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Abstract--- In this study, Hydroxy gas (HHO) was 

produced by the electrolysis process of different 

electrolytes (KOH(aq), NaOH(aq), NaCl(aq)) with 

various electrode designs in a leak proof plexiglass 

reactor (hydrogen generator). Hydroxy gas was used as 

a supplementary fuel in a four cylinder, four stroke, 

spark ignition (SI) engine without any modification 

and without need for storage tanks. Its effects on 

exhaust emissions and engine performance 

characteristics were investigated. Experiments showed 

that constant HHO flow rate at low engine speeds 

(under the critical speed of 2800 rpm for this 

experimental study), turned advantages of HHO 

system into disadvantages for engine torque, carbon 

monoxide (CO), hydrocarbon (HC)  emissions  and  

specific  fuel  consumption (SFC).  Investigations 

demonstrated that HHO flow rate had to be 

diminished in relation to engine speed below 2800 

rpm due to the long opening time of intake 

manifolds at low speeds. This caused excessive 

volume occupation of hydroxy in cylinders which 

prevented correct air to be taken into the combustion 

chambers and consequently, decreased volumetric 

efficiency was inevitable. Decreased volumetric 

efficiency influenced combustion efficiency which 

had negative effects on engine torque and exhaust 

emissions. Therefore, a hydroxy electronic control unit 

(HECU) was designed and manufactured to decrease 

HHO flow rate by decreasing voltage  and  current  

automatically  by  programming  the  data  logger to  

compensate disadvantages of HHO gas on SFC, engine 

torque and exhaust emissions under engine speed of 

2800 rpm. The flow rate of HHO gas was measured by 

using various amounts of KOH, NaOH, NaC1 

(catalysts). These catalysts were added into the water to 

diminish hydrogen and oxygen bonds and NaOH was 

specified as the most appropriate catalyst. It 

was observed that if the molality of NaOH in solution 

exceeded 1% by mass, electrical current supplied from 

the battery increased dramatically due to the too much 

reduction of electrical resistance. HHO system addition 

to the engine without any modification resulted in 

increasing engine torque output by an average of 

19.1%, reducing CO emissions by an average of 

13.5%, HC emissions by an average of 5% and SFC by 

an average of 14%. 

 

I. INTRODUCTION 

Faced with the ever increasing cost of conventional fossil 

fuels, researches worldwide are working overtime to 

costeffectivelyimprove internal combustion engine (ICE) 

fueleconomy and emission characteristics. In recent years, 

manyresearchers have focused on the study of alternative 

fuelswhich benefit enhancing the engine economic and 

emissions.  

Hydrogen is seen as one of energy vector of the next 

century. Hydrogen, as an renewable energy source 

provide a potential form sustainable development 

particularly in transportation sectors. The Hydrogen 

driven engine reduces both local as well as global 

emission. 

Increases in thermal efficiency are more dominant than 

the energy loss incurred in generating hydrogen.  This 

is specifically with regard to use of a hydrogen 

reformer.  Over all computational analysis has 

marked the possibility of operating with high air 

overabundance (lean or ultra-lean mixtures) without a 

substantial performance decrease but with great 

advantages on pollution emissions and fuel consumption. 

Today people often think that there are several different 

designs of HHO cells Although there are some 

variations of the original design, all of them still 

operate on the same basic principle. Today, HHO cell 

consists of a water reservoir, electrolysis parts, tubing 

and wiring. Besides that, there is not much more when it 

comes to building your own HHO cell. 

As you may have heard by now, you can easily build a 

device that essentially turns water into powerful, clean 

burning fuel. Installing this HHO generator on your 

vehicle can provide you with several benefits.[1] 

- Increased horsepower and torque 

- Smoother engine operation 

- Government refunds for alternative fuel 

conversion 

- Above all - improved fuel economy 

A HHO Generator is a device that uses electrolysis to 

convert water into two moles Hydrogen and one mole 

Oxygen (HHO). This gas, also known as Brown's Gas, 

is a very clean burning, powerful fuel. Efficient HHO 

Generators are capable of using Distilled Water only, but 

most HHO Generator uses an electrolyte, or catalyst in 

addition to the distilled water. The most popular is 

regular old baking soda. That's right folks. 

Distilled water + Baking soda + Electricity = cheap, clean 

fuel. 

One important use of electrolysis of water is to produce 

hydrogen. 

2H20(1) = 2H2 (g) + 02 (g); 

Eo= +1.229 V 

Hydrogen can be used as a fuel for powering internal 

combustion engines by combustion or electric motors via 

hydrogen fuel cells. 

The energy efficiency of water electrolysis varies widely. 

The efficiency is a measure of what fraction of 

electrical energy used is actually contained within the 

hydrogen. Some of the electrical energy is converted 
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to heat, a useless by product. Some reports quote 

efficiencies between 50% and 70%. This efficiency is 

based on the Lower Heating Value of Hydrogen. The 

Lower Heating Value of Hydrogen is total thermal 

energy released when hydrogen is combusted minus 

the latent heat of vaporization of the water. This does not 

represent the total amount of energy within the 

hydrogen; hence the efficiency is lower than a more 

strict definition. Other reports quote the theoretical 

maximum efficiency of electrolysis as being between 

80% and 94%. The theoretical maximum considers 

the total amount of energy absorbed by both the 

hydrogen and oxygen. These values refer only to the 

efficiency of converting electrical energy into 

hydrogen's chemical energy. The energy lost in 

generating the electricity is not included. For instance, 

when considering a power plant that converts the heat of 

nuclear reactions into hydrogen via electrolysis, the 

total efficiency is more likely to be between 25% and 

40%.Water is a molecule, and a molecule is made up of 

smaller parts known as atoms. The water molecule is 

named H2O because it contains two Hydrogen atoms 

(H2) and one Oxygen molecule. In a combined form 

they are the abundant resource known as water. 

Through the simple process of running electric current  

through the water, the atoms 'split' back into their 

original elemental forms. This process is known as 

electrolysis. Electrical current runs through the water 

and all the Hydrogen atoms run toward the negatively 

charged electrode, and all the oxygen atoms move 

toward the positive electrode. 

Any HHO generator simply adds 'free' hydrogen 

and oxygen in a gaseous state to the combustion 

process. The mixture of this burns so hot, and so fast, it 

helps to COMPLETE the combustion process of the 

original gasoline. 

 
Fig. 1:  Electrolysis Process for H2 and O2 [8] 

It burns MORE of the carbon atoms to create lower 

emissions (fewer hydrocarbon and carbon monoxide 

particles). It reduces excess heat (a cooler running 

engine) and it offers more power to the driver (from a 

more complete combustion of the gasoline).When water 

is introduced with electrical current/voltage [preferably 

DC] it has a tendency to become excited and divides 

into its primary elements of Hydrogen and 

Oxygen.The produced Hydrogen and Oxygen are now 

in a gaseous state from the liquid water. It's been said 

by others that the two elements have been split apart 

from one another into their sub-diatomic molecular 

state. 

The process is as follows, you start with water and an 

electrolyte. You add DC current, the H2O breaks down 

into H2 & O [we just call it HHO]. We introduce it into 

the engine by use of the engines vacuum. The HHO 

combines with the gasoline and air in the combustion 

chamber and is burnt. Once burnt, it converts back to 

H2O [water]. Its now going to absorb the inner heat 

from the engine normally at 350 - 400F and turn into 

super heated steam. Then its pushed out during the 

exhaust stroke and out the tail pipe. There it condenses 

back into to water vapor and eventually collects back 

into water. So you start with water and end with water.  

II. DIFFERENT TYPES OF HHO GENERATOR (HHO) 

Today, there is twelve types of HHO Generators are 

available which are listed below.[11] 

- 8 PLATE HHO DRY CELL 

- 21 plate HHO dry cell 

- 11 plate HHO dry cell 

- Seven series isolated cell HHO generates 

- High efficiency HHO electrolyzer 

- The triple cell HHO booster 

- Heavy duty HHO booster 

- The hostabi booster 

- The hostabi power booster 

- Small engine HHO booster 

- Plate smk2 HHO booster 

- The zackwest electrolyzer 

- Pulse width modulation 

- One of the main and most important components 

to a good HHO gas system is the PWM (Pulse 

Width Modulator). This little electronic circuit 

board resides in the EC electronic control box 

and monitors the electrical pulses flowing 

throughout the HHO system and regulates the 

flow so that the best possible hydrogen gas is 

produced by the on demand hydrogen generator. 

- If your running any HHO generator you will need a 

Pulse Width Modulator(PWM) to better control the 

amperage, prevent your system from overheating 

and to produce more HHO output. This unit is 

based on the Stanley Meyer design and uses a self 

cooling fan to keep the heat sink and the unit cool 

while in use. 

- Pulse Width Modulation, is a method of 

transmitting information on a series of pulses. The 

PWM, as it applies to HHO generators control, 

is a way of delivering energy through a 

succession of pulses, changing the frequency, 

rather than a continuously varying (analog) signal. 

- It will allow you to control of the amperage going 

into the generator in a very easy way. This ability 

keeps the cell running at cool operating 

temperatures and prolongs the life of the cell while 

increasing the HHO output. 

- This is one of the most important gadgets in your 

HHO system. It keeps the gas water ratio correct to 

make your engine run smoothly and efficiently by 

pulsing the current rapidly on and off. This 

prevents overheating of the HHO generator and 

keeps things at a manageable temperature. 

- The PWM is an important part of the brains of your 

HHO kit. The whole reason to convert to hydrogen 

as a fuel enhancer is 
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III. WORKING PRINCIPAL OF HHO GENERATE 

IN IC ENGINE 

Hydrogen Conversion kits effectively turn your vehicle 

into a Hydrogen Hybrid by producing and injecting 

hydroxy gas (HHO) into your vehicle's air intake system. 

It works by utilizing a 100 year old proven technology 

called electrolysis. 

 
 

Fig. 2:  Working Principle of HHO Generate [9] 

By placing two pieces of metal in distilled water, and 

applying electricity, the water (H20) can instantly be 

separated into Hydrogen and Oxygen. The separated 

gas molecules surface and regroup to form HHO Gas, 

which is an unbounded mixture of Hydrogen and 

Oxygen. 

This Hydroxyl Gas is then injected into your 

vehicle's air intake system as a Supplemental Fuel.  

HHO Gas has proven to increase mileage while 

improving horsepower and lowering emissions. 

The HHO gas generated from the electrolyses is sucked 

into your engine's air intake system as shown in the 

diagram below. The entire system uses your engine's 

vacuum pressure to suck in more HHO gas as engine 

speed increases. 

This is a supplemental fuel injection system. 

A water container and electrolyze is placed on the 

vehicle. fill it with DISTILLED WATER and an 

ELECTROLYTE MIXTURE. The device gets vacuum 

and electricity from the engine and produces HHO. The 

HHO gas is supplied to the engine's intake manifold by 

air induction through the air intake. The device 

connects vehicle battery via the ignition switch or 

other "POWER ON ONLY" input, to prevent HHO 

production when the engine is off. 

This small device forces each liter of water to expand 

into 1833 liters of COMBUSTIBLE gas. The effects of 

this technology are lowered missions and improved 

efficiency as a result of creating a more complete 

combustion. As any mechanic will tell you, today's 

internal combustion engines suffer from poor 

efficiency of 15 -20% while 80 - 85% of the gasoline, 

instead of being converted to forward motion, is 

converted to pollution and heat in the cooling 

system. This device provides a reduction to each of 

these factors contributing to the poor efficiency of 

engine and low gas mileage. 

With electricity from vehicle's battery HHO is being 

produced from water (and often catalyst like KOH or 

NAOH) HHO gas is directed to vehicle's air-intake. In 

general, because the HHO gas is, mixed with air, a 

highly (better) explosive gas will be needing between 

8% and 35 % less conventional fuel like gasoline, diesel, 

LPG, biodiesel etc. 

With other words, it helps to get more power out 

of your conventional fuel. Maybe even more important - 

air pollution will be significantly reduced (20-60%). 

 
Fig. 3:  Hydrogen Intake in IC Engine with HHO [9] 

The electrical connections are just as simple. The 

device by-passes any complication by simply 

connecting the negative wire to your battery and the 

positive wire to your ignition switch or fuel pump. 

This ensures that your HHO Generator will not 

activate unless your vehicle is turned on. The entire 

system is also fully protected by an inline 30 Amp 

fuse, which will blow to prevent damage to your HHO 

cell. 

 
Fig. 4:  HHO Construction [9] 

After researching and testing many different HHO 

Generator designs of all materials, shapes and sizes, we 

gathered all the best designs that worked and put them 

into one huge package called the HHOSuperPack! 

Through extensive testing and research, we've found 

the best Hydrogen Generators that can produce the 

most HHO gas while using the least amount of battery 

power. 

IV.  HOW HHO WORK IN ENGINE. 

Hydroxy gas is in brown colour and the form of unseparated 

hydrogen and oxygen generated by the electrolysis process 

of water (NaOH, KOH or NaCl additives for more HHO 

production and optimum molality to keep electrical 

resistance-conductivity balance) by a unique electrode 

design. Hydrogen and oxygen did not form into O2 and H2 

molecules. They were in their monoatomic state (a single 

atom per molecule). Water was split by electricity to form 

its various elements, oxygen and hydrogen. When HHO 

mixture was ignited, both explosion and implosion occured 

to form water, releasing the energy that was found in the 

bonds of the two elements in the form of heat. In the 

monoatomic portion, there weren’t any atomic bonds needed 
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to be broken (the bonds of the H2 and O2 respectively) 

before turning back intowater. The key difference of HHO 

gas was the fact that some of the hydrogen and oxygen 

never go into a diatomic state. Hence, HHO gas had more 

energy because these bonds were never made. In this state, 

which was an unstable state of H2O vapor, more energy was 

achieved compared to hydrogen burning with oxygen. 

Pulverized water clashed the fuel and they united. Water 

became the core and the fuel tended to be the water shell 

(due to density difference). During compression stroke, 

pressure and heat increased, the water exploded to steam 

and consequently, the fuel got atomized. After ignition, in-

cylinder temperature increased rapidly which resulted water 

to be splitted into hydrogen and oxygen and reigniton 

occured which yielded increased combustion efficiency. 

Due to the oxgen atoms coming out with hydrogen 

(monoatomic structure), autoignition temperature of 

hydroxyl was not as high as hydrogen (diatomic structure). 

Thus, Hydroxy gas did not need an external ignition source 

like spark or glow plug and due to the simultaneous 

production and consumption of hydrogen; no storage was 

necessary, which resulted in safe operation. Hydroxy gas 

was generated and used as a sole fuel in petrol engine to 

benefit from peculiar features and minimize disadvantages 

of hydrogen. It was observed that Hydroxy system provided 

advantages in engine performance, emissions and specific 

fuel consumption at high engine speeds under lean 

conditions. At mid and low speeds, these specifications 

turned into disadvantages, due to minimum ignition energy 

of hydroxyl which is a strongly decreasing function of 

equivalence ratio, pre-ignition and knock occured. Also, low 

lean-flammability limit of  Hydroxy resulted advantages 

only under dilute (lean) conditions unless hecu was added to 

the HHO system. 

V.  MAIN COMPONENTS OF HHO   

1. DC Gated Pulse Generator(PWM- Pulse Width 

Modulator) 

2. High Voltage Power Supply (Battery) 

3. Tubes  

VI.  ASSEMBLY OF HHO KIT  

 

Fig. 7:  HHO Kit System 

VII.  SPECIFICATIONS 

- HHO Generator Kit complete with Cell, PWM, 

high pressure flexible tube, connectors and 

electrical wires.    

- May increase the mileage by 20% - 80%  of a 75 cc 

to 150 cc Scooter and Bike. 

- Cell Dimensions : ~ 7.5" long, 2.5" Dia  

- Tube  : Flexible tube of ID 4 mm 

- Cell :  Dia 110mm Height: 11" made of Acrylic/ 

Polycarbonate  

- Cell Weight ~ 2.5 Kgs 

VIII. COMPARISON OF  PETROL AND HHO PROPERTY[10] 

TABLE 1: Comparison of property  

Table - The properties of hydrogen 

Properties  Petrol Hydrogen 

Autoignition temperature (K)  530 585 

Minimum ignition energy (mJ)  - 0.02 

Flammability limits (volume % 

in air) 

 0.7 – 5 4-75 

Stoichinometric air-fuel ratio on 

mass basis 

 14.5 34.3 

Limits of flammability 

(equivalence ratio) 

 - 0.1 - 7.1 

Density at 16 
0
C and 1.01 bar 

(kg/m
3
) 

 833 - 

881 

0.0838 

Net heating value (MJ/kg)  42.5 119.93 

Flame velocity (cm/s)  30 265 - 325 

Quenching gap in NTP air (cm)  - 0.064 

Diffusivity in air (cm
2
/s)  - 0.63 

Research octane number  30 130 

Motor octane number  - - 

    

IX.    EXPERIMENTAL SETUP 

 
 

Fig. 8: 
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Fig. 9: 

X.  ENGINE SPECIFICATION & TEST RIG 

TABLE 2 Engine Specifications 

No of cylinder 1 

Engine Hp 2 BHP (1.49 KW) 

Displacement 79.6 cc 

Cooling Air Cooled Engine 

Bore & Stroke 48 mm x 44 mm 

Compression Ratio 7:1 

RESULT AND DISCUSSION 

 Brake Thermal Efficiency For Test Engine With 

HHO A Without   HHO  

 
GRAPH 4: Brake Thermal Efficiency v/s Brake 

Power 

It has been observed from graph no (4) of Brake 

Thermal Efficiency v/s Brake Power that brake 

thermal efficiency of test engine is improved by 

using HHO compared to without HHO. And it is 

maximum at 0.85 KW brake power and it is increase 

by 14% and minimum at 0.377 KW brake power and 

it is increased by 9.2% for using HHO. Brake 

Thermal efficiency increase 10-15% with use of 

HHO. Presence of hydrogen released greater energy 

during the process of combustion. that is increase the 

brake mean effective pressure inside the combustion 

chamber more work is done onto the piston which 

increase brake power of the engine as well increase in 

brake power increase the thermal efficiency of the 

engine.  

 Fuel Consumption For Test Engine With HHO 

And Without HHO  

 
GRAPH 5:Fuel consumption v/s Brake Power 

It has been observed from graph no (4) of Fuel 

Consumption v/s Brake Power that brake thermal 

efficiency of test engine is improved with using HHO 

compared to without HHO.  it is decrease 25% at 

1.03 KW brake power. Hence Fuel Consumption  

increase 10-25% with use of HHO. The reduction in 

fuel consumption is due to a better combustion; the 

uniform mixture of air especially the oxygen of the 

original ratio and HHO gas which assists gasoline 

during combustion process. The properties of 

hydrogen in oxy hydrogen gas such as a short 

quenching distance ,high flame speed and wide 

flammability range help the petrol fuel to be 

combusted completely 

 Indicated Thermal Efficiency For Test Engine C.

With HHO And                 Without HHO 

 
GRAPH 6: Indicated Thermal Efficiency v/s Brake 

Power 

It has been observed from graph no (6) of Indicated 

Thermal Efficiency v/s Brake Power that brake 

thermal efficiency of test engine is improved with 

using HHO compared to without HHO.  it is 

maximum at 0.85 KW brake power and it is of 23% 

and minimum at 1.03 KW brake power and it is of 

14% for using HHO. Presence of hydrogen released 

greater energy during the process of combustion. that 

is increase the brake mean effective pressure inside 

the combustion chamber more work is done onto the 

piston which increase brake power of the engine as 
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well increase in indicate power increase indicate 

thermal efficiency. 

 Mechanical Efficiency For Test Engine With 

HHO And Without HHO  

 
GRAPH 7: Mechanical efficiency v/s Brake Power 

It has been observed from graph no (7) of 

Mechanical Efficiency v/s Brake Power that 

Mechanical efficiency of test engine is improved with 

using HHO compared to without HHO.  it is 

maximum at 0.9 KW brake power and it is of 16% 

and minimum at 0.3778 KW brake power and it is 

of8% for using HHO.Brake Thermal efficiency 

increase 5-20% with use of HHO. Presence of 

hydrogen relases greater energy during the process of 

combustion.that increase the brake mean effective 

pressure inside the combustion chamber. work is 

done onto the piston which increase brake power of 

the engine as well increase in brake power increase 

the thermal efficiency of the engine. so that 

mechanical efficiency increase. 

 Specific Fuel Consumption For Test Engine With 

HHO And Without HHO  

 
GRAPH 8: Specific fuel consumption v/s Brake 

Power 

It has been observed from graph no (8) of 

Specific Fuel Consumption v/s Brake Power that SFC 

of test engine is improved with using HHO compared 

to without HHO. and it is maximum  decrease at 1.03 

KW brake power and it is of 25% and minimum 

decrease at 0.55 KW brake power and it is of 10.2% 

for using HHO. Brake SFC decrease 10-25% with 

use of HHO. The reduction in fuel consumption is 

due to a better combustion; the uniform mixture of air 

especially the oxygen of the original ratio and HHO 

gas which assists gasoline during combustion 

process. The properties of hydrogen in oxy hydrogen 

gas such as a short quenching distance,high flame 

speed and wide flammability range help the petrol 

fuel to be combusted completely. 

 CO For Test Engine With HHO And Without 

HHO  

 
GRAPH 9: CO v/s Brake Power 

      It has been observed from graph no (9) of CO v/s 

Brake Power that CO of test engine is improved with 

using HHO compared to without HHO.  it is 

maximum  decrease at 1.03 KW brake power and it is 

of 75% and minimum decrease at 0.3 KW brake 

power and it is of 25% for using HHO. CO decrease 

25-80% with use of HHO. 

     As engine lubrication oil film sticks onto the 

cylinder wall and burn with the air-hydrogen mixture, 

it can account for these of carbon emission .absence 

of carbon in hydroxyl gas is a major reason for CO 

reduction. 

 CO2 Engine With HHO And Without HHO  

 
GRAPH 10: CO2 v/s Brake Power 

It has been observed from graph no (10) of CO2 v/s 

Brake Power that CO2 of test engine is improved with 

using HHO compared to without HHO.  it is 

maximum  Increase at 0.3-0.6 KW brake power and it 

is of 40% and minimum decrease at 1.03 KW brake 

power and it is of 15% for using HHO.CO2 decrease 

15-50% with use of HHO. 
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 HC Engine With HHO And Without HHO  

 
GRAPH 11: HC v/s Brake Power 

It has been observed from graph no (11) of HC v/s 

Brake Power that HC of test engine is improved with 

using HHO compared to without HHO. and it is 

maximum  decrease at 1.03 KW brake power and it is 

of 80% and minimum decrease at 0.5 KW brake 

power and it is of 55% for using HHO. HC decrease 

50-80% with use of HHO. 

Short quenching distance and wide flammability 

range of hydrogen yield engine to expel less HC 

emission. 

XI. CONCLUSION 

This study mainly focused on the investigation of 

usability of hydrogen as fuel in a small engine with 

carburetor without modification. A small engine with 

carburetor was adopted for hydrogen fuel . The 

engine was tested to determine the effect of the 

hydrogen usage on fuel consumption and emission. 

1. The specific fuel consumption was reduced by 

about 20-30% when running with HHO since 

lower heating value of HHO is very high relative 

to that gasoline. 

2. Traces of HC emission were seen at HHO 

operation due to vaporizations of the lubricating 

oil. 

3. As the lubrication oil passed into combustion 

chamber, some very little emission were 

observed when running with the HHO. 

4. The engine efficiency was increased by about 10-

30% when running with the HHO. 
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