Engine test rig 

 Eddy Current Dynamometer 

 Fuel Measuring Unit 

 Air Flow rate measuring Unit 

 Temperature and pressure sensors 

 HHO producing device 

 Bubbler 

 Battery (12 V) 

 Flashback Arrestor 

 Exhaust gas analyser 

 
Fig. 2: Experimental Setup 

A. Technical Specification of the Test Rig 

 
Fig. 3: Block Diagram of Setup 

Engine 

Make Kirloskar 

Model AV1 

Cooling Water Cooled 

Power 5HP @ 1500 RPM 

Stroke 110mm 

Bore 80mm 

Volume 553 cc 

Compression Ratio 9.51 : 1 

Table 2: Technical Specification of the Test Rig 
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VI. EXPERIMENTAL METHODOLOGY 

 A Single Cylinder naturally aspirated Gasoline engine is 

used for the purpose of experimentation. S.I. engine was 

coupled to Eddy current dynamometer to measure brake 

power and another end of dynamometer was connected 

to load cell. 

 When engine attains the stable condition put exhaust gas 

analyzer probe into tailpipe. 

 Now engine was run on various loading condition and 

readings were noted for emission and performance. 

 Then spark timing was changed and above procedure 

was followed. 

 Then HHO kit was installed on the engine and gas pipe 

was fitted to intake manifold before the carburettor. 

 Then again readings were taken for various loading 

conditions. 

VII. CALCULATION AND RESULTS 

A. Fuel Consumption 

 
Amount of fuel consumed = 10 ml 

 = 740 kg/m3 

1) Air Flow Rate 

 
Where, 

 = Height of air column in meter 

 = Height of water column in meter 

 = Density of air (1.2 kg/m3) 

 = Density of water (1.2 kg/m3) 

 
Where, 

 = velocity of air m/s 

 = gravitational force m/s2 

 
Where, 

Q = volume flow rate m3/s 

 = co-efficient of discharge (0.65) 

A = πd2/4 (d = 20.5 mm) 

 
Where, 

 = mass flow rate of air in kg/s   

2) Air – Fuel Ratio 

 
3) Equivalence Ratio 

 
4) Brake Power 

 
Where, 

N =Engine speed (rpm) 

T = Engine Torque = W*R (N.m) 

R = Arm length (350 mm) 

W = load applied on engine (N) 

5) Brake Specific Fuel Consumption 

(kg/kwhr) 

a) Load Vs. Torque Graph 

 
Fig. 4: Load vs. Torque Graph 

b) Load vs. Brake Power Graph 

 
Fig. 5: Load vs. Brake Power Graph 

c) Load vs. BSFC Graph 

 
Fig. 6: Load vs. BSFC Graph 
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