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Abstract— The demand for the fossil fuels is increasing and
their availability is less has so, researchers lead to alternative
fuels. The combustion quality was improved significantly
when use the better design of CI engine and also, altering the
parameter of Cl engine hence improves the thermal efficiency
and indirectly saving in fuel and reduce the emission. In
which electrolysis process is more economical. As a
supplementary fuel uses the HHO gas and the HHO gas was
produced by the process of water electrolysis. This paper
presents the concern with the effectiveness of HHO gas
addition and various injection pressures like 160, 180 and 200
bar effect on emission characteristics of a Cl engine. The
effect will be shown on the CI engine of the CO, HC, CO2
and NOx with the use of HHO and variable injection pressure
and measure the effect of emission of Cl engine.
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. INTRODUCTION

Many existing energy systems are based on fossil fuels
(hydrocarbons), particularly crude oil. These hydrocarbons
are made of atoms of hydrogen and carbon. Remove all
carbon from the energy cycle and what is left is a hydrogen
energy system. Hydrogen does not occur naturally in any
significant quantities, it is almost always combined with other
atoms, such as in water molecules or hydrocarbons. As a
result, hydrogen has to be manufactured, a process which
requires energy. This energy can be recovered thermally, by
combustion or electrochemically in a fuel cell. Hydrogen is
therefore a means of storing energy and is often referred to as
an ‘energy carrier’ or ‘energy vector’. Hydrogen is not
naturally occurring, it must be manufactured. It can be made
from fossil fuels (a process which results in the emission of
C02), from biomass, or it can be produced by the electrolysis
of water (which consumes electrical energy). A renewable
hydrogen energy system would generate hydrogen from
renewable energy, for example, via electrolysis, or by the
chemical reformation of biomass [1].

Ali Can Yilmaz[2] (2010) et al in their studies
Hydroxy gas was used as a supplementary fuel in a four
cylinder, four stroke, compression ignition (CI) engine
without any modification and without the storage tanks.
V.S.Hariharan[3] (2011) et al the injection pressure was
changed by adjusting the fuel injector spring tension.

With increase the injection pressure decrease the
smoke due to the improved the mixture formation because of
well-atomized spray. R. B. Durairaj[4] (2012) et al In their
study focus on the production, characterization of bio-diesel
and it was added with the Oxy-hydrogen gas which was
produced by the electrolysis process from the water. This
Oxy-hydrogen gas has been preheated with the help of waste
heat recovered from the automobile exhaust. The use of bio-
diesel in conventional engines results in a reduction in
emission of unburned hydrocarbons, carbon monoxide and

particulate. Also, this preheating of the air improves the
thermal efficiency and reduces the vibration of the engine.

Il. ABOUT HHO GAS

It is a mixture of 2/3 of hydrogen and 1/3 of oxygen bonded
together molecularly. It is generally produced by electrolysis
of water. When electric current passed through water, it
divides into hydrogen and oxygen. The hydrogen and oxygen
rise from the liquid water as gas. This gas is called HHO Gas
or Browns gas. After producing gas it is introduced into the
air suction pipe and complete combustion occur.

HHO gas is odorless, colorless and lighter than air.
The HHO gas is highly flammable much more than gasoline.
The Oxy-hydrogen explosion is so fast that it fills the
combustion chamber at 3 times faster than gasoline
explosion. At normal atom Pressure auto ignition of
oxyhydrogen occurs at about 570°. Oxy-hydrogen gas has
very high diffusivity. This ability to disperse in the air is
considerably greater than gasoline. At normal temperature
and pressure HHO gas can burn when it is between about 4%
to 94% hydrogen by volume. Oxy-hydrogen is very low in
density this result in a storage problem. When ignited, the gas
converts to water vapors and release energy of about 241.38
KJ of energy (LHV) for every mole of H2 burned.[5]

I1l. EXPERIMENTAL SETUP

The setup consists of single cylinder, four stroke, engine
connected to eddy current type dynamometer for loading.
Instruments are provided to interface airflow, fuel flow,
temperatures and load measurements. The setup has a stand-
alone panel box consisting of air box, two fuel tanks for duel
fuel test, manometer, fuel measuring unit, transmitters for air
and fuel flow measurements, process indicator and hardware
interface. The Rotameters are provided for cooling water and
calorimeter water flow measurement. A battery, starter and
battery charger is provides for the engine electric start
arrangement. The setup enables study of VCR engine
performance for brake power, indicated power, frictional
power, brake thermal efficiency, indicated thermal efficiency,
Mechanical efficiency, and specific fuel consumption. [6]
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Fig. 2: Expe}imental Setup

No. of cylinder Single cylinder
No. of stroke 4
Cylinder dia. 87.5 mm
Stroke length 110 mm

C.R. length 234 mm
Orifice dia. 20 mm
Dynamometer arm length 185 mm
Fuel Diesel

Power 3.5 kW

Speed 1500 rpm

C.R. range 12:1t018:1
Inj. Point variation 0to 25 BTDC

Table 1: Technical specification of the engine

Electrode (anode- cathode) | 316L stainless steel plates
Voltage and current 12V-10 A
Electrolyte NaoH
Reactor container volume 25L

Table 2: Technical specification of HHO kit

IV. EXPERIMENTAL PROCEDURE

. Experimental Procedure

Start the engine and wait for the steady state
condition.

Start the HHO kit and wait for hydrogen production
and wait for steady state condition of it.

After the steady state condition, readings are taken
for conventional diesel for wvarious injection
pressures (180, 160, 200 bar ) and loads (1, 3, 5, 7,
9 kg).

Now, hydrogen introducing with diesel and wait for
the steady state condition and constant flow rate of
hydrogen.

And then taken readings for various injection
pressures (180, 160, 200 bar ) with varying load (1,
3,5,7,9kg).

Then, shows reading in gas analyzer and plot the
graphs.

A. Effect On Emissions
1) Effect On CO

V. RESULT AND DISCUSSION

When introducing the HHO in diesel engine with constant
flow rate, decrease in CO compared to DIESEL engine.
Sometimes CO is decreased as injection pressure 180 bar
because of better automation and vaporization of diesel fuel
with HHO gas. And sometime no drastic change in CO at
higher injection pressure because of complete combustion.
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Fig. 8: Load Vs HC at 200 bar
When introducing the HHO in diesel engine with
constant flow rate, decreases in HC compare to DIESEL.
The increase in injection pressure decreases the
formation of HC due to better combustion of increased
cylinder wall temperature /1. But injection pressure 200 bar
HC is increasing.
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Fig. 11: Load Vs CO; at 200 bar
If combustion is good CO emission will be more this effect
is produced at low load conditions at higher load condition. If
combustion is not good, then CO; emission will be less this
effect is produced at high load condition at higher injection
pressure. [€

D. Effect on Nox

NOx is formed during the combustion because of three
factors, high temperature, oxygen concentration, and
residence time. If these three factors present in a combustion
chamber, the NOx formation is more . This phenomenon is
at low load condition. But at high load condition this
phenomena is revered at higher injection pressure.
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Fig. 14: Load Vs NOx at 200 bar
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VI. CONCLUSION

The HHO gas is taken for experimental but it is secondary
fuel, which could help in reduce the emission of CI engine.
Hear one experiment is conducted to know the combined
effect of HHO gas and injection pressure on the emission of
a diesel engine.

This experiment measures the effect of different
injection pressure 160, 180 and 200 bar.

At injection pressure 160 bar shows the minor
change in CO but drastic change in HC and NOx and no
drastic change is seen in CO2.

At injection pressure 180 bar major changes in CO,
HC and NOx and no change in CO2

At injection pressure 200 shows the no drastic
change in CO but minor changes are seen in NOx, CO2 and
HC.

So, hear conclude that injection pressure 180 is
better to reduce the engine emission.
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