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Abstract- The project aims at partial replacement of diesel with the hydrogen in a diesel engine .In the current energy 
scenario the substitution of diesel with some alternate fuel is significant. Main aim is to produce hydrogen from water by 
electrolysis. Water is cheap and more available and there by the project aims in producing hydrogen from water by 
electrolysis and utilizing it in partial substituting of diesel with hydrogen in diesel engine. Production of hydrogen from an 
electrolytic cell with various types of electrodes are tested by trial and error and found that production of hydrogen from 
aluminum electrodes was found to be more volumetrically and also advantages in many ways.  The gas produced in the 
cathode was confirmed as hydrogen and combustible. It is mixed with diesel in the inlet manifold of the engine. Comparative 
load test done with pure hydrogen and diesel and hydrogen in dual mode. Readings are taken for fuel consumption and 
emission with respects to time at various loads.  
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I. INTRODUCTION 
 
By products from conventional hydrocarbon fuels 
like hydrocarbon, nitrogen oxides, carbon monoxides 
and carbon dioxides are responsible for the global 
worming which is one of the major problems the 
scientific community is facing today. Major 
pollutants causing acid rains are the byproduct of 
combustion process in the combustion chamber of an 
internal combustion engine. HC refers to 
Hydrocarbon which is another term for the unburnt 
fuel that makes its way through the engine and out the 
exhaust is main reason for the smog coming out from 
engine. High compression ratio engines especially CI 
engines emits NOx refers to nitrogen oxides which is 
bad emission to breath at high levels. CO and CO2 
refer to carbon mono-oxides and carbon dioxides 
causes’ headache and eventually death by hold up O2 
from human body, if it exists in large quantities. Also 
both contribute to green house effect as well [1]. 
Catalytic convertor loaded in the exhaust pipe can 
reduce majority of the emissions but not to sufficient 
levels. Amongst all, hydrocarbons are usually the 
worst problems for the automobile power plants. How 
much we try to compensate with alternative options 
like cars working with electric motors, solar panels 
but the bottom line is that we are still lagging behind 
in the technical aspect compared to petroleum fuels. 
So not to compete with petroleum fuels but to help 
petroleum fuels to exist longer life in turn help to 
survive this ever demanding automobile industry. So 
in order to conserve petroleum fuels for future and to 
eliminate the above limitations there is a need of 
alternative and innovative fuel.  
 
Amongst many alternative fuels available hydrogen 
gas is under study in this research work. Electrolysis 
of water can give us hydrogen in form of Brown’s gas 

(HHO gas) [2] or oxy-hydrogen gas, which can be 
used as an alternative fuel for any internal 
combustion engine. Various methods for the 
generation of hydrogen gas are discussed in the 
coming paragraphs. An agricultural waste like rice 
husk, wood dust, and dried coconut leaves etc can 
also be used as an alternative fuel for S.I or C.I 
engines.  
 
II. PROPERTIES OF HYDROGEN GAS 
 
Hydrogen Gas is produced in a common-ducted 
electrolyser & then sent to the intake manifold to 
introduce into combustion chamber of the engine. 
Hydrogen gases will combust in the combustion 
chamber when brought to its auto-ignition or self 
ignition temperature. For a stoichiometric mixture at 
normal atmospheric pressure, auto-ignition of 
hydrogen gas occurs at about 570°C (1065°F). The 
minimum energy required to ignite such a mixture 
with a spark is about 20 micro joules. At normal 
temperature and pressure, Hydrogen gas can burn 
when it is between about 4% and 94% hydrogen by 
volume. When ignited, the gas mixture converts to 
water vapour and releases energy.  
 
The amount of heat released is independent of the 
mode of combustion, but the temperature of the flame 
varies. The maximum temperature of about 2800°C is 
achieved with a pure stoichiometric mixture, about 
700°C hotter than a hydrogen flame in air. Hydrogen 
gas has very high diffusivity. This ability to disperse 
in air is considerably greater than gasoline and it is 
advantageous in mainly two reasons. Firstly it 
facilitates the formation of homogeneous air fuel 
mixture and secondly if any leak occurs it can 
disperse at rapid rate. Hydrogen gas is very low in 
density. This results in a storage problem when used 
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as a fuel in an internal combustion engine which is 
loaded on automobile. 
 
III. METHODS OF HYDROGEN GAS 
GENERATION 
 
There are two general methods which are used in this 
research work for the generation of hydrogen gas. 
The first method [6] makes use of the basic principle 
of faradays law. An electrolytic cell is used for the 
decomposition of distilled water (H2O) in to HHO. 
Heat is generated due to this electrolysis process, so 
KOH / NaHCO3 may be added gradually to 
accelerate the decomposing of H2O in to HHO and 
assure control of the heat generation. An electrical 
power source is connected to two electrodes, or two 
plates typically made from some inert metal such as 
platinum or stainless steel which is placed in the 
water. In a properly designed cell, hydrogen will 
appear at the cathode (the negatively charged 
electrode, where electrons enter the water), and 
oxygen will appear at the anode (the positively 
charged electrode). Assuming ideal faradic 
efficiency, the amount of hydrogen generated is twice 
the number of moles of oxygen, and both are directly 
proportional to the total electrical charge conducted 
by the solution. Following are the reactions normally 
take place at cathode 
 
Splitting water with electricity to produce hydrogen 
and oxygen the chemical equation for electrolysis is: 
   

 
Energy (electricity) +2H2O → O2 + 2H2 

 
At cathode there is a negative charge created by the 
battery. This means that there is an electrical pressure 
to push electrons into the water at this end. At the 
anode there is a positive charge, so that electrode 
would like to absorb electrons. But the water isn’t a 
very good conductor. Instead, on order for there to be 
a flow of charge all the way around the circuit, water 
molecules near the cathode are split up into a 
positively charged hydrogen ion, which is symbolized 
as H+ in the diagram above and a negatively charged 
“hydrogen” ion, symbolized OH: 

 
 

 
The expected that H2O would break up into an H and 
an OH (the same atoms but neutral charges) instead, 

but this doesn’t happen because the oxygen atom 
more strongly attracts the electron from the H-   it 
steals it( we say the oxygen atom is more 
“electronegative “than hydrogen). This theft allows 
the resulting hydroxide ion to have a completely 
filled outer shell, making it more stable. 
 
But the h+, which is just a naked proton, is now free 
to pick up an electron symbolized e- from the 
cathode, which is trying hard to donate electrons, and 
become a regular, neutral hydrogen atom  

 

 
 

This hydrogen atom meets another hydrogen atom 
forms a hydrogen gas molecule 

 
And this molecules bubbles to the surface to the 
surface and wa-la! We have hydrogen gas. Mean 
while, the positive anode has caused the negatively 
charge hydroxide ion (OH) to travel across the 
container to the anode. 
 
In pure water at the negatively charged cathode, a 
reduction reaction takes place, with electrons (e−) 
from the cathode being given to hydrogen cations to 
form hydrogen gas (the half reaction balanced with 
acid): 
 
Reduction at cathode: 2 H+(aq) + 2e− → H2(g) 
At the positively charged anode, an oxidation reaction 
occurs, generating oxygen gas and giving electrons to 
the anode to complete the circuit: 
 

Oxidation at anode: 2 H2O(l) → O2(g) + 4 H+(aq) + 
4e− 

The same half reactions can also be balanced with 
base as listed below. Not all half reactions must be 
balanced with acid or base. Many do, like the 
oxidation or reduction of water listed here. To add 
half reactions they must both be balanced with either 
acid or base. 

 
Cathode (reduction): 2 H2O(l) + 2e− → H2(g) + 2 

OH−(aq) 
Anode (oxidation): 4 OH−(aq) → O2(g) + 2 H2O(l) + 

4 e− 
 
Combining either half reaction pair yields the same 
overall decomposition of water into oxygen and 
hydrogen: 

Overall reaction: 2 H2O(l) → 2 H2(g) + O2(g) 
 
The number of hydrogen molecules produced is thus 
twice the number of oxygen molecules. Assuming 
equal temperature and pressure for both gases, the 
produced hydrogen gas has therefore twice the 
volume of the produced oxygen gas. The number of 
electrons pushed through the water is twice the 
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number of generated hydrogen molecules and four 
times the number of generated oxygen molecules. 
 

  
 

 
Figure 1 Arrangements of Electrodes in first design of 

Electrolyser 
 

 
 

 
Figure 2 Arrangements of Electrodes in second design of 

Electrolyser 

In the second method of hydrogen gas generation, 
helical coil instead of aluminum plate by using this 
same concept of water in water by electrical circuit. 
 
Comparison between the methods has been done on 
four factors, first the rate of generation of oxy 
hydrogen gas, second is the increase of temperature 
during the generation; third factor is safety of 
hydrogen generator and fourth factor is its 
implementation on internal combustion engine. 
 
IV. EXPERIMENTAL SET UP AND 
PROCEDURE 
 
No hardware modification in the engine is required 
for the supply of Hydrogen gas. Only an inlet is to be 
given for the entry of the gas into the combustion 
chamber. This entry is provided S.I engine and after 
air cleaner in case of diesel engine, so that the 
Hydrogen gas will get sufficient time to adhere the 
fuel molecules. Thus the hydrogen gas is brought 
inside the combustion chamber just because of engine 
suction pressure.  
 
Thus the Hydrogen usage is compatible with any of 
the running engine. To make the complete Hydrogen 
gas unit, components required are the Hydrogen 
Generator or Electrolyser, Bubbler & Post Air 
Cleaner Joint [10, 11, and 12].  
 
Hydrogen Generator generates Hydrogen gas as 
discussed earlier. Terminals of electrolyser are 
connected to the car battery by means of two 
insulated wires. Insulated wires are attached to the 
plates by means of hard soldering. Soft solder should 
be avoided as due to the rise in temperature there are 
chances that the solder may melt and the wires come 
in contact with adjacent plate leading to generation of 
spark & thus causing explosion of the generator / 
electrolyser. 

 

 
Figure 3 Block Diagram of Hydrogen unit mounted on engine 
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Figure 4 experimental setup 

 
Bubbler is component used for the safety purpose in 
case of backfire from engine. It is filled with water, 
through which Hydrogen gas is allowed to pass; also 
if steam is generated in the generator is condensed 
inside the bubbler. Thus it allows only pure gas to 
enter the engine. As its purpose is just to act as a 
safety device plastic bottle is sufficient it also reduces 
the cost and even if back fire occurs the plastic bottle 
will tear off quickly & avoid strong blast of it. It does 
not allow the ignited gas to reach the generator as the 
water present in it extinguishes the ignited gas.  Refer 

figure 3 for more constructional details of the 
assembly and flow of Hydrogen gas through the 
circuit. 
 
V. INVESTIGATION OF ENGINE 
PERFORMANCE 
 
To check the rate of hydrogen gas generated with 
respect to rate of current rise, a loss of weight of 
electrolyser is noted for given period of time and 
current. Current passing through electrodes is 
increased from 1 ampere to 3 ampere in step of 1 
ampere. Figure 6 shows that with increase in the time 
for which the current is flowing through electrolyser, 
weight of electrolyser decreases. Larger the weight 
loss larger is the gas generation weight. Also with 
increase in amplitude of current the rate of generation 
increases. For larger gas generation it is possible to 
increase the amplitude of current as well. As the 
engine keeps on consuming the hydrogen the level of 
electrolytic solution in the electrolyser decreases 
which further decreases the weight of the lectrolyser. 
 
PERFORMANCE OF ENGINE USING DIESEL AS 
A FUEL 

 

 
Figure 5 performance of engines using along with diesel 

 

 
Figure 6 performance of engines using diesel with hydrogen 

(dual mode) Catalyst: H2SO4 
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Figure 7 performance of engines using diesel with hydrogen 

(dual mode) Catalyst: Hcl 
 

 
Figure 8 performance of engines using diesel with hydrogen 

(dual mode) Catalyst: KOH 
 

 
Figure 9 performance of engines using diesel with hydrogen 

(dual mode) Catalyst: Nacl 
 
COMPARISON BETWEEN CATALYST WITH 
LOAD 

 

 
Figure 10 Comparison between catalyst TFC 

 
Figure 11 Comparison between catalyst BSFC 

 

 
Figure 12 Comparison between catalyst BMEP 

 

 
Figure 13 Comparison between catalyst th 

 

 
Figure 14 Comparison between catalyst mech 
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Figure 15 Comparison between diesel  and KOH (TFC) 

 

 
Figure 16 Comparison between diesel and KOH (BSFC) 

 

 
Figure 17 Comparison between diesel and KOH (BMEP) 

 
 

Figure 18 Comparison between diesel and KOH  (th) 
Figure 19 Comparison between diesel and KOH  (mech) 

 
All the designs of electrolysers were tested on four 
stroke diesel engine, technical specifications of which 
can be seen in table 1. All of them showed the 
improvement in the operating characteristics of 
engines when blend of oxy hydrogen is send with 
conventional fuel. Whichever may be the generation 
method used for production of hydrogen gas, there is 
little effect of it as far as change in the improved 
performance of the engine is concern. 

Table 1 Technical Specifications of engine 
Model Kirloskar AV1 
Stroke  110 mm 

No. of cylinder Single 
Bore  87.5 mm 

Maximum Power  5 BHP @ 1500 RPM 
Rated Output HP(KW)  3.7 KW 

Cooling System  Water Cooled 

In order to investigate the performance of  
hydrogen gas, amongst the various methods for o 
hydrogen gas generation, second design of first 
method is used. The reason for this is the very high 
rate of hydrogen gas generation. To make comparison 
between both the alternative fuels discussed earlier, 
load tests are carried out the same diesel engine. 
Brake Specific Fuel Consumption, Brake Thermal 
Efficiency, Speed and Load are the parameters which 
were kept under observation during the tests. 
Following graphs are used to discuss the comparison. 
Figure 6 shows the variation of brake specific fuel 
consumption with increase in load for the alternative 
fuels. 
 
CONCLUSION 
 
Experimental tests to investigate carried out on diesel 
engine. hydrogen gas has been generated by 
electrolysis process and producer gas by pyrolysis. 
Both the alternative fuels mixed with fresh air before 
entering the combustion chamber. BSFC, Brake 
thermal efficiency, speed and load are the 
performance parameters kept under observation. The 
following conclusions are drawn: 
1. It is very easy to integrate both the alternative fuels 
with existing engine. No major hardware 
modification is required. 
2. Combustion efficiency increases with alternative 
fuels due to presence of hydrogen in the blend. the 
hydrogen and diesel blend has shown best 
combustion efficiency as a result of which larger 
values of BSFC and brake thermal efficiency are 
obtained for the same engine. 
3. Presence of extra oxy in both alternative fuels 
helps to improve the combustion efficiency further 
more. Water vapour is one of byproduct of 
combustion process with hydrogen and diesel blend. 
This decreases the combustion chamber temperature 
and thus decreases the chances of engine detonation.  
4. Cost of the producer gas generation is more 
compared to hydrogen gas generation. Three phase 
AC power source is required for the generation of 
producer gas using pyrolysis process. Oxy hydrogen 
gas module requires only 12 V DC supply from the 
battery. 
5. As far as implementation of both the alternative 
fuels with engine on automobiles is concern, 
hydrogen gas is best suitable compared to producer 
gas. The size of the hydrogen gas generation module 
is less and easy to install under hood of automobile 
engine. The size of the producer gas generation 
module is very large and nearly impossible to fit on 
automobile engines, hence best suitable for the 
stationary engines application like pump, generators 
etc. Coal is coming as one of the byproduct of the 
pyrolysis process, can be used for domestic purpose, 
and hence an added advantage. 
6. Presence of oxy hydrogen gas during the process of 
combustion decreases the hydrocarbon emissions 
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from diesel engine [14]. Reduction in HC is observed 
because of short quenching distance and wide 
flammability range of hydrogen present in large 
quantity in oxy hydrogen and diesel blend. Also an 
increase in turbulence intensity mixing process of 
burnt and unburnt gases increases the oxidation rate 
of HC thereby decreasing the HC emission from 
engine. More percentage of unburnt gases in producer 
gas diesel blend helps in the reduction of NOx from 
the diesel engine same as the exhaust gas 
recirculation (EGR) methods. 
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