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ABSTRACT: The rapid depletion of fossil fuels and rising of oil prices has led to the search for Secondary fuels. The Secondary fuels that we are using
should have the same efficiency or greater efficiency of the engine that uses ordinary fuel. In this project the secondary fuel used is HHO gas. HHO
otherwise known as hydroxyl or Browns Gas is the gas produced from splitting water into hydrogen and oxygen from electrolysis and allowing the gas to
stay in a premixed state for use on-demand without the need for storage. This reduces the exhaust gas emitted during the working of engine, and the
temperature of the engine is also reduced which is produced by the burning of ordinary fuels. The HHO gas is injected into the inlet manifold of the
combustion chamber through the air filter of the engine. From this design the fuel utility is reduced from 10% to 30% which minimizes the carbon
deposition in the cylinder thereby increasing the changing period of engine oil, it also improves the efficiency of the engine and the life span. Engine
torque also increased and pollution gets reduced to maintaining the green house effect.
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1 INTRODUCTION
A LTERNATE fuel is important and it should be fossil one. Actually we spend one third of our income for our vehicle fuelling
and the vehicle gives harmful decomposed materials like CO,
NOx, HC, WCBSFC, etc...in the form of smoke. These materials are all affects the engine performance, and pollutes the
environment. Compare to other kinds of fuel around the world,
water is one of the free recourses and by applying the technique, it can be converted into hydrogen with oxygen, its
chemical term is HHO and in general “Free Energy”. It is
cheaper, safer, tremendous explosive and never pollutes the
atmosphere. While crossing a gas or diesel operated car we
can feel the smell of the respective fuels, it shows that the fuel
is not completely burnt. It is explicit that we waste fuel and
pollute the atmosphere. To avoid these drawbacks, some level
of HHO is mixed with filtered air, which is after the air filter system and before the engine in taken system of the car. This
mixed HHO ignites releasing the extra electrons into the igniting fuel and thus the added extra energy from the HHO leads
cent percent of complete burning of the fuel. The HHO has
Polymorphism that is it acts differently - before burning, while
burning, and after burning. Before burning of Hydrogen, which
is a lightest gas with one proton and one electron and more
efficient fuel three times of the explosive power when camper
to fuel gas and five times than petrol. Actually, the Hydrogen
requires little bit of energy of ignition to produce wide level of
tremendous flammable temperature in the speed of lighting
and there is no chance to compare with other fuel in this world.
As a result of fact it increases the engine performance, torque,
and millage and minimums fuel consumption. During burning
the HHO into the engine with a tremendous explosion on that
area and gives off high power of energy and automatically reverts to water vapour at once. Due to this action the engine not
only getting higher torque but also gets easily cooled from 10
to 20 times faster than other fuels. For example after combustion of fuel in the engine the level of temperature is approximately 250oF, but on the other hand mixing of HHO with same
fuel means the engine temperature reduces approximately
from 150oF to 200oF only because of vapours formations after
combustion. Thus the engine life period gets wider, and reduces lubricating oil degradation beyond the limit of Km. Then oil
changing period also gets lengthened. It leads in decrease of

the maintenance cost and increase of interval of maintenance.
After burning the HHO, the engine gives steam and some percentage of oxygen on the exhaust side and the stream is automatically converted into water form in the atmosphere. Thus
the exhausts emission also controls from 10% to 50%. The
pollution also reduces and remaining Oxygen comes out from
the exhausts.

2 INTERNAL COMBUSTION ENGINE
The internal combustion engine is an engine in which the
combustion of a fuel (normally a fossil fuel) occurs with an
oxidizer (usually air) in a combustion chamber that is an
integral part of the working fluid flow circuit. In an internal
combustion engine (ICE) the expansion of the hightemperature and high-pressure gases produced by combustion apply direct force to some component of the engine. The
force is applied typically to pistons, turbine blades, or a nozzle.
This force moves the component over a distance, transforming
chemical energy into useful mechanical energy. The first
commercially successful internal combustion engine was
created by Etienne Lenoir. The term internal combustion engine usually refers to an engine in which combustion is intermittent, such as the more familiar four-stroke and two-stroke
piston engines, along with variants, such as the six-stroke piston engine and the Wankel rotary engine. A second class of
internal combustion engines use continuous combustion: gas
turbines, jet engines and most rocket engines, each of which
are internal combustion engines on the same principle as previously described. The ICE is quite different from external
combustion engines, such as steam or Stirling engines, in
which the energy is delivered to a working fluid not consisting
of, mixed with, or contaminated by combustion products.
Working fluids can be air, hot water, pressurized water or even
liquid sodium, heated in a boiler. ICEs are usually powered by
energy-dense fuels such as gasoline or diesel, liquids derived
from fossil fuels. While there are many stationary applications,
most ICEs are used in mobile applications and are the dominant power supply for cars, aircraft, and boats.

2.1 Classification I.C. engines
In internal combustion engine, the combustion of fuel takes
place inside the engine cylinder and heat is generated within

Copyright © 2014 IJTEEE.

INTERNATIONAL JOURNAL OF TECHNOLOGY ENHANCEMENTS AND EMERGING ENGINEERING RESEARCH, VOL 2, ISSUE 6
ISSN 2347-4289

the cylinder. This heat is added to the air inside the cylinder
and thus the pressure of the air is increased tremendously.
This high pressure air moves the piston which rotates the
crank shaft and thus mechanical work is done.
2.1.1 Based on fuel used
Diesel engine – Diesel is used as fuel
Petrol engine – Petrol is used as fuel
Gas engines – propane, butane or methane gases are used
2.1.2 Based ignition of fuel
Spark ignition engine (Carburetor type engines)
Compression ignition engine (injector type engines)
2.1.2.1 Spark ignition engine
A mixture of air and fuel is drawn in to the engine cylinder. Ignition of fuel is done by using a spark plug. The spark plug
produces a spark and ignites the air- fuel mixture. Such combustion is called constant volume combustion (C.V.C.).
2.1.2.2 Compression ignition engine
In compression ignition engines air is compressed in to the
engine cylinder. Due to this the temperature of the compressed air rises to 700-900 0C. At this stage diesel is sprayed
in to the cylinder in fine particles. Due to a very high temperature, the fuel gets ignited. This type of combustion is called
constant pressure combustion (CP.C.) because the pressure
inside the cylinder is almost constant when combustion is taking place.
2.1.3 Based on working cycle
2.1.3.1 Four stroke cycle engine
When the cycle is completed in two revolutions of the crankshaft, it is called four stroke cycle engines.
2.1.3.2 Two stroke cycle engine
When the cycle is completed in one revolution of the crankshaft, it is called two stroke cycle engines.

2.2 Construction of an I.C. Engine
I.C. engine converts the reciprocating motion of piston into
rotary motion of the crankshaft by means of a connecting rod.
The piston which reciprocating in the cylinder is very close fit
in the cylinder. Rings are inserted in the circumferential
grooves of the piston to prevent leakage of gases from sides
of the piston. Usually a cylinder is bored in a cylinder block
and a gasket, made of copper sheet or asbestos is inserted
between the cylinder and the cylinder head to avoid ant leakage. The combustion space is provided at the top of the cylinder head where combustion takes place. The connecting rod
connects the piston and the crankshaft. The end of the connecting rod connecting the piston is called small end. A pin
called gudgeon pin or wrist pin is provided for connecting the
piston and the connecting rod at the small end. . The other end
of the connecting rod connecting the crank shaft is called big
end. When piston is moved up and down, the motion is transmitted to the crank shaft by the connecting rod and the crank
shaft makes rotary motion. The crankshaft rotates in main
bearings which are fitted the crankcase. A flywheel is provided
at one end of the crankshaft for smoothing the uneven torque
produced by the engine. There is an oil sump at the bottom of
the engine which contains lubricating oil for lubricating different
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parts of the engine.

2.3 Working Principle of I.C. Engine
A mixture of fuel with correct amount of air is exploded in an
engine cylinder which is closed at one end. As a result of this
explosion, heat is released and this heat causes the pressure
of the burning gases to increase. This pressure forces a close
fitting piston to move down the cylinder. The movement of piston is transmitted to a crankshaft by a connecting rod so that
the crankshaft rotates and turns a flywheel connected to it.
Power is taken from the rotating crank shaft to do mechanical
work. To obtain continuous rotation of the crankshaft the explosion has to be repeated continuously. Before the explosion
to take place, the used gases are expelled from the cylinder,
fresh charge of fuel and air are admitted in to the cylinder and
the piston moved back to its starting position. The sequences
of events taking place in an engine are called the working
cycle of the engine. The sequence of events taking place inside the engine is as follows
1) Admission of air or air-fuel mixture inside the engine
cylinder (suction)
2) Compression of the air or air fuel mixture inside the
engine (compression)
3) Injection of fuel in compressed air for ignition of the
fuel or ignition of air-fuel mixture by an electric spark
using a spark plug to produce thermal power inside
the cylinder (power )
4) Removal of all the burnt gases from the cylinder to receive fresh charge (exhaust)
Note: Charge means admitting fresh air in to the cylinder in
the case of compression ignition engines (diesel engines) or
admitting a mixture of air and fuel in to the cylinder in the case
of spark ignition engines.

2.4 Four Stroke Cycle Engine
In four stroke cycle engines the four events namely suction,
compression, power and e xhaust take place inside the engine
cylinder. The four events are completed in four strokes of the
piston (two revolutions of the crank shaft). This engine has got
valves for controlling the inlet of charge and outlet of exhaust
gases. The opening and closing of the valve is controlled by
cams, fitted on camshaft. The camshaft is driven by crankshaft
with the help of suitable gears or chains. The camshaft runs at
half the speed of the crankshaft. The events taking place in
I.C. engine are as follows:
1. Suction stroke
2. Compression stroke
3. Power stroke
4. Exhaust stroke
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ing crank shaft. Both valves remain closed during power
stroke.
2.4.4 Exhaust stroke
During this stroke piston moves upward. Exhaust valve opens
and exhaust gases go out through exhaust valves opening. All
the burnt gases go out of the engine and the cylinder becomes
ready to receive the fresh charge. During this stroke inlet valve
remains closed (Fig.1d). Thus it is found that out of four
strokes, there is only one power stroke and three idle strokes
in four stroke cycle engines. The power stroke supplies necessary momentum for useful work.
2.5 Two Stroke Cycle Engine (Petrol Engine)
In two stroke cycle engines, the whole sequence of events i.e.,
suction, compression, power and exhaust are completed in
two strokes of the piston i.e. one revolution of the crankshaft.
There is no valve in this type of engine. Gas movement takes
place through holes called ports in the cylinder. The crankcase
of the engine is air tight in which the crankshaft rotates.

Fig.2.4.1 Four stroke cycle engine

Fig.2.5.1 Two stroke cycle engine
Fig.2.4.2 Four stroke cycle engine
2.4.1 Suction stroke
During suction stroke inlet valve opens and the piston moves
downward. Only air or a mixture of air and fuel are drawn inside the cylinder. The exhaust valve remains in closed position
during this stroke. The pressure in the engine cylinder is less
than atmospheric pressure during this stroke.
2.4.2 Compression stroke
During this stroke the piston moves upward. Both valves are in
closed position. The charge taken in the cylinder is compressed by the upward movement of piston. If only air is compressed, as in case of diesel engine, diesel is injected at the
end of the compression stroke and ignition of fuel takes place
due to high pressure and temperature of the compressed air. If
a mixture of air and fuel is compressed in the cylinder, as in
case of petrol engine, the mixture is ignited by a spark plug.
2.4.3 Power stroke
After ignition of fuel, tremendous amount of heat is generated,
causing very high pressure in the cylinder which pushes the
piston downward (Fig.1b). The downward movement of the
piston at this instant is called power stroke. The connecting
rod transmits the power from piston to the crank shaft and
crank shaft rotates. Mechanical work can be taped at the rotat-

Fig.2.5.2 Two stroke cycle
2.5.1 Upward stroke of the piston
When the piston moves upward it covers two of the ports, the
exhaust port and transfer port, which are normally almost op-
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posite to each other. This traps the charge of air- fuel mixture
drawn already in to the cylinder. Further upward movement of
the piston compresses the charge and also uncovers the suction port. Now fresh mixture is drawn through this port into the
crankcase. Just before the end of this stroke, the mixture in
the cylinder is ignited by a spark plug (Fig 2 c &d). Thus, during this stroke both suction and compression events are completed.
2.5.2 Downward stroke (Power + Exhaust)
Burning of the fuel rises the temperature and pressure of the
gases which forces the piston to move down the cylinder.
When the piston moves down, it closes the suction port, trapping the fresh charge drawn into the crankcase during the previous upward stroke. Further downward movement of the piston uncovers first the exhaust port and then the transfer port.
Now fresh charge in the crankcase moves in to the cylinder
through the transfer port driving out the burnt gases through
the exhaust port. Special shaped piston crown deflect the incoming mixture up around the cylinder so that it can help in
driving out the exhaust gases. During the downward stroke of
the piston power and exhaust events are completed.

3 SOCIETAL IMPACTS OF SECONDARY FUEL
The intended transition from the use of gasoline and other
fossil fuels as “mass” fuels, to hydrogen and electricity to power most automobiles, is predicted to considerably reduce the
detrimental consequences of fossil fuels on the environment.
One of the primary negative effects is global warming. But
what effect will this change have on the individual and on the
society as a whole? How do these bio-friendly fuels measure
up to fossil fuels in other areas? This chapter discusses the
potential negative consequences of alternative fuels in the
areas of pollution, health, safety, and annual expenses. This
encompasses the effects of a large scale migration to biofriendly fuels on the individual as well as the society at large. A
comparison is also drawn between the polluting substances
from conventional fossil fuel driven vehicles as against those
from a few alternative environment friendly fuels.

3.1 Safety of the Individual
This is a cause of concern during accidents in pure electric
and hybrid electric cars, since they are designed to be light to
compensate for the low power provided by an electric motor
compared to an internal combustion motor, as well as provide
a longer travel range on a single charge-up. A drawback of a
light weight chassis and frame is reduced safety for the occupants in the event of an accident. In the case of serious accidents, the cost of healthcare becomes an issue for society as
well as the owner of the electric car. There is a higher likelihood of injury as the structure of the car is weaker. To cite an
example, the average annual total cost of spinal cord injuries
vary from $16,792 for a thoracic incomplete spinal cord injury
to $28,334 for a cervical complete spinal cord injury. This data
is the result of the average cost measured across 675 spinal
cord injury patients in the USA. The average yearly health
care and living expenses vary greatly according to the severity
of the injury. First-year injury costs range from $218,504 for
incomplete motor function at any level, to $741,425 for high
tetraplegia injuries. Thus it is apparent that jeopardizing the
safety of the occupants can come at a much higher cost when
considered from the individual occupant’s point of view. A
safety concern associated with the widespread use of hydro-
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gen and other compressed fuels such as Compressed Natural
Gas is the on-board storage of fuel in a tank. Appropriate materials for use in compressed tanks need to be developed and
thoroughly tested until they can be extensively used in vehicles sold to the public. Even if the tanks are placed safely
behind the occupants and surrounded by a framework, the
fear of them exploding always exists, since some hydrogen
tanks are compressed up to 10,000psi. The potential danger
increases in an accident, when the tanks may be struck due to
the framework around them being damaged, causing a catastrophic explosion. The next section presents the dangers
posed to society by the use of four types of environment
friendly fuels.

3.2 Dangers Posed to Society Categorized by Fuel
3.2.1 Compressed Natural Gas
Since CNG is stored at a pressure of 2900psi in vehicles,
there is a danger of explosion of the tank. There is also the
possibility of undesired escaping of gas, which could very
easily ignite, causing an explosion. Another danger is the
possible re-ignition of gas after a fire is extinguished. In order
to recognize these dangers, measuring equipment is used to
monitor the pressure and flow of gas along with other parameters to ensure regulated levels. An artificial odor is added to
the otherwise odorless natural gas to help detect leaks. Other
safety devices installed to keep these dangers in check include electromagnetic valves, which are mounted at each gas
tank and will close the tank in case of an accident or when the
engine or the ignition is turned off. A release limiter will also
reduce the amount of gas that can be released in case of a
leak in the gas lines. A built in pressure relief device opens the
tank in case of intensive heat to avoid an increase in pressure
that could lead to an explosion of the gas tank. Other safety
procedures to prevent accidents involve keeping the gas tank
at a safe distance from the passenger compartment, and
avoiding ignition sources. The vehicle should be well ventilated, and if the gas ever ignites, the burning gas should not
be extinguished.
3.2.2 Hydrogen (internal combustion engine)
Since hydrogen is stored at up to 10,000psi in on-board tanks,
the dangers are similar to those in CNG vehicles. Therefore
the possible dangers include release of gas and accumulation
of gas in confined spaces. Since hydrogen requires a very
small amount of energy to be ignited, there is a danger of selfignition leading to explosion. Other dangers include the reignition of gas after a fire is extinguished. Furthermore, a hydrogen flame is very difficult to see under daylight conditions.
The safety devices used in hydrogen powered vehicles consist
of electromagnetic valves and hydrogen sensors, which detect
leaks. Pressure relief devices are installed, which in some
cases use vent lines that redirect the hydrogen from the tank
to a high point in the vehicle (the roof area), that can be located in roof pillars. Care should be taken that these are not
cut with rescue tools. Possible malfunction recognition signs
include hissing sounds, warnings from measuring equipment
for pressure and flow, and hydrogen leak indicators. The procedures to avoid accidents are the same as those in CNG vehicles. These consist of keeping a safe distance between the
hydrogen tank and the passenger compartment, and surrounding the tank with a strong material. Ignition sources
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should be avoided, and burning gas should not be extinguished. The vehicle should be well ventilated.
3.2.3 Hydrogen (fuel cell)
Dangers associated with these kinds of vehicles consist of
leaking of battery pack materials. Since electricity is used to
power the vehicle, it could conduct to undesired locations
which are hazardous to the occupants. Also, it is important to
monitor the status of the electric motor during the course of its
operation. Safety devices used here include power cutoff
switches to handle power surges. One problem associated
with fuel cell powered vehicles is that it is difficult to detect
faults and possible dangers in the electricity generation and
drivetrain. Safety procedures to avoid accidents involve immobilizing the vehicle by deactivating the drivetrain as soon as a
potential source of danger is diagnosed. Also, there should be
no unauthorized tampering with the battery or any other components. Electrical cables that carry high current are colored
bright orange or blue so their detection is easy.
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line, other hydrocarbons such as LPG and CNG, hydrogen,
and electricity. The methods of producing hydrogen in a fuel
cell are also discussed, along with the pollutants associated.
The analysis will be performed based on the energy required
to propel an average automobile 100 miles at a constant
speed of 50 miles/hr. The fuel efficiency at this speed is approximately 27 miles/gal, which implies that 3.7 gallons of fuel
are used for this distance at 50 miles/hr. The energy contained
in 3.7 gallons of gasoline is 132.87 kWh, since the energy
density of gasoline is 34.2MJ/L. Thus an approximation can be
made for the amount of energy required using this data for
gasoline. It is assumed that for LPG, CNG and hydrogen, the
energy conversion efficiencies in a vehicle are the same as for
gasoline.
3.3.1 Conventional Gasoline
Crude oil prices were close to their all time high in the year
2008, leading to gasoline prices of $3.25/gallon. Using data for
this year, the price of a gallon of regular gasoline can be broken up into Cost of crude oil (69%), Federal and state taxes
(13%), Distribution and marketing (12%), and Refining costs
and profits (7%).

Fig.3.2.3 Method of production of electricity in a hydrogen fuel
cell
3.2.4 Hybrid
These vehicles combine the advantages of both internal combustion as well as electric-powered vehicles. As a result, there
are also the disadvantages that come with both types of engines when it comes to the aspect of safety. The high voltage
of about 42V to 450V supplied by the battery pack poses a
high risk if any of the components malfunction. However, safety devices are built in that shutdown the vehicle when an accident is detected. Capacitors inside the hybrid system could
keep a residual current for a few minutes after the system is
shutdown. All electrical components with a higher current are
normally marked bright orange so they can be easily identified.
Another danger involved with electrically-powered vehicles is
that their running status cannot be identified easily; that is it is
difficult to tell whether the car has been switched on or not.
The safety precautions followed here are the same as those
on hydrogen fuel cell vehicles. These are immobilizing the
vehicle by deactivating the drivetrain, and observing extra caution when handling the battery and other drive train components.

From this data, profits make up about 4% of the total price of
gasoline. Since 3.7 gallons of gasoline are required for 100
miles at the given speed, the cost of 3.7 gallons or 14 liters of
gasoline as of 2008 was $124. Out of this 4% or 48 cents are
contributed towards profits for the company. This neglects
other costs such as maintenance and capital investments in
gas stations, but these will be ignored for the purpose of this
analysis since they depend on factors such as how long the
gas station was in service and the location of the gas station.
This assumption is made uniformly across the analysis for
consistency. From a pollution point of view, the carbon dioxide
emitted from the average gasoline powered vehicle is 190g
CO2/km, which results in overall CO2 emissions of 30,571g
over a 100 mile range.

3.3 Pollution and Costs
This section will help obtain a broader understanding of the
long term societal and environmental effects of using different
types of fuels. The costs and pollution involved in producing
and using five different types of fuels is analyzed, along with
their negative effects on the environment and as a result on
human beings. These five basic fuels are conventional gaso-

3.3.2 Liquefied Petroleum Gas - Propane
One of the commonly used energy rich liquefied petroleum
gases or LPG’s that are found mixed with natural gas and oil is
propane, C3H8. Propane is 270 times more compact as a liquid
than as a gas, and it is stored and transported in its liquid
state. In order to use it, a valve on its container is opened and
the propane is released not as a liquid but as a gas. The pres-

Fig.3.3.1 Price breakup of gasoline
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sure at which the liquid is stored in the containers in an automobile 7 and 9 bars or about 115 psi. The liquefying temperature is -42.1 °C.

Fig.3.3.2 Propane production and distribution schematic
Since the energy density of propane LPG burned in air is
7kWh/L, 19 liters or 5 gallons of propane LPG are required to
propel the car 100 miles. At current prices in the USA for
commercial propane LPG, 5 gallons will cost $10.4510. The
percentage profit for the manufacturer of propane is about the
same at 4%. This implies a profit of 42 cents for the manufacturer. Since typical LPG cars emit about 145 gCO2/km, the
total CO2 emissions from an LPG over a 100 mile range is
23,330g. In Table 1 below, the only pollutant released at an
increased rate is methane; whose emissions are increased by
10% when propane is used as a fuel.

Table 3.3.2 Propane vs. Gasoline emissions
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3.3.4 Hydrogen (internal combustion engine)
There are two types of hydrogen-powered vehicles. In the type
analyzed in this report, stored or on-board produced hydrogen
is used as fuel in an internal combustion engine to power the
vehicle. The other type of hydrogen-powered vehicle uses
hydrogen to produce electricity in a fuel cell that powers an
electric motor. These vehicles are also equipped with batteries
that store the electricity that cannot be used by the motor immediately. From this data, the energy density of liquid hydrogen is 10.1MJ/L or 2.81kWh/L. Thus 47.3 liters or 12.51 gallons of hydrogen are required to drive the car 100 miles. At
current rates of hydrogen available ($9.45/gal), 12.5 gallons of
hydrogen would cost $118.22. Since accurate information regarding the breakup of the cost of one gallon of hydrogen is
not easily available, one can assume the profit for the manufacturer to be about 10% of the selling price since there are no
refining costs involved. However, transportation and storage
costs are high since the hydrogen is highly compressed at up
to 10,000psi. A profit rate of 7-10% of the selling price results
in $8.28 - $11.82 of profit for the company, when enough hydrogen to propel a car 100 miles is sold. This is obviously very
uneconomical for the consumer, and although the profit figures
for the company are steep, they are used to recover the high
capital investment made to set up a hydrogen manufacturing
plant as will be seen later on. An alternative method to solar
power can be used to obtain the required electricity to electrolyze hydrogen from water, such as nuclear power. The cost of
electricity from a nuclear power plant is around 12 cents/kWh.
The energy required to produce, compress and store 1 liter of
hydrogen is 1.75kWh. This would cost 21 cents when using
electricity produced in a nuclear power plant. Since 47.3 liters
of hydrogen or 82.8kWh of energy is being used here, the cost
of electricity is $9.94. Since the CO2 emissions when obtaining
electrical energy from nuclear power is 66 gCO2/kWh, the total
CO2 emissions are 3,953g when a car travels 100 miles. Figure3.3.4 presents the percentage increase or decrease of
greenhouse gas emissions of hydrogen manufactured by various methods, in comparison to emissions from gasoline.

3.3.3 Compressed Natural Gas
CNG is much safer than most other alternative fuels since it is
lighter than air; so in the event of a spill it disperses easily. It is
stored and dispersed in hard containers at a pressure of 29003200psi. The cost of a gallon of CNG in the USA is about
$1.78. The energy density of CNG burnt in air is 2.5kWh/L.
Thus the volume of CNG required to take the average car 100
miles is 14 gallons. The total cost of this amount of fuel for the
consumer is $25. The profit for the company is then $1, assuming a 4% profit rate. Since the emissions from using CNG
as a fuel are 143gCO2/km, the total emissions are 23,008gCO2
over a 100 mile range.

Fig.3.3.4 Pollution advantage of H2 over gasoline

Fig.3.3.3.2 – Estimated efficiencies using hydrocarbon fuels

3.3.5 Hydrogen (fuel cell)
A comparison will be drawn between the harmful by-products
of producing energy in a hydrogen fuel cell as compared to
those from a gasoline powered internal combustion engine. If
gasoline is assumed to contain 100% octane or C8H18, the
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following are the reactions that occur when octane combusts
using oxygen from the air:
2C8H18 + 25O2  16CO2 + 18H2O
2C8H18 + 17O2  16CO + 18H2O
On the other hand, the reaction that occurs when a hydrogen
fuel cell produces energy from H2 and oxygen in the air is:

Table 3.3.5.2 - Pollutants from gasoline Cars

2H2 + O2  2H2O
Table 3.3.5.1 shows the bond energies of the various bonds
involved in these reactions:

Fig.3.3.5 - Pollutant Chart

Table 3.3.5.1 - Bond Energies
Using the information in this table, the energies released per
mole in each step of the reaction can be calculated. The difference in energies between the products and the reactants in
the gasoline combustion reaction is 42400 – 32176 = 10224
kJ/mole. This means that the energy released per H atom produced is 10224/36 = 284 kJ/mole, and the energy released per
fuel mass is 10224/228 = 44.84 kJ/mole. On the other hand,
the difference in energies of products and reactants in the hydrogen fuel cell reaction is 1856 – 1370 = 486 kJ/mole. The
energy released per H atom is the same as the energy released per fuel mass which is 486/4 = 121 kJ/mole. To summarize the calculations, the gasoline reaction releases 2.35
times as much energy per hydrogen atom, and 0.37 times as
much energy per fuel mass when compared to the hydrogen
fuel cell reaction. The mass ratio of water released per unit
mass of gasoline used is 1.4, and for hydrogen it is 9. Thus,
for equal masses of gasoline and hydrogen, the hydrogen fuel
cell releases 2.35 as much water per unit mass as compared
to gasoline combustion. Since the ignition temperature of gasoline is around 260°C, the water released is in vapor form. The
water vapor and the carbon dioxide released are harmful
greenhouse gases. Since the operating temperature of hydrogen in the fuel cell is 50 – 250 °C, all the water released is
either as a hot liquid or low temperature steam. This is not an
environmental hazard. Next, a comparison will be drawn between the annual emissions from an average car running on
gasoline versus hydrogen. These emissions will then be related to their corresponding harmful effects on humans, animals and the environment.Table 3.3.5.2 below assumes that
the average car travels 12,500 miles/year with a fuel consumption rate of 22.5 miles/gallon.

Fig.3.3.5 above shows the high amount of carbon monoxide
emitted when compared to the other pollutants released from
a gasoline engine. Also, despite the low proportion of carbon
dioxide released, even this small amount is enough to create a
global warming hazard when millions of cars are considered.
On the other hand, the only by-product from the hydrogen fuel
cell energy conversion is water at high temperature or low
temperature vapor. Carbon dioxide is present in the atmosphere at a low concentration of about 0.035%, and absorbs
infrared energy making it a greenhouse gas thus contributing
to global warming. However, automobile engines are not the
single greatest contributor of carbon dioxide as a pollutant.
Carbon monoxide is emitted from cars due to incomplete
combustion, and its main source in cities is the internal combustion engine. At peak traffic levels in cities, the carbon monoxide level can be upwards of 50-100 ppm, which is well
above the safe limit for the human body. This gas is poisonous
since it limits the ability of the blood to transport oxygen by
sticking to hemoglobin thus reducing the capacity of the blood
to transport oxygen around the body. Hydrocarbons are released into the atmosphere when an engine is not working
properly resulting in an increase in unburned fuel. They also
evaporate from fuel tanks. Hydrocarbons are detrimental to
human health and can cause photochemical smog, which is a
harmful brown haze caused when oxides of nitrogen react with
pollutant hydrocarbons. Nitrogen oxides are produced when
elemental nitrogen in the air is broken down and oxidized at
temperatures exceeding 1000 K. They also contribute to photochemical smog. However, there are other hazards and
downfalls of using hydrogen to generate energy, in addition to
the high cost of hydrogen. Methods of storage of highly compressed hydrogen are still being developed, and cannot yet be
considered entirely safe and reliable. These unreliable storage
tanks pose a safety hazard to the occupants of the vehicle as
well as those in close proximity with it.
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4 EXTRACTION OF HHO
4.1 Extraction of HHO from Water:
An HHO Generator utilizes electric current to break up into
water into hydrogen and oxygen. The electricity enters the
water on the left side at the “cathode” (a negatively charged
electrode). The electricity passes through the water and exists
via the “anode” (the positively charged electrode), shown on
the right side. Hydrogen can be collected at the cathode, while
Oxygen can be collected at the anode. It is also possible to let
these gases mix on their way out and this combined gas is
what we call HHO.

4.1.1 Chemical Transformation:
The chemical transformation of water to HHO is best described in the figure displayed below. It shows the atoms of
oxygen (O) and hydrogen (H) are being transformed from the
well known H2O which we know as LIQUID WATER-into a new
arrangement of atom pairs. Now these pairs are in GAS form.
Two separate gases, not water vapour. The atom pairs we see
on the right side of the diagram are in the “forth state of water”
mentioned above. That’s HHO. Brown's Gas is a mixed gas of
hydrogen and oxygen (2:1, by volume) created by electrolysis
of water. It is thought that Brown's Gas also contains considerable water vapor. Generally, electrolysis of water produces
a hydrogen gas at the cathode and an oxygen gas at the
anode. These gases are captured at the same time without
being separated, and the captured mixed gas is generally
known as “Brown's Gas.” Brown's Gas has several characteristic properties, unlike its constituent gases. The most noticeable property of Brown's Gas is implosion upon ignition. For
this reason, Brown's Gas is known to have ultra-high temperature to an extent that can sublimate [change directly from solid
to vapor without first melting] tungsten – a metal that has the
highest melting point of all metals! HHO is different than pure
hydrogen (and significantly more powerful); by volume, it has 3
times more energy than gasoline but HHO is not used as
stand-alone fuel. It is a best alternate supplement to any fuel-it
makes any hydrocarbon fuel (liquid or natural gas) perform
more work. It is stressed that HHO is supplemental to regular
fuel. Another difference: we never store HHO-it must be produced on-demand and used right away. HHO is considered a
clean burning fuel because there been no pollutants and the
energy been released and turns back to original state of water.
The stated following reasons clearly show the characteristics:
HHO is a produced and utilized and may not be stored (unlike
hydrogen, methane, propane and natural gas which must be
stored in problematic pressure tanks). When gasoline is
spilled, it creates a fire hazard for a long time due to its slow
evaporation rate. But HHO is lighter than air, diffuses rapidly in
the air (without adding any pollutants!) and since it has a high
initial flammability limit, it is safer than other combustible gases. HHO is an environmentally friendly fuel that returns to water when combusted and does not pollute the environment-and
reduces pollution of fossil fuel combustion-a great safety point
for passengers and workers. The way it interacts with all hydrocarbon fuels, HHO cause temperature of lower ignition
point to the overall operation conditions of a vehicle's engine
or any stationary generator/compressor.
4.1.2 HHO Practical Principles:
HHO mixes with the atmospheric air coming into the engine,
and then, inside the air/fuel mixture, it helps the fossil fuel burn
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completely. That’s all it does! Its gaseous fuel additive that you
add into the air stream rather than the liquid fuel. HHO is not
Stand-alone fuel (in our use).It can be described in this way
also:

Fig.4.1.2.1 - HHO = IGNITER of Unburned Fuel
According to “Advanced technologies and energy efficiency,
Fuel Economy Guide” published by the U.S. Department of
Energy in 2009, the modern automobile engine is only 18.2%
efficient. After drive line losses, you have only 12.6% to drive
with. At the top of the diagram we see that we lose 17.2% to
standby/idling time. That’s due mainly to driving conditions and
there’s little we can do about that. At the bottom of the diagram
you can see that the ENGINE is the greatest energy waster at
62.4%.
4.1.3 Gasoline versus Water:
The thermo chemical energy present in water as such as gasoline. The DOE (Department of Energy) has quoted about
40%, so it is probably much more than that. Most people are
unaware that "internal combustion" is defined as "a thermovapour process"-as in "no liquid in the reaction." Most of the
gasoline powered internal combustion engine consumes
cooked and finally broken down in the catalytic converter after
the fuel has been not-so-burnt in the engine. Technically, it is
much safer than running on fossil fuel there been no longer
choking on own emissions (health-wise). The simple safety
devices been used according to current automotive standards.
4.1.4 Production of HHO:
A HHO generator uses electrolysis to split water (H2O) into its
base molecules, 2 hydrogen and 1 oxygen. The HHO in itself
is not an alternative to gasoline engines but an additive to
boost the efficiency or performance of the engine. An HHO gas
is highly flammable much more than so gasoline, so when the
engine ignites the hydrogen the explosion ignites the gasoline
with much better results (cleaner, less waste and fewer emissions. Some basics of the burn speed of hydrogen is 0.098 to
0.197 ft/min (3 to 6 cm/min) compared to gasoline's 0.00656 to
0.0295 ft/min (0.2 to 0.9 cm/min) The oxy-hydrogen explosion
is so fast that it fills the combustion chamber at least 3 times
faster than the gasoline explosion and subsequent ignition in
all directions. Instead of just a spark in one end of the combustion cylinder , and we would like to do that because the gasoline burns for a short time but not fully burnt in that short
amount then it just goes out of the exhaust and is lost. It is
also preferable to ignite all of the gasoline when it is under
maximum compression in combustion cylinder to get the max-
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imum amount of energy out of it (this is a small time window),
once the piston starts going down the energy transfer from the
explosion to engine becomes less efficient. The Oxy hydrogen’s higher burn temperature and explosive force is such that
it cleans the soot that collects in the engine and with a cleaner
engine we can get better mileage and fewer oil changes.

4.2 HHO as an additive:
Hydrogen is highly explosive at standard temperatures and
pressures when mixed with air. There are eight layers of safety redundancy in the hydrogen system making it almost impossible even to cause any injuries.
4.2.1 Small volume of HHO storage:
The hydrogen and oxygen are produced on demand, so the
only storage is in the supply lines and the gas void in the electrolyte tank and molecular sieve. The maximum storage/worst
case scenario is around 1L stored in the bubbler flash back
arrestor. The energy in 1L of HHO could be calculated as the
HHV of the stored volume of hydrogen.
Mass of hydrogen in 1L at STP;
mh2



p.v.MW
R.T

101325 X 667 X 10 6 X 2.016

 55.0mg
8.3145 X 298.15
Where, mH2

is the mass of hydrogen
p
is the pressure of air [Pa]
V
is volume of gas [m3]
MW
is the molecular weight of hydrogen
[g mol-1]
R
is the ideal gas constant [J K-1 mol-1]
T
is the temperature [K]

Energy in 1 liter of HHO in terms of the product of the higher
heating value of hydrogen (HHVH2);
EH2 = mH2 X HHVH2
= 55.0 X 10-6 X 141.86 X103 =7.8 kJ
Where, HHVH2 is the higher heating value of hydrogen [J/g]
This is the equivalent to the energy contained in 0.17g of diesel.
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4.2.4 Leak tested
The system was tested for hydrogen flow at the electrolyte
tank and then at the bubbler where the gas leaves the system. The seals in the flash back arrestor where leak proofed
with Vaseline for easy of servicing.
4.2.5 Hydrogen is highly dissipative
Hydrogen is 14 times lighter than air rising at 20m/s.
4.2.6 Room ventilation
USQ’s engine laboratory is fully ventilated, even if it was
sealed the hydrogen would dissipate out of the room quicker
then it could be produced.
4.2.7 Emergency stop isolation:
The emergency stop button (E-stop) breaks power to the diesel supply valve, and makes a separated isolated contact to
the PLC control system. On activation the DC electrical
supply to the water electrolyser is isolated, preventing an
more production of HHO. The main supply relay is supplied
from generators 24V DC PLC power supply, which is only
active when the engine is running.

4.3 HHO Generator
The distilled water will be required because tap water can
have metal in that will rust the plates. We will also have to add
an electrolyte to the water to speed up the electrolysis. It is
important to control the electrolysis, because a simple generator can be built without PWM which be similar to an engine
with only the possibility of full throttle. The HHO pulse width
modulator is necessary for a controlled electrolysis. The specific frequency and power for the most efficient electrolysis
wires from generator to generator. A HHO generator uses
electric current to separate water into its hydrogen and oxygen. A generator consist of water in which cathode and anode
is dipped with a little amount of Potassium Hydroxide (KOH) is
added as a catalyst. The electricity enters the water at the
cathode passes through water and via the anode. Hydrogen
can be collected at cathode and oxygen at anode. The bottom
of the device is the jar and then the remaining be constructed
on the plastic cap with the jar lid. The lid carries the Bubbler
Cap (1) that lets atmospheric air and regulates the bubbling,
electrical terminal (2) and (3) that let the electric power which
propagates into electrodes (5).The electrodes are stainless
steel wires which be wrapped with an acrylic “tower” (the red
part inside the jar)-it can be any colour you like, There is also
Valve (4) which is for safety, and one or two output Valves (6).
The output hoses are two short, usually 6” long pieces of vacuum hose.

4.2.2 No ignition source inside system.
There are no spark energy sources inside the HHO system.
The control of HHO production being open loop, so there are
no sensors in the HHO supply or production zones.
4.2.3 High auto ignition temperature of 585°C
The hottest part of the exhaust pipe was measured at 440
under full load, so this is ~140 below the flammability limit.
There is no mechanism to allow HHO to be vented to the exhaust manifold in any case of failure.
Fig.4.3 - Diagram of an HHO Generator
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4.3.1 Major Parts of HHO Generator
Electrolyser: This unique design has RECTANGULAR electrodes plates. It is stored in a quart-size highly durable jar.
4.3.2 Material selection to design electrodes:
There are different materials could be used as an electrode.
But each one has its own merits and demerits .From the overall search the selection of material for electrodes should be
stainless steel thicker in size. The electrodes shape is either in
plate or tube form. The numbers of electrode depends on our
gas requirements. The distance between each plate should be
minimum and should have equal space all over the arrangement of electrodes. There are two methods of arrangements of
electrodes - without-neutral and with-neutral. The withoutneutral electrodes construction consists of number of positives
P and negatives N plates which are all arranged alternatively,
example if there are three set of positive and negative electrodes then P-N-P-NP- N is the arrangement. Next with-neutral
electrodes construction consists of number of positives P
,neutral Nu ,and negatives N plates which are all arranged in
the following manner P-Nu-Nu-N-Nu-Nu-P-Nu-Nu-N,or , P-NuNu- Nu-N-Nu-Nu-Nu-P-Nu-Nu-Nu-N, etc… The purpose of
neutral plate is to prove better cooling effect while electro
processing. Here the neutral plates are also of the same material and same size .But in this work the former one has been
selected and designed as P-N-P-N-P-N. For the connectivity
among positive electrodes and negative electrodes, they are
arranged not to make any shot circuit at any condition and
mechanically should be strong to withstand the electrolyte corrosions.
4.3.3 Material selection to design a container
The container should have the following properties as follows:
should withstand chemical corrosion, mechanical stress and
strain, tremendous vibration and temperature. If it is transparent, it is easy to check the electrolyte level and its color and it
should be a gas tight container, because HHO is a light weight
gas compared to air. On the top of the container there are five
holes as shown in figure two holes in opposites are for positive
and negative terminal, one hole for gas outlet through gas
hose. Within the container up to top of the electrode either rain
water or distilled water with a very little amount catalysts are
added, because pure water will not conduct electricity. In this
model of HHO tank one liter of distilled water with required
amount of KOH (potassium hydroxide) is added as a catalysts.
4.3.4 Vaporizer
The purpose is to include water vapour to the engine and cool
it down with improvement in combustion and fuel economy. It
can be used with tap water or with a mixture of water and additives.
4.3.5 Selection Of Catalysts
The catalysts may be pinch of salt or White Vinegar (H3CCOOH) or Baking Soda (NaHCO3) or Sodium Hydroxide
(NaOH) or Potassium Hydroxide (KOH) or Potassium Carbonate (K2CO3). Each catalyst has its own merits and demerits.
As per the requirement the requirement the catalyst is chosen;
otherwise it gives more heat with more gas but consumes
more DC current from the vehicle battery. Density of electrolyte is directly proportional to current consumption.
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4.3.6 Designing of Bubble Bottle
Bubbler is otherwise called safety bubbler or collector, which
has a simple arrangement. The container should be flexible
and withstand the vibration and little bit pressure, transparent
and should have feet of height.

Fig.4.3.6.1 - Single Bubbler arrangement.
These all conditions are satisfied by a simple water bottle
made of plastic. With the incoming and outgoing plumbing
works are as shown in figure 4.3.6.1, then it is called Bubbler.
The three fourth of the bubbler should filled with water. The
gas incoming tube from the HHO generator should be dipped
into bottom of the water level always. For that purpose the
side of the tube is pasted up to bottom level of the bottle with
little gap to let gas bubbles from the tube to the top of the water level. The outgoing tube should be at the top of the bottle
top. These arrangements should be a gas tight one. This
bubbler solves two important problems as the generated HHO
bubbles are washed and avoid the chemicals from electrolyze
to flow into engine and another important function is protection
of flashback effect. Instead of single bubbler we may use more
bubbler for our safety and cleaning the HHO brown gas as
shown in figure 4.3.6.2.

Fig.4.3.6.2 - A HHO generator with three bubbler tanks
For each and every incoming bubbler one back flow check
valve has to be placed to avoid the back flow of the water into
the HHO generator side. An important caution about the backfire is that we must ensure the water level in the bubbler at all
times or otherwise it will lead to back fire explosion because
HHO is ignited easily. To avoid this level of sever explosion we
should use flashback arrester valve which are all available in
market in different size and variety and if it is not available
means we may use our own design with a help bronze wool as
a backfire protection and do not try to store the HHO even if in
small quantity level it may lead to larger explosion.
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4.4 Safe Alternatives to Baking Soda
Sodium Citrate which is basically citric acid: A safe food ingredient used in ice-cream, cheese and wine. Possible
sources: ice cream/beverage manufacturers, food supplies,
etc. You may find it under other names: Citrosodine, TriSodium Citrate, Citric Acid (PURE citric acid, no sugar
please!), or Tri-Sodium Salt. Washing Soda is a laundry detergent that might be found under the names of Soda Ash,
Laundry Soda, Sal Soda, or Sodium Carbonate. Used as a
non-toxic all-purpose cleaner-look in the laundry section of
your grocery store. Borax is also used for laundry and might
be known as Sodium Borate, Sodium tetra borate, or Disodium Tetra borate. It is NOT boric acid.
4.5 Control valve
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through a coupling. A digital multichannel temperature indicator measures temperatures at various points. Various measurements provided enables to evaluate the performance of
the engine at various loads.

5.2 Specifications
5.2.1 Engine
Single cylinder, vertical, water-cooled self governed diesel
engine, developing 5HP @ 1500 r.p.m.
5.2.2 Brake
Rope break with spring balances and loading screw.
Break drum diameter = 0.270 meters.
Belt thickness
= 0.006 meters.
Effective radius
= 0.138 meters.
5.2.3 Measurements
i
Calibrated fuel burette for fuel consumption measurement.
ii Orifice meter, fitted to air inlet tank with water manometer for air intake measurement.
iii Multichannel digital temperature indicator for temperatures at various points.
iv Exhaust gas calorimeter to measure heat carried
away by exhaust gases.

Fig.4.5 – Control valve
Connects between the generator and the engine's vacuum
intake and feeds the hydroxyl gas into the engine and can be
able to control the flow of the gas.

4.6 Fuse holder + Electrical Wiring:

Fig.4.6 – Electrical wiring with battery clips
Connects the 12 volts battery to the HHO generator which
helps to produce required amount of gas through the generator.

4.7 Mechanical Installation Hardware
Bungee cords, cable straps, flex tubing which was used for
fitting the generator beside the engine.

5 TESTING THE PERFORMANCE OF DIESEL ENGINE
WITH HHO GAS
5.1 Introduction
Diesel engines are widely used for various applications changing from agriculture to automobiles. Engines are required to be
tested mainly for two purposes- firstly, on production line of
engines; engines are tested to check the proper operation,
output, fuel consumption etc. And secondly, in research of design purposes, where the performance of new design to be
evaluated. The dynamic apparatus consists of a single cylinder; vertical diesel engine mounted over a sturdy frame, loading
arrangement used is rope break which is connected to engine

5.2.4 Testing procedure
i
Check oil level in the engine. It should be up to the
top of the flat portion provided over the oil dipstick. If
oil level is reduced, add up clean SAE-40 oil to the
crank case by opening the valve cover at the top of
the engine. Replace the cover after filling the oil.
ii
Fill up sufficient amount of diesel in tank.
iii
Start the water supply and see that the water is flowing through engine jacket, brake drum and exhaust
gas calorimeter. Put off the water in the break drum.
iv
If diesel tank was empty before filling the diesel, remove air bubble in fuel pipe, by opening the vent
screw, provided at the right side, top of the fuel pump.
v
Release the loading screw so that there is no tension
in the rope.
vi
Lift up decompression lever at the side of the valve
cover, put the handle over the starting shaft and rotate the shaft. As engine picks up sufficient speed,
drop the decompression lever. The engine will start.
Remove the handle immediately.
vii As engine picks up speed, start water to the break
drum.
viii Load the engine with loading screw and set the spring
balance differences to, say 2kgs.
ix
Open burette filling cock, take sufficient diesel in burette and close the cock.
x
Now, turn selector cock to burette position and note
down time required for 10ml fuel consumption.
xi
Note down break drum speed with tachometer and
manometer difference.
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5.2.5 Comparing time taken for consuming 10ml of fuel
with and without HHO in Diesel engine
S.No

1
2
3
4
5

Fuel Consumed

10ml
10ml
10ml
10ml
10ml

Time Taken
Under
Normal
Fuel(Diesel)
(Sec)
104
102
102
100
104
Avg= 102.4

Time Taken With
Secondary
Fuel
(HHO)
(Sec)
115
117
113
111
115
Avg=114.2

Table 5.2.5 – Comparing time for consuming 10ml of fuel with
and without HHO in diesel engine
Under normal conditions average time taken for 10ml of fuel
consumption is 102.4sec
Using HHO gas the average time taken for10ml of fuel consumption is 114.2sec
So we save 11.8sec for every 10ml of fuel consumption

5.2.6 Performance test on four stroke diesel engine by
mechanical loading using diesel only

S.n
o

1

Brak
e
power
(kW)

Specific fuel
consumption
(kg/kw.
hr)

Indicated
power
(kW)

ŋm
(%)

ŋbt
(%)

ŋit
(%)

0.25

0.43

0.58

1.13

38

14.
5

0.91

0.34

1.61

56

24

1.35

0.266

2.05

65
71.
1

32

38.
1
43.
5
48

29

41

76

30

40.
3

3
4

0.50

1.73

0.28

2.43

5

0.63

2.31

0.27

3.01

Table 5.2.6 Performance test on four stroke diesel engine by
mechanical loading using diesel only
5.2.7 Performance test on four stroke diesel engine by
mechanical loading using the HHO gas

1.73

Specific
fuel
consum
ption
(kg/k
w.hr)
0.43
0.28
6
0.22
8
0.25

2.30

0.23

Fuel
consum
ption
(kg/h
r)

Brak
e
pow
er
(kW)

1

0.18

0.42

2

0.26

0.91

S.n
o

(10.24 X 1000)/3600 = 3.28lit/hour

Fuel
consump
tion
(kg/h
r)

0.31
2
0.36

2

For our convenience,
Ordinary fuel consumed i.e. normal conditions 1ml = 10.24sec
This can be converted to lit/hr i.e.

Similarly for HHO gas
11.8sec for every 10ml
1180sec for every liter
4

0.30
9
0.42

5

0.57

3
In terms of liter/hour = 3.05 liter/hour
Therefore, (3.28 – 3.05) = 0.23lit is being saved for an hour.
In terms of fuel that is being saved 23 X 60 = 1380sec
= 1380/11.42 = 120.8ml.
So we save 108ml for every liter of fuel
i.e., 12.08% of fuel is saved.
In terms of rpm (under no load conditions):
Under normal conditions = 600rpm
Using HHO gas = 618rpm
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1.35

Indicate
d
pow
er
(kW)

ŋm
(%)

ŋbt
(%)

ŋit
(%)

37.5
56.5
2

13.2

39.3

22.8

42.5

2.05

65.8

31.6

47

2.43

71.1
76.6
6

30.5

43

29.4

41.6

1.12
1.61

3.0

Table 5.2.7 Performance test on four stroke diesel engine by
mechanical loading using the HHO gas
5.3 Calculations
i
Brake power –

BP 

2NT
60 X 1000

Where,
N= Break speed, rpm = 1580 rpm
T= Torque, N-m
= (L X 9.81) X 0.141 Nm = (4 X 9.81) X 0.141 = 5.34 Nm
ii Fuel consumption –
Let time required for 10ml fuel be tf sec, & density of diesel is
0.851 gms/cc.
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10

FC 

3600

X

tf


28.08

X 0.78 

28.08

1000



tf

xi

 BT 

Where,

Specific fuel consumption –

FC

kg / kw.hr 

0.312

BP

 0.34kg / kw.hr

0.91

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
v

Plot graph of FC vs. BP for different readings. Extend the
line to meet zero FC. The power (on negative side) at
which FC is zero is friction power, FP.
FP = 0.7

vi

Indicated power

H IP

X 100%

HF



5796

X 100  43.5%

13300.56

6 CONCLUSION

tf = time for 10ml fuel to be consumed = 90 sec.

iv

Indicated thermal efficiency –

 0.312kg/hr

SFC 

 0.24 X 100  24%

13300.56

kg/hr

90

iii

3276
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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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