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Abstract—In today’s generation everyone is dreaming about 

their own car. Due to this, the number of cars & the demand 

of fossil fuel are increasing day by day. But the main 

problem associated with the use of cars is the fuel economy 

& the pollution created by its use. So to improve the fuel 

economy and to reduce the emission of harmful gases we 

should find an alternative. HHO is one of the best 

alternatives, which helps for the complete combustion of the 

fuel & due to this; it also helps in reducing the emission of 

the harmful gases. The hydrogen, produced by HHO kit, is 

supplied at the inlet manifold of the diesel engine. The 

hydrogen mixes with the air and improves the combustion 

efficiency by complete combustion. We had supplied the 

HHO gas in the proportion of 0.45%, 1.6% and 3.45% with 

the air. We got the desirable results of reducing fuel 

consumption and increasing the brake power by doing so. 

I. INTRODUCTION 

A. The Theory Behind Hydrogen Boosting In Vehicles 

Hydrogen fuel enhancement is a term used to describe the 

supplementation of an internal combustion engine (ICE) 

with hydrogen to improve fuel efficiency and power. 

Automotive fuel enhancement systems inject either a 

hydrogen-rich mixture, or pure hydrogen into the intake 

manifold of the engine. In some cases, this is combined with 

air/fuel ratio and timing modifications. A small amount of 

hydrogen added to the intake air-fuel charge permits the 

engine to operate with leaner air-to-fuel mixture than 

otherwise possible. 

As the air/fuel mix approaches 30:1, the 

temperature of combustion substantially decreases 

effectively mitigating NOx production. Under idle conditions 

power is only required for extraneous components other 

than the drive train therefore fuel consumption can be 

minimized. 

Under most loads near stoichiometric air/fuel 

mixtures are still required for normal acceleration, although 

under idle conditions, reduced loads and moderate 

acceleration hydrogen addition in combination with lean 

burn engine conditions can guarantee a regular running of 

the engine with many advantages in terms of emissions 

levels and fuel consumption. 

Increases in engine efficiency are more dominant 

than the energy loss incurred in generating hydrogen. These 

specifically regard to use of a hydrogen reformer. Overall 

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.  

Hydrogen fuel enhancement from electrolysis of water can 

produce fuel efficiency improvements on the order of 4% 

and similar modest reductions in emissions. 

 

Fig. 1:  Common Layout of HHO System 

B. Hydrogen Injection Methods 

The actual increase from hydroxyl injection, also called 

HHO, hydro-boost, and hydrogen boost; is probably more in 

the region of 15-30%. When combined with other things 

such as proper tire inflation, better driving habits, lubricant 

additives for the oil, preheating of the fuel (very dangerous), 

then it is possible that consistent 50-60% improvement 

could be achieved. 

 

Fig. 2:  Block Diagram of HHO System 

C. Electrolysis Unit 

On board electrolysis of water produces hydrogen and 

oxygen which are added to the air/fuel mixture to increase 

combustion efficiency. Also known as Brown's gas or e-gas 

(electrolysis gas or electrolytic gas). Systems that produce 

less than approximately 25 liters per hour require oxygen 

sensor override to work properly. 

A converter separates water into a gas called HHO 

(2 hydrogen atoms and 1 oxygen atom) HHO gas is also 

known as browns gas or simply hydroxyl, using the 

electricity from the battery of the vehicle. A converter 

produces hydrogen that is required by the vehicle. This gas 

is called Brown Gas, which burns smoothly. It delivers the 
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atomic potency of hydrogen and also retains the stability of 

water. Once burned as fuel in the vehicle the end product is 

H2O. It is easy to install, affordable and a quart of water can 

last for months. 

Fig. 3: Simple HHO System 

HHO is a form of gas created by electrolysis. 

Ordinary water contains a ton of energy, but the trick is to 

get that energy out without using a lot of energy to do so. 

The creation of pure hydrogen gas is impossible. As of now, 

it is not even economical for large corporations. 

Fig. 4: HHO kit installed in a diesel car 

II. EXPERIMENTAL SET-UP 

The setup consists of single cylinder, four stroke, multi-fuel, 

research engine connected to eddy type dynamometer for 

loading. The operation mode of the engine can be changed 

from Diesel to Petrol or from Petrol to Diesel with some 

necessary changes. In both modes the compression ration 

can be varied without stopping the engine and without 

altering the combustion chamber geometry by specially 

designed tilting cylinder block arrangement. 

Table 1:- Technical Specification of Engine 

Model  TV1 

Make Kirloskar Oil Engines 

Type Four stroke Single cylinder, 

Water cooled, Diesel 

No. of cylinder One 

Bore 87.5mm 

Stroke 110mm 

Combustion principle Compression Ignition 

Cubic Capacity (cc) 0.661 liters 

Max. Speed 2000 rpm 

Min. operating speed 1200 rpm 

Connecting rod length 234 mm 

 

Fig. 5: 4-stroke Single cylinder diesel engine test rig 

III. RESULTS AND DISCUSSION 

A. Effect of HHO Gas on Specific Fuel Consumption 

The main thing associated with the use of any engine is the 

fuel consumption of it. Here we have used diesel engine and 

HHO gas. The fuel consumption is significantly decreased 

as we introduced the HHO gas at air inlet. We can see the 

values of fuel consumption at different loads and at different 

proportion of H2 supplied. 

Table 2:- Observation table of Specific Fuel Consumption 

 

Load 

(kg) 
0 2 4 6 8 10 

SFC 

(kg 

per 

kWh) 

0% H2 0.12 0.7 0.43 0.36 0.31 0.28 

0.45% 

H2 
0.09 0.61 0.43 0.34 0.21 0.23 

1.6% H2 0.08 0.53 0.41 0.35 0.20 0.23 

3.45% 

H2 
0.07 0.58 0.44 0.25 0.21 0.25 

 

Graph 1:- Load v/s Specific Fuel Consumption graph 

B. Effect of HHO Gas on Brake Power 

The problem associated with the use of any engine is the 

brake power of it. Here we have used diesel engine and 

HHO gas. The brake power is significantly increased as we 

introduced the HHO gas at air inlet. We can see the values 

of brake power at different loads and at different proportion 

of H2 supplied. 

Table 3:- Observation table of Brake Power 

 

Load 

(kg) 
0 2 4 6 8 10 

Brake 

Power 

(kW) 

0% H2 0.02 0.59 1.14 1.71 2.25 2.71 

0.45% 

H2 
0.02 0.59 1.17 1.63 2.37 2.86 

1.6% H2 0.01 0.63 1.16 1.72 2.28 2.79 

3.45% 

H2 
0.02 0.60 1.14 1.82 2.21 2.77 
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Graph 2:- Load v/s Brake Power graph 

C.  Effect of HHO Gas on CO Emission 

The another problem associated with the use of any engine 

is the CO emission of it. Here we have used diesel engine 

and HHO gas for the engine’s emission analysis by Five gas 

analyzer. The CO emission is significantly decreased due to 

the complete combustion of the fuel, which is the desirable 

result. We can see the values of CO emission at different 

loads and at different proportion of H2 supplied. 

Table 4:- Observation table of CO emission 

  
Load 

(kg) 
0 2 4 6 8 10 

CO 

(%) 

0% 

H2 
0.07 0.06 0.05 0.045 0.04 0.04 

0.45% 

H2 
0.08 0.07 0.04 0.03 0.03 0.02 

1.6% 

H2 
0.085 0.075 0.04 0.04 0.04 0.03 

3.45% 

H2 
0.1 0.095 0.06 0.05 0.04 0.03 

Graph 3:- Load v/s CO emission graph 

IV. CONCLUSION 

From the above mentioned results, we can say that the HHO 

gas can surely be used to increase the fuel economy of the 

diesel engine. We all know that hydrogen gas is highly 

explosive and have to be handled very carefully. So to 

overcome this problem and for safety purpose, here we have 

used the HHO kit. By using HHO kit, we are doing on-board 

HHO gas generation by electrolysis and directly supply the 

produced HHO gas to the air inlet manifold. We got the very 

effective and desirable results of the reduction in specific 

fuel consumption and the increase in brake power of the 

engine as well as the notable reduction in CO emission, by 

supplying the HHO gas at 0.45%, 1.6% & 3.45% proportion 

with air. Here we have checked the effect of HHO gas only 

on the specific fuel consumption and brake power of the 

engine, but we can also test it out for other performance 

parameters and can also do emission analysis. We can 

supply maximum 5% of HHO gas with the air. Because, if 

we try to supply more than 5% of it, we have to face the 

knocking problem in the engine. 

We can use the other methods of producing the 

HHO gas than the electrolysis process of the distilled water 

or we can use other electrolytes like KOH, NaOH, NaCl, 

Detergent powder etc. to produce the HHO gas from it. 

Even different types of electrodes (e.g. graphite) can also be 

used for the electrolysis process. We can also get the 

remarkable results by adopting these methods and 

electrolytes.  

REFERENCES 

[1] Ruggero Maria Santilli, “A new gaseous and 

combustible form of water”, International Journal of 

Hydrogen Energy 31 (2006) 1113 – 1128 

[2] Ali Can Yilmaz, Erinc¸ Uludamar, Kadir Aydin, “Effect 

of hydroxy (HHO) gas addition on performance and 

exhaust emissions in compression ignition engines”, 

international journal of hydrogen energy 35 (2010) 

11366-11372 

[3] S. Bari, M. Mohammad Esmaeil,”Effect of H2/O2 

addition in increasing the thermal efficiency of a diesel 

engine”, Fuel 89 (2010) 378–383 

[4] Toru Miyamoto, Hirokazu Hasegawa, Masato Mikami, 

Naoya Kojima, Hajime Kabashima, Yasuhiro Urata, 

“Effect of hydrogen addition to intake gas on 

combustion and exhaust emission characteristics of a 

diesel engine”, international journal of hydrogen energy 

36 (2011) 13138-13149 

[5] Adrian Birtas, Iulian Voicu, Cristian Petcu, Radu 

Chiriac, Nicolae Apostolescu, “The effect of HRG gas 

addition on diesel engine combustion characteristics 

and exhaust emissions”, International journal of 

hydrogen energy 36 (2011) 12007-12014 

[6] Hsin-Kai Wang, Chia-Yu Cheng, Kang-Shin Chen, 

Yuan-Chung Lin, Chung-Bang Chen, “Effect of 

regulated harmful matters from a heavy-duty diesel 

engine by H2/O2 addition to the combustion chamber”, 

Fuel 93 (2012) 524–527 

[7] H. Köse, M. Ciniviz, “An experimental investigation of 

effect on diesel engine performance and exhaust 

emissions of addition at dual fuel mode of hydrogen”, 

Fuel Processing Technology 114 (2013) 26–34 

[8] Stanislaw Szwaja, Karol Grab-Rogalinski, “Hydrogen 

combustion in a compression ignition diesel engine”, 

international journal of hydrogen energy 34 (2009) 

4413 – 4421 

[9] Andre´ Marcelino de Morais, Marco Aure´lio Mendes 

Justino, Osmano Souza Valente, Se´rgio de Morais 

Hanriot, Jose´ Ricardo Sodre´, “Hydrogen impacts on 

performance and CO2 emissions from a diesel power 

generator”, international journal of hydrogen energy 38 

(2013) 6857 -6864 

[10] Heywood John B. Internal combustion engine 

fundamentals, McGraw Hill Publisher; 1988 

[11] Wikipedia- The free encyclopedia 

[12] http://www.driveh2o.blogspot.in 

[13] http://www.hydrodynamicshho.com/hho-for-cars 

 

0

1

2

3

4

0 5 10 15

B
ra

k
e 

P
o

w
er

 (
k

W
) 

Load (kg) 

Load v/s Brake Power 

0% H2
0.45% H2
1.6% H2

0

0.02

0.04

0.06

0.08

0.1

0.12

0 5 10 15

C
O

 (
%

) 

Load (kg) 

Load v/s CO 

0% H2
0.45% H2
1.6% H2


