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Abstract— The rapid depletion of fossil fuels (i.e. petroleum, natural gas) leading the human race to think of some 

alternative fuels that should be efficient like conventional fuels. Hydrogen or Oxy-hydrogen, produced after the 

electrolysis of water gives the exact amount of energy even more, to run an IC engine with increase in overall efficiency. In 

this current paper the study examines the production of hydrogen from water more efficiently, direct injection of 

hydrogen or oxy-hydrogen into the engine, in-cylinder heat transfer and performance characteristics of hydrogen fuel 

engine. The experimental setup mainly consists of a two stroke diesel engine test rig coupled to a rope brake 

dynamometer. The performance of the hydrogen fuel engine is compared with the performance by taking diesel as fuel in 

the same engine setup. There is no modification done to the engine block for the use of hydrogen fuel. Some cautions are 

taken to avoid backfire phenomena. The combustion process has water one of the by-products which also decreases the 

temperature of the combustion process. The final result concludes the notable increase in brake thermal efficiency of 

about 1% to 5% than that of regular conventional diesel engine. 

 

 

Index Terms—Oxy-hydrogen, Hydrogen, IC engine, Electrolysis, Water 
________________________________________________________________________________________________________ 

I. INTRODUCTION  

The decreasing layer of fossil fuels in earth’s crust has now become one of the major crisis for the world to deal on. The increasing 

rate of vehicle production is also multiplying the blunder of greenhouse effect and ozone layer depletion. So it’s natural to think up 

of some alternative fuel which is more efficient and less harmful in terms of CO or NOx emission. Dissociation of water in its 

primitive states gives rise to hydrogen and oxygen and as we know hydrogen is a very combustible product with an energy density 

of 121 MJ/kg and it doesn’t emit any harmful components into the environment making it one of the strongest contenders in this 

race. It also requires a little bit of energy of ignition to produce wide range of tremendous flammable temperature in a lightning 

speed. As a result it increases the engine performance, torque, and millage and minimizes fuel consumption. The method that is 

widely adopted to produce oxy-hydrogen is by applying a constant voltage potential across the electrode in the electrolyze cell. The 

present experiment aims at including a wet type oxy-hydrogen generator setup which can safely produce oxy-hydrogen (HHO gas) 

and make it to work with a commercially available petrol engine test setup. Oxy-hydrogen is produced the electrolytic dissociation 

of water and more conductive is the water more prone to dissociation. So electrolyte of known concentration is added to the water 

to know at what concentration, generation rate is maximum. Different types of electrolyte can be used to know which electrolyte 

gives maximum efficiency. The rate of flame propagation of oxy-hydrogen is very high and there is chance of flashback in the 

generator system. To prevent it a flashback arrestor is used which acts as a hindrance in between the engine and the generator shell. 

During burning of HHO a high explosion occurs inside the engine and gives off a tremendous amount of energy and automatically 

reverts to water vapour at once. Due to this engine not only gets higher torque but also the cooling rate is increased by several 

times. 

 

II. MATERIALS REQUIRED 

The setup used in this experiment is well fabricated, well tested and well checked for compatibility with the test engine. The effect 

of oxy-hydrogen or hydrogen on the performance of two stroke petrol engine was achieved due to the compatibility of a wet type 

generator shell which is custom made and exclusively used for this purpose. 

 

Generator Cell 

The generator container is made up of polyethylene terephthalate which is also known as PETE or PET. It is the actual name of the 

plastic that we are using as the contents of beverage bottles placed under the resin identification code SPI1 (society of the plastics 

industry). The material is stiff, has excellent dimensional stability and as it is light, so easily portable, making it suitable for this 

purpose. The container capacity is 1.5L. The cap of the generator shell has two passages for the installation of two electrodes and 

one passage for the way out for oxy-hydrogen gas. The gaps are tightly sealed by using some sort of adhesives. (i.e. m-seal) 

 

Electrodes 

The properties of the electrodes should be corrosion resistance, high electricity conductive, high water resistance. The cheap and 

easily available material which qualifies all the requisites is stainless steel. It is stain-free, corrosion resistive and a good 
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conductor. We are using two stainless steel plates of thickness 0.5mm as electrodes. The two electrodes are given a considerable 

amount of space in between them so that the electrolytic solution can stay in between them and act as a conductor. This completes 

the circuit and as soon as the voltage potential is provided at the two ends of the electrodes, oxy-hydrogen will start bubbling out 

of the system. 

 

Electrolyte 

The more conductive is the water in between the electrodes, the more is the rate of dissociation. So in order to make water 

conductive we have to add some suitable electrolyte. Electrolytes such as potassium oxide (KOH) and sodium oxide (NaOH) have 

no effect or very little effect on stainless steel. So both electrodes and electrolytes have minimal tendency towards mutual 

reaction. A 1.5L solution needs 20% electrolytes (weight-volume ratio) for this experiment. As we are using sea water for 

experiment there may not need of any electrolytes because it contains a high amount of salt and minerals itself. 

 
Flashback arrestor 
A flashback arrestor is something which doesn’t allow the fire flash back to the generator shell. It is a handmade component 

which is incorporated with the oxy-hydrogen generator shell. It is about same size as the generator shell and this container is also 

made up of polyethylene terephthalate (which is known as PETE or PET). Inside the container there is hollow space. It is partially 

filled with water and rest of the space is for suppressing the flashback. Safety equipment such as pressure diminishing valves are 

used for releasing the high pressure induced inside the arrestor container. 

 

III. EXPERIMENTAL SETUP 

Here in this experiment HHO generator uses the process of electrolysis to break down the water (H2O) molecule into 2 hydrogen 

and 1 oxygen. HHO gas is highly combustible much more than gasoline or diesel, so when the engine ignites the hydrogen the 

explosion burns the fuel with better results i.e. more cleaner, less waste and less emissions. 

The oxy-hydrogen explosion is so fast that it fills the combustion chamber much faster than the other fuels explosion does. 

                                                                                                            

 
                       Fig 1- HHO generator                                                         Fig 2- HHO generator with bubbler tank 

 

 

 

Type Compression Ignited 

Cycle Two stroke, Water cooled 

No. Of Cylinder 1 

Speed Control Self-Governed 

Capacity 175 cc 

Maximum Power 5hp @1500 rpm 

Dynamometer Rope Brake Type  

Table 3.1 Engine Specification 
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Procedure 

Measurements 

 
1. Calibrated fuel burette for fuel consumption measurement.   
2. Orifice meter, fitted to air inlet tank with water manometer for air intake measurement.   
3. Multichannel digital temperature indicator for temperatures at various points.   
4. Exhaust gas calorimeter to measure heat carried away by exhaust gases.  

 
     Methodology 
 

1. The oil level in the engine must be checked. It should be up to the top of flat portion provided over the oil dipstick. If oil 
level is reduced, some clean SAE-40 oil is added to the crank case by opening the valve cover at the top of the engine. 
Make sure the cover is sealed tightly after filling the oil.  

2. The fuel tank should be filled with sufficient amount of diesel. 
3. The connections of all the points in rope brake dynamometer are confirmed. The position of loads is checked. As we are 

using mechanical loading the weighing machine should be in better position. 
4. If the fuel tank was empty before filling the fuel, then remove the air bubbles from the fuel pipe. The vent screw is 

provided at the right side, top of the fuel pump to remove the air. 
5. The engine is started by pulling the rope incorporated with it. 
6. The burette filling cock is opened and sufficient amount of diesel is poured. Then the cock is closed. 
7. Now the selector cock is turned to burette position and time taken for the consumption of 10 ml of diesel is noted down. 
8. The speed of the generator shaft is noted down by using digital tachometer. 
 
Time taken for consumption 10 ml of fuel with and without HHO in diesel engine 
 

Serial 
no. 

Fuel consumed Time taken under normal fuel 
(diesel) (in sec) 

Time taken with secondary 
fuel(HHO) (in sec) 

1 10ml 102 117 
2 10ml 104 118 
3 10ml 105 116 
4 10ml 106 117 
5 10ml 104 120 
  Avg=104.2 Avg=117.6 

 
Table 3.2- Comparing the time for consuming 10ml of fuel with and without HHO in diesel engine 

 
    Under normal condition average time taken for 10ml of fuel consumption =104.2 
    Using HHO gas the average time taken for 10ml of fuel consumption=117.6 
 
    So we save 13.4sec for every 10ml of fuel consumption 
     
    For our convenience, 
    Ordinary fuel consumed i.e. normal conditions 1ml = 10.42sec 
   This can be converted to lit/hr i.e. 

 
     (10.24 X 1000)/3600 = 3.15lit/hour 

 
     Similarly for HHO gas 

 
     13.4sec for every 10ml 

 
     1340sec for every liter 
 
     In terms of liter/hour = 3.04liter/hour 

  
    Therefore, (3.15 –3.04) = 0.11lit is being saved for an hour.  
    In terms of fuel that is being saved 11 X 60 = 660sec = 660/11.76 = 56.12ml.  
    So we save 56.12ml for every liter of fuel i.e., 7.08% of fuel is saved. 

 
    In terms of rpm (under no load conditions): 

    Under normal conditions = 600rpm  
    Using HHO gas = 618rpm 
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Performance test on four stroke diesel engine by mechanical loading using diesel only 
 

Serial 
No. 

Fuel 
consumption 
(kg/hr) 

Brake power 
(KW) 

Specific fuel 
consumption 
(kg/KW.hr) 

Indicated 
power 
(KW) 

Mechanical 
efficiency 
(%) 

Brake 
thermal 
efficiency 
(%) 

1 0.23 0.42 0.56 1.12 37 14 
2 0.31 0.9 0.34 1.6 55 23.5 
3 0.35 1.34 0.256 2.02 64 31 
4 0.49 1.70 0.27 2.41 70.1 28.5 
5 0.62 2.28 0.26 2.99 75 29.5 

  
Table 3.3- Performance test on four stroke diesel engine by mechanical loading using diesel only 

 
Performance test on four stroke diesel engine by mechanical loading using the HHO gas 
 

Serial 
No. 

Fuel 
consumption 
(kg/hr) 

Brake power 
(KW) 

Specific Fuel 
consumption 
(kg/KW.hr) 

Indicated 
power 
(KW) 

Mechanical 
efficiency 
(%) 

Brake 
thermal 
efficiency 
(%) 

1 0.17 0.41 0.42 1.11 37.1 15.1 
2 0.25 0.9 0.276 1.6 56.5 25.5 
3 0.296 1.35 0.21 2.02 65.4 33.4 
4 0.41 1.7 0.24 2.41 71 32 
5 0.56 2.28 0.22 3.00 76.5 31.5 

 
Table 3.4- Performance test on four stroke diesel engine by mechanical loading using the HHO gas 

 
Calculations 

1. Brake Power 
 
BP =  (2NT)/60 X 1000 

 
Where, N= Speed of the Shaft= 1580 rpm 
             T= Torque= (4 X 9.81) X 0.141= 5.34 N/m 
 
BP = 0.91KW 

2. Fuel Consumption 
 
Let time required for 10ml of fuel be tf sec and density of diesel is 0.85gm/cc 
 
FC= (10/tf) X (3600/1000) X 0.78=28.08/90= 0.31 kg/hr 
 
Where tf  = time for 10ml fuel to be consumed= 90sec 

3. Specific Fuel Consumption 
 
SFC=       =0.31/0.91= 0.34 kg/kw.hr 

4. Heat supplied by fuel 
 
HF = FC X 42630 KJ/hr. = 0.312 X 42630 = 13300.56 kJ/hr. 

 

Where, calorific value of diesel is 42630 KJ/kg 

FP = 0.7 
 

5. Indicated Power 
 

              IP = FP + BP kW 

 
= 0.7 + 0.91 = 1.61 KW 

6. Mechanical Efficiency 

 

Ƞm = (BP/IP) X 100% = (0.91/1.61) X 100 = 55% 

7. Brake Thermal Efficiency 

 

Ƞbt   = 
          

                     
        = 

           

       
       = 23.5% 
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IV. CONCLUSION 

    HHO gas technology is still considered experimental but it is a supplemental fuel additive of sorts that could help you 

increase mileage, increase horsepower, reduce emissions while providing a quieter and cleaner engine. Energy must be 

conserved in one way or other so we are trying to implement this in the future. This might be a good plan to save the 

environment. It is clear from the various investigations and analyses that hydrogen has the potential to be a very promising 

ecofriendly fuel. Harmful emissions are almost negligible when compared to gasoline and other fossil fuels, and there is no 

cause of concern relating to the sustainability of the fuel as hydrogen is a vastly abundant element. Uniform and improved 

mixing of hydroxyl-air and oxygen content of HHO stimulate combustion which has a major effect on SFC by using an 

adequate capacity system. Wide flammability range, high flame speed and short quenching distance of hydroxyl yield diesel 

fuel to be combusted completely under high speed conditions and low speed conditions. 
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