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ABSTRACT
In the past few years automotive companies have been searching for
technological advantages to increase fuel millage in order to protect the
environment, while still providing an enjoyable driving experience for their
customers. With gas prices on the rise, the average American wants a car that
can do everyday activities whilst spending the least amount of fuel possible. Not
only customers are demanding for better gas millage, but the government as
well. In fact, president Obama passed the Fuel Economy Reform Act, which
states that by the year 2025 new cars are to have gas millage of 54.5 miles per
gallon. In our senior thesis we will attempt to address this issue by designing and
building an HHO generator. This generator uses the principle of electrolysis to
split water into its two molecules, hydrogen and oxygen, in gas form. This gas will
be introduced into the combustion chamber of an engine to increase its power,
burn less gas, and exhaust water particles out to the environment.
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1. INTRODUCTION
1.1 PROBLEM STATEMENT
With such high demand for more efficient engines, our mission is to design
and create a device that will increase engine efficiency without jeopardizing its
performance. Such device is an HHO Generator. This generator uses electric
current (electrolysis) to yield hydrogen from water. There are two different ways
to run the hydrogen into the engine. The first and most ambitious way to this is to
send it through the injectors, while shutting off the fuel line. This will only be done
if the system is self-sustained, meaning the car is able to run on hydrogen only. If
this is not accomplished due to thermodynamic restrictions, then the hydrogen
will be introduced into the combustion chamber of the engine through the intake
manifold. We will attempt to make the generator compact and affordable, in order
for it to be appealing to customers.
Building this generator comes with some challenges. We need to make
sure that the amount of energy put into the cell to split the water molecules is
less than the amount of output energy of the generator. In order to overcome this
challenge we will need to make it as efficient as possible. This includes coming
up with a creative design to get as much hydrogen out, with the least amount of
current running through the cell. More concerns include implementing very
conductive wires and metals into our system. Taking these aspects into
consideration will make the HHO generator a productive addition to any internal
combustion engine.

2

1.2 MOTIVATION
Some car manufactures around the world are developing hydrogen-fueled
technologies. Due to the high demand of oil and its main associated problems for
the environment, such as air pollution and gas emissions, some companies such
as BMW, Honda and Mazda are developing cars powered by hydrogen fueled
internal combustion engines (H2ICEs). These systems are different from what the
HHO generator does. Hydrogen cell vehicles replace fuel with hydrogen. This
means that they have a tank to store hydrogen, which has to be filled
periodically. This comes with some complications. One of which is the lack of
hydrogen stations around cities, which makes it uneasy to find, and due to low
demand it’s expensive to obtain. Another setback is that it is very dangerous to
drive with a tank full of hydrogen in your car. Hydrogen is extremely explosive
and in the case of a crash, the tank could explode, this could be catastrophic. On
the other hand, an HHO generator powered vehicle is much safer since the
hydrogen is being produced on-demand and is immediately consumed by the
engine. This solves the two main problems that hydrogen cell vehicles come
with. Moreover, this kind of generator could easily be implemented in any car,
with some minor modifications. Dual-fuel internal combustion engine vehicles
that combine gasoline and hydrogen could be the alternative solution to our
environmental problems. Vehicle conversion to dual-fuel operation is technically
feasible and low cost. Moreover, some states award tax credits for installing
hybrid hydrogen upgrades. It is the simplicity of this design, as well as the
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positive environmental effects that come with HHO generators that is motivating
us to pursue this project.
1.3 LITERATURE SURVEY
Water electrolysis is one of the most clean, simple, and intuitive
procedures to yield hydrogen. Such process, discovered by M. Faraday in 1820,
consists of decomposing water into its constitutional components, oxygen and
hydrogen, by means of electric current. Using water electrolysis to produce
hydrogen has been studied for a long time. Some records indicate that hydrogen
has been used by man as an alternative fuel source in many different levels of
fields such as commercial, military and industrial sectors since the late 19th
century. Electrolysis is a favored field of study for scientific experiments for many
researchers all around the world.
The process of electrolysis works with an electrical power source that is
connected to two electrodes that are made out of typical metal (such as stainless
steel, platinum or, titanium), which are submerged in water enhanced with
electrolytes. Hydrogen will be produced at the negatively charged electrode
(cathode), while oxygen will be produced at the positively charged electrode
(anode).
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Figure 1: Principle of Electrolysis

Ideally the amount of hydrogen produced is twice the amount of the oxygen
moles. The half-reaction equation below shows the electrolysis process:

Equation 1: Half-Reaction Equation

This process is said to have an efficiency of 50$ to 75%, although, there are
more effective electrolysis methods of up to 98% efficiency, like gravitational
electrolysis.
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Figure 2: Electrolysis Photograph

1.4 CONSTRUCTION REQUIREMENTS
The manufacturing of this hydrogen system will require a series of
machining. A milling machine is used in order to drill holes on the bottom of the
vessel. This is where the tubes are going to be extended out of the container in
order to connect the wires for the current. This will allow for the electricity to be
outside of the vessel, while the highly flammable HHO gas is stored inside the
container, making it safer. Moreover, a band saw will be used to cut the stainless
steel tubes to the desired lengths.
Other construction requirements include, making sure the hydrogen gas is
well contained to prevent leaks. For this, sturdy hoses or pipes will be used with
secured ends. Additionally, no hydrogen will be stored. The engine will consume
6

it almost immediately after the process of electrolysis is completed. Another
requirement includes the use of an amp-meter to control the amount of current
use to produce the HHO gas, as well as the use of a PWM (pulse width
modulator) to adjust the frequency of the current in order to decrease the amount
of amperes needed for the water breakdown.
The most important of the requirements is the implementation of EFIE
(electronic fuel injection enhancer), this apparatus is connected between the
module and the MAF (mass air flow) sensor of the car. It uses a circuit that
allows the driver to adjust the voltage reading manually from the sensor and
controls the amount of gas injected in the combustion chamber depending on the
driving condition and the amount of gas the produced by the generator. Every car
equipped with fuel injection system uses a MAF sensor in order to register how
much air is flowing across the air intake manifold to regulate how much gas is
needed to produce a perfect mixture.
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2. PROJECT FORMULATION
2.1 PROJECTIVE OBJECTIVES
1. Design and build a practical and economical way to increase engine
efficiency in combustion engines.
2. Build HHO generator that splits water’s molecules, using the process of
electrolysis. Yielding a mixture of hydrogen and oxygen gas, also known
as HHO gas.
3. Adapt the generator in a conventional internal combustion engine to push
the HHO gas either through the injectors, or if the system is not fully
sustained with hydrogen, through the air intake to have a mixture of air,
hydrogen, and gasoline.
4. Overcome the energy loss that is used in the process of electrolysis with a
higher power output by the engine.
5. Try our best to generate hydrogen efficiently enough to have the car run
only on HHO gas.
6. If the system is not self-sustained with HHO gas only, then improve its
performance and gas millage with such gas.
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3. CONCEPTUAL DESIGN
3.1 CONCEPT DESIGN
An option for the design is to use a Hydrogen (HHO) Generator which can
improve fuel economy on any gasoline, Diesel, or LPG vehicle Concept
Hydrogen Generator. There are research groups that make these systems using
electricity from your vehicle’s alternator in order to transform water into hydroxy
gas while you drive. This gas is then fed into the engine delivering a cleaner,
more efficient combustion. With this innovative Hydrogen on-demand technology
you will use less fuel and save money. This kind of HHO generators uses 12 volt
batteries to power electrolysis. There are other methods of obtaining hydrogen
through water, such as chemical methods. These yield a high output of PURE
H2. With chemical generation no electricity is required. It works on a simple and
very inexpensive chemical reaction using aluminum and water. Each gram of
aluminum can react to produce 1.2 liters of hydrogen at standard atmospheric
pressure. These kinds of organizations are dedicated to the research and
development of Fuel Saving Technologies. However, this concept is not the
industry’s most efficient, but it is an affordable HHO supplementation system.
Both methods, electrolysis and chemical methods are compatible with each
other. They work on most types of engines and are easily installed on vehicles.
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3.2 PROPOSED DESIGN
In electrolysis, people have tried different ways to increase the output of
gas while decreasing the input of current. Some designs are more effective than
others. Some people have tried to improve the conventional way, called ”wet
system”, consisting on plates or tubes submerged in water, while others have
created and developed a design called “dry cell” where the water is constantly
running through the plates.

Figure 3: Wet System

Figure 4: Dry Cell

10

Dry cell designs are cheaper, since they are usually smaller. This design
can vary in shape or size, making in it very easy to install anywhere. The material
used for the plates is stainless steel 316, and uses regular rubber O-rings to
separate them. These types of cells have water continuously running through
them. This means that a water tank is needed to supply the water, as well as, a
water pump to supply the water. These extra components make the cell more
costly.
The wet system design is more complicated to manufacture. This design
might be more expensive since the steel parts and their arrangement are more
challenging to produce. This system uses two different diameter tubes in order to
accommodate one inside the other with different polarities, as illustrated in Figure
3. Inner tubes are positive while outer tubes carry negative charge. As far as the
container goes, a material capable to satisfy some important parameters needs
to be used. It needs to resist high temperatures and pressure, since the
electrolysis process generates a significant amount of heat and the pressure built
inside is sometimes up to 60 psi. Moreover, it has to be made out of a dielectric
material in order to avoid electrolysis between the tubes and the inner wall of the
container.
The effectiveness of the wet system is higher than the dry cell system
because it allows for bigger metal surface area. Although more current input is
necessary, the amount of hydrogen produced is greater. Despite the cost of
fabrication of this system and the limited budget, this design has been chosen for
the project in order to obtain a better production of hydrogen.
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3.3 DESIGN ALTERNATIVES
A wet cell design for the generator that has been chosen, as previously
mentioned. Yet, there are two alternative designs of how to feed the HHO gas to
the engine. The first is a very ambitious, but plausible design. A hose coming
from the generator vessel will be connected to the fuel line while the fuel line will
be disconnected. This means the engine will run only on hydrogen and air.
However, the amount of HHO might not be enough for the engine to run
efficiently. The alternator has to produce enough amps to recharge the car’s
main battery as well as a secondary battery that is in charge of sending current to
the generator in order for the electrolysis process to happen efficiently. The
generator then has to send HHO gas into the engine nonstop in order for the
cycle to continue. If at some point of the rotation of the engine is not enough to
run the alternator efficiently enough for the cycle to happen, there won’t be
enough hydroxy gas (HHO gas) to feed to the engine and the car will shut off.
One way to fix this problem is to turn the engine into a hybrid by implementing a
system that switches between the HHO gas line and gasoline line with the flick of
a switch. For example if the pressure inside the vessel of the generator starts to
decrease, the car will switch to gasoline power. Once the car runs on gas, the
alternator will be able to send current to the battery of the generator and
eventually will have adequate pressure buildup to run the car again on hydroxy
gas. This Hybrid design adds some complications as there would need to be a
device in which the HHO gas line and the gasoline line connect to a valve that
switches between the two. There would also have to be a switch to move the
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valve, as well as a pressure gage in the vessel to let the driver know it’s time to
run on gas.
If the system is unable to run on hydrogen and without gas, then Plan B
comes in play. Plan B is the other way to make use of the generator, which is
much simpler. The HHO gas will be fed into the air intake manifold of the engine.
The car will run on gasoline all the time, but the mixture of air, hydroxy gas, and
gasoline, will improve the combustion cycle, making the engine cleaner and more
efficient, since hydrogen is a lot more explosive than gas. The outcome of this
design involves more gas mileage and cleaner exhaust gasses. Both alternatives
accomplish the goal of environmental friendliness.

3.4 FEASIBILITY ASSESSMENT
Out of the two alternatives of how to drive the hydroxy gas to the engine,
the second alternative is more feasible. Having the gas run into the air intake is
cheaper and more achievable. However, testing becomes a big issue with this
design, as there would need to be prove of gas millage improvement. On the
other hand, the first idea of implementation of the design will require no actual
tests as the car will pretty much run only on water. This would be a huge
breakthrough for us, the environment, and the automotive industry. However, this
will be more costly and complicated. Both designs will be tried. On the Results
section of this report, there will be a section explaining the design that worked as
well as a feasibility assessment with more in depth data in order to compare the
total cost of the generator and the gas mileage increase, in order to find a payoff
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time. This is the time it takes for the savings in fuel consumption to outweigh the
investment in a generator with the specifications given in this report.
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4. ANALYTICAL ANALYSIS
In order to quantitate the process of electrolysis, some equations that
relate the current needed to obtain a certain volume for a gas have been found.
The process for this calculation at room temperature and at 1atm is:
1. Write the half-reactions that take place at the anode and at the cathode.
Anode (oxidation): 2H2O(I) -> O2(g) + 4H+(aq) +4e—
Cathode (reduction): 2H+(aq) + 2e-- -> H2(g)
2. Calculate the number of moles of electrons that were transferred.
Knowing:
 Amperes X time = Coulombs
 96,485 coulombs = 1 Faraday (F)
 1 Faraday = 1 mole of electrons
Example:
o
o
o
3. Calculate the moles of hydrogen and oxygen produced using the number
of moles of electrons calculated and the stoichiometries from the balanced
half-reactions. According to the equations, 2 moles of electrons produce 2
mole of H2 and 4 moles of electrons produce 1 mole of O2 gas.
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4. Calculate the volume of each gas using ideal gas law (V=nRT/P).
Where n: number of moles.
R: Boltzmann constant = 0.08206 (L atm/mol K)
T: temperature in kelvin.
 Volume of Hydrogen gas:
o
o
These calculations have shown that for a current of 60 amps during a period of 1
hour, the electrolysis of water yields 54.75 liters of hydrogen gas and 13.69 liters
of oxygen gas.

The following calculations show the air/fuel ratio for an internal combustion
engine using hydrogen as fuel. They were obtained from an article published by
College of the Desert in Palm Desert, California, titled: Hydrogen Use In Internal
Combustion Engines in December 2001.

The stoichiometric combustion of hydrogen and oxygen is given as:
2H2 + O2
= 2H2O
Moles of H2 for complete combustion = 2 moles
Moles of O2 for complete combustion = 1 mole
Because air is used as the oxidizer instead of oxygen, the nitrogen in the air
needs to be included in the calculations:
Moles of N2 in air:
Number of moles in air:
Weight of O2:
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Weight of N2:
Weight of air:
Weight of H2:
Stoichiometric air/fuel ratio for hydrogen and air is:
Air/fuel based on mass:
Air/fuel based on volume:
The percentage of the combustion chamber occupied by hydrogen for a
stoichiometric ratio:
%H2:

A hydrogen internal combustion engine requires 29.6% of it mixture to be pure
hydrogen in order to operate correctly.

17

5. MAJOR COMPONENTS
The main component in a Hydrogen-on-Demand system is the HHO or
Hydroxy gas generator. This device can be a simple one-cell unit or have as
many cells as needed to produce the quantity of HHO gas desired. Electric
current is the driving force that creates electrolysis in such generator. It
separates chemically bonded compounds in water by passing an electric current
through them. By adding an electrolyte to the water, the electrolysis process can
be enhanced. An electrolyte is any substance containing free ions that behaves
as an electrically conductive medium. Catalyst, would be the correct term
because of the function it performs to speed up the production of HHO gas.
Another important component for regulation is the Amp Meter, this is a tool used
to measure the amperage flowing through a wire or other conductive material. It
is a very important tool for this project, because the amount of amps sent to the
cell determines the amount of HHO gas generated. Moreover, we need to add an
EFIE to the car’s ECU to make sure the mixture of air, gas, and HHO are well
balanced as well as the use of a PWM (pulse width modulator) to adjust the
frequency of the current in order to decrease the amount of amperes needed for
the water breakdown.
The final major component of our design is a vessel that’s big and sturdy
enough in which to conduct electrolysis in. It has to be able to maintain high
enough pressure of HHO gas to the able to send it through hoses and into the
engine’s combustion chamber. Furthermore, some machining is need for the
vessel. Holes are drilled on the bottom of the vessel to allow for screws, which
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are welded to the each of the tubes to come out from it. This is done to connect
the cables running the current to the screws sticking out of the vessel.
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6. STRUCTURAL DESIGN
The team conducted research to find information about hydrogen
generators in general. Many design specifications do not meet our need or
standard that we were trying to reach. According to this specific critical research,
we need to come up with a better plan and design to meet our efficiency goals.
Many design alternatives were looked at to determine the best way to
generate the highest amount of hydrogen possible. The chosen design model will
be reevaluated to seek optimum efficiency. Sizing plays an important aspect of
the design, specifically the stainless steel tubes that will submerge under the
water. The optimal tube design has been chosen for this project. An alternative
design using parallel plates will also be tested to assure that we have chosen the
best design that is suitable for our application.

Figure 5: Turbo Star Pipes
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Tube Specifications:
Stainless Steel Grade 316L is used where corrosion resistance and good
mechanical properties are primary requirements. This cell generator is built with
12 concentric 316L grade stainless steel seamless pipes and spacers.
The outside pipes are 9-1/8" inches long by 3/4" outer diameter and the
inner pipes are 10" inches long by 1/2" outer diameter and the wall thickness is
.035". To connect power (12 v or 24 v battery), negative current is attached to
inner tubes and positive current to the outer tubes.

Table 1: AISI 316L Stainless Steel Property
AISI 316L Stainless Steel
Property
Elastic Modulus
Poisson's ratio
Shear Modulus
Density
Tensile Strength
Yield Strength
Thermal Expansion
Coefficient
Thermal Conductivity
Specific Heat
Material Damping Ratio

Value

Units

2e+011
0.265
8.2e+010
8027
4.85e+08
1.7e+08

N/m^2
N/A
N/m^2
kg/m^3
N/m^2
N/m^2

1.65e-005

K

14.6
450
N/A
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W/(m·K)
J/(kg·K)

7. COST ANALYSIS
Table 2: Structural and Prototype Cost Analysis
ITEM
Generator Vessel

DESCRIPTION
GE Whole house filter system

Qt
1

PRICE
$62.98

Bolts
Nuts
Epoxy Resin

5/16" Carriage Bolts Stainless Steel
Jam Nuts Zinc 5/16"
Super Glaze Gloss Kit
1" dia. 7 feet long
3/4" dia. 7 feet long
1 3/4" dia. 9" long
1 1/2" dia. 9" long
100 Pcs M6 x 1.0 Nylon Screws
100 amp digital meter
Pulse width modulator
2 battery isolator 140 amp with exciter
Dual Edge MAP MAF sensor enhancer
Timeter Oxygen float flow meter 0 - 15 LPM
Led electric digital universal oil pressure gauge
Based on $20/hr
Total cost
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1
1
1
1
1
1
1
1
1
1
1
1
6 hours

$16.98
$5.90
$24.98
$43.40
$35.21
$6.85
$6.40
$12.20
$16.49
$89.99
$62.90
$40.60
$22.99
$21.88
$120.00
$589.75

Stainless Steel pipe
Plastic Screw
Ampmeter
PWM
Battery Isolator
EFIE
Flowmeter
Oil Pressure gauge
Machining/Installation

The cost of manufacturing and installation is a rough estimate based on
$20/ hour, which includes labor plus the cost to run the machines. Our team
conducted all the process of fabrication with the help of individuals related to
each field.
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8. PROTOTYPE SYSTEM DESCRIPTION
The chosen design will be a wet cell system. The stainless steel tubes
with a negative charge will be connected to the negative pole of the battery and
the positive will be connected to a relay, this will give an on/off control of the
system while the car is driven. Moreover, the battery assigned to the cell will not
be the same battery of the car. The alternator will be in charge of changing a
second battery whose sole purpose is to run the electrolysis process. This is
done to avoid the main battery of the car from discharging, impairing the vehicle
to run properly. Figure 6, shows a diagram for the secondary battery.

Figure 6: Diagram

For the connections, 6 gauge battery cables will be used to reduce electric
resistance. To avoid all possible losses the vessel should be placed close to the
battery. However, the prototype vessel will be too big to install anywhere on the
engine compartment. It will be placed in the trunk of the car. Additionally, an amp
meter as well as a fuse will be part of the system. This will help monitor the
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amount of current drained from the vessel, which is a safety precaution as well.
All connections are shown in detail in Figure 7.

Figure 7: System Diagram

Ideally, a reservoir tank will be implemented to maintain the level of water
required inside the vessel. This will be done automatically with a pump
connected to the tank that’s regulated by a level sensor placed inside the vessel.
As water is turned into gas, new cooler water will enter the vessel. However, due
to space and budget constrictions, this was not done. Instead, the vessel has to
be filled manually every time the water level is too low.
In the case the HHO gas will go into the engine through the air intake, the
output gas of the generator cannot be connected directly to the air intake
manifold of the car. For safety reasons is important to use an apparatus called
“bubbler” between the HHO generator and the intake of the car as shown in the
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figure below. The bubbler is closed container full of water that will help us avoid
any condensed leftover liquid to get into the engine, as well as any back fire from
the engine to enter our generator, this could cause an explosion.

Figure 8: Bubbler
In order to measure the amount of hydroxy gas the generator is producing
a flow meter is connected to the output of the vessel. This instrument has a scale
from 0 to 5 liters per minute and is used to measure the flow of oxygen (O 2). This
will be an estimated value since the density of the hydroxy gas is different than
oxygen.

Figure 9: Flow Meter 0-5 LPM
25

9. PLAN FOR TESTING PROTOTYPE
The intension of this thesis is to have the HHO generator power the
vehicle’s engine solely on hydrogen gas and not on fuel. The goal is to build up
enough pressure on our vessel so that enough hydrogen can be sent to the fuel
injectors and eventually shut off the fuel lines. The alternator will have to supply
enough charge to recharge two batteries. One is the main battery for the car’s
usual electric tasks, while the other one is used solely to send current to the HHO
generator. If this is achieved, then there is no real need to make tests for gas
millage since the car will run pretty much solely on water. That would be enough
prove that our design works properly. If the engine runs without the need of fuel,
this would be a big breakthrough for the team and the automotive industry.
However, if the current needed to make enough HHO gas is greater than
the current the alternator can produce, then the generator will not be selfsufficient. If this is the case, the generator will be used as a performance
enhancer for the engine. The HHO gas will most likely be introduced into the air
intake of the vehicle. Now, there would have to be a series of test done to prove
that the generator is actually improving gas millage. The test will provide
additional proof of the generator’s performance. The car will run with a full tank
without the operational generator and will be driven normally. The amount of
miles traveled will be recorded. Once a certain amount of miles have been
driven, it will be filled again and the car will be driven under the same
circumstances, this time, with the generator on. Once the same amount of miles
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has been driven, the amount of miles traveled and the gallons consumed will be
compared with the ones traveled with the generator off.

9.1 TESTING FOR GAS MILEAGE
The following series of steps were done in order to test for improvement of
gas mileage. For both the control runs and the experimental runs, some aspects
that affect gas mileage are kept constant. These are:


A/C temperature.



All windows must be completely closed.



Tire pressure.



Weight of the car (only the driver is in the car).



Driver will try to be consistent with acceleration and rpms at cruise
speed.

Control run:
1. Fill the fuel tank with 87 octanes until the pump stops by itself.
2. By checking the odometer, drive around 50 miles combined highway and
city.
3. Once ~50 miles have been recorded, the fuel tank is refilled at the same
gas station.
4. Record the gallons it took for the gas tank to be filled up again.
5. Find gas mileage by dividing miles driven by the gallons consumed.
6. Repeat steps 1 through 5, five times to account for uncontrollable factors,
like road conditions and ambient temperature.
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Experimental Run:
1. Repeat steps 1 through 6 on the control run with the HHO generator on,

while keeping the current (amps) for the electrolysis constant.
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10. MANUFACTURING
As stated before it was decided to build a wet system for the prototype.
The most challenge part of this design was the setup of the pipes inside the
vessel. To accomplish this task, a CAD drawing of the bottom of the vessel was
drawn in order to determine the exact locations of the holes to be drilled. To
make the holes on the plastic vessel, a CNC machine was used in order to be
more precise on their location, this was necessary in order to avoid interference
between the tubes allocated inside the vessel.

Figure 10: CNC Drilling

For the second part of the manufacturing, the main focus was on the outer
and inner tubes. A manual lathe was used for cutting, turning and facing of the
tubes at the desire measurements.

The same lathe was used as a holding

fixture for welding the tubes and the carriage bolts in the desire position. These
bolts are going to be used for the conduction of current to the tubes.
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Figure 11: Bolt and Tube Welding

For the completion of the manufacturing process, it was necessary to seal
the holes made on the bottom of the vessel to avoid leaking of water and gas
pressure. After arranging the tubes and inserting their corresponding bolts in the
desire position, a one-inch layer of resin epoxy was applied inside the vessel.
This epoxy, besides closing any opening in the vessel, will help fix the tubes in
their position avoiding any kind of movement while the car is running.

10.1 ASSEMBLY AND INSTALLATION
As previously mentioned, this HHO generator was designed in order to fit
any kind of internal combustion engine. The installation and wiring of all the
instruments and electrical components needed for the generator were made
separate from the car. The secondary battery used to feed the generator was
also implemented to power up these instruments and other accessories.
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In order to avoid our secondary battery to run out of power due to the
process of electrolysis, a battery isolator was used to get current from the
alternator to recharge the battery and to avoid contact to the main battery of the
car. For this matter, some re-routing of the car wiring was made. Additionally, the
EFIE was installed; this is the most important component to achieve our goal,
increase fuel mileage. This apparatus is then connected between the car’s
computer and the MAF sensor, for the installation the sensor had to be located
and the sending wire from the unit was spliced to conduct the proper connection.

Figure 12: Battery Isolator

Figure 13: EFIE
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To accomplish “Plan A”, running the engine just with hydroxy gas,
installation was very complicated. The fuel rail had to be disconnect from the fuel
line to be connected to the new hydroxy gas line, also one of the sides had to be
sealed in order to avoid any loses of the gas. At the same time, the fuel pump
relay was removed to prevent the pump to work and avoid any leak of gasoline.
For “Plan B”, running the engine on gasoline and hydroxy gas at the same time,
installation became fairly simple. The hose was connected straight to the air
intake manifold.

Figure 14 Finished Generator in Trunk

Figure 14 shows the finished product, with all its components, placed in the trunk
of a 2003 Chevy Malibu.
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11. HEALTH AND SAFETY CONSIDERATIONS
11.1 HEALTH
Hydrogen is the most abundant element in the universe, the first element
in the periodic table, and one of the most promising new alternative fuels of the
future. The 21st century will be the time of change, end of the widespread use of
fossil fuels that have been harming our environment. Fossil fuels, such as coal
and petroleum, are the remains of prehistoric organisms buried beneath the
earth's surface millions of years ago and they're in limited supply. The reserves
of these fuels will eventually vanish by the rate that we are abusing them.
Preferably long before we extinguish them, we have to find alternatives. It is
important that we find new ways to power our technology. Vehicles that currently
use internal combustion engines to burn diesel or gasoline fuel will need to run
off of new fuels that are less scarce and burn cleaner, reducing or even
eliminating the possibility of pollution and keeping away harmful gasses that can
affect consumers’ health.
11.2 ENVIRONMENTAL IMPACT
Since the industrial revolution started, the environment has experienced
some changes which are irreversible. All the exhaust gasses emitted by
factories, coal power plants, airplanes, vehicles, etc. are heating up the planet
and are causing the polar caps to melt. Such phenomenon is changing the global
temperature of the planet. Scientist predict that by the end of the 21 st century the
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sea level will rise up to 6ft. This will affect about 100 million people that live in
cities like Miami. CO2 emissions are accountable for such drastic effects. Another
way machinery is affecting the environment is with the uses of substances that
contribute to ozone depletion. These usually have high concentrations of chlorine
or bromine. Some of these include chlorofluorocarbons, or CFCs, halons, methyl
bromide, carbon tetrachloride and methyl chloroform; most of these are used as
refrigerants for HVAC systems. Their thermodynamic properties and their ability
to transfer heat make them ideal for such systems. However, they deplete the
ozone layer, which is responsible for reflecting the sun’s ultraviolet rays. An
excess exposure to these rays could potentially cause skin cancer.
It is an obligation nowadays for scientist and engineers to look for ways to
reduce these emissions and to try to slow Global Warming and stop the ozone
layer from depleting. This thesis is aimed to find a way to alleviate the fuel
consumption of the average person, by implementing an HHO generator. It is
also aimed to show people an example that young engineers such as ourselves
do care for the well-being of earth and humanity in general. The Implementation
of one single HHO generator will not help the environment much. However, we
are hopeful that devices such as this one will become a trend. Not only they will
save people money, but they will help the environment by consuming less
gasoline and they will also emit less harmful gasses.
11.3 VEHICLE IMPACT
Vehicles consume a lot of energy and use many different fluids including
battery acid, motor oil, antifreeze, gasoline, air-conditioning refrigerants, and
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brake, transmission, hydraulic and windshield-wiper fluids. In most cases, these
toxins are harmful to humans and animals, and can pollute waterways if they leak
from the vehicle or are disposed incorrectly. Many vehicle fluids are exposed to
heat and oxygen while an engine is running, and undergo chemical changes.
These fluids also pick up heavy metals from engine wear and tear, making them
even more toxic to the environment. There is no question about the damaging
environmental effects that are involved with automobiles, and it is our duty as
engineers to address these issues.
Vehicles are the biggest air quality contaminants in America. They
produce about one-third of all United States air pollution. Carbon monoxide, the
smog, and many other toxins that are being emitted by vehicles are troubling
because polluted air directly hit the areas where humans breaths, which is why
the vehicle emissions an even more immediate heath concern than the toxins
that are being emitted by industrial smokestacks that is high in the sky.

11.4 SAFETY
Using hydrogen as a fuel supplement for transportation applications such
as combustion engines in cars introduces certain potential safety hazards for the
general public and consumers. Hydrogen is an odorless, tasteless, colorless, and
highly flammable gas. In comparison with gasoline, hydrogen has higher
flammability. Storage of hydrogen gas under high pressure introduces hazards to
nearby personnel in the event of a loss of containment from material failure, so
therefore choosing the correct materials is the key to properly maintain the
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tolerance required. The released hydrogen poses a combustion hazard because
hydrogen burns with an invisible flame and has a very wide flammability range as
mentioned.

Hydrogen generators can provide a cost effective method of supplying
high purity hydrogen. Since it is three times more potent than gasoline, hydrogen
generators generally keep the hydrogen at low pressures (40-60 psi), diminishing
the chances of any sudden releases of high pressurized H2 gas. Periodic
maintenance is recommended to ensure no parts have been worn off. Since
these systems are relatively simple, most maintenance can be done in a house
garage in a timely manner. It is important to install a hydrogen generator with
care. Although the hydrogen generators may require the user to add a caustic
solution to produce hydrogen gas, most generators for car applications need only
distilled or de-ionized water. Generators that use only water are more desirable
as they eliminate the hazards associated with handling additional chemicals.
While only small quantities of hydrogen are stored in the vessel, as well as the
HHO gas being sent to the engine almost immediately, hydrogen is a flammable
substance that requires care and should be handled with care.
In the case of the prototype manufactured for this senior thesis, all team
members will follow a series of precautions when handling the generator. First of
all, the generator will be equipped with a pressure gage to ensure that the
pressure contained will never exceed 60 psi. Even though, the vessel selected
for the prototype is a GE Whole House Filter, which, as specified by the
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manufacturer, can hold up to 100 psi, we won’t allow for a pressure build up to
reach more than 60 psi since we are dealing with hydrogen. Furthermore, tests
and installation of the generator will be conducted in a safe place with no flames
or flammable materials around. Additionally, team members working on the
generator will wear protective gear at all times. This includes goggles, gloves,
etc. The prototype will be seal proved to ensure no hydrogen gas will leak; there
will be sealant paste applied to the top cap of the vessel as well as at every hose
or pipe connection. When dealing with flammable materials it is important to have
a set of safety regulations to abide by. Following all these safety precautions will
greatly reduce the chances of a mishap.
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12. ETHICAL CONSIDERATIONS
It is an engineer’s responsibility to always make decisions based on
ethical principles. A mechanical engineer that designs an engine with low gas
millage and damaging gas emissions is an example of non-ethical behavior. One
can certainly agree, especially nowadays, that going green is a big ethical duty
for all engineers. As senior engineering students, we saw the opportunity to
address this issue in our thesis, conducting research to find a very simple and
doable way to transform any car’s engine, turning it greener and more effective.
Our goal is to prove the effectiveness of HHO generators, since there is a lot of a
disagreement about it online. We are hopeful that it will work and we will promote
their effectiveness to try to alleviate the damage that human beings are doing to
their own home, earth.
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13. PROJECT MANAGEMENT
13.1 BREAKDOWN OF WORK INTO SPECIFIC TASKS
Table 3: Breakdown of work into specific tasks
Project
Formulation
Proposed
Design
Alternative
Design
Analysis
Manufacturing
Testing
Cost Analysis
Prototype
Optimization
Report
Preparation
Power Points

Alejandro Paya
X

Juan Barrera Ngin Mang
X
X

X

Thwin Siss
X

X
X
X
X
X

X
X
X

X

X

X
X
X
X

X
X
X

X

X

X

X

13.2 BREAKDOWN OF RESPONSIBILITIES
Table 4: Breakdown of responsibilities
Alejandro Paya
Report
Completion
Funding
Building
Completion
Team
member
performance

Juan Barrera Ngin Mang
X

X
X

X
X
X
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Thwin Siss

X

13.3 GANTT CHART
Table 5: Gantt chart

Literatture survey
10% Report
Poster
25% Report
Research
Conceptual Design
Solidworks Design
Manufacturing
50% Report
Installation
75% Report
Testing
100% Report
Completion
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14. RESULTS
14.1 ANALYTICAL RESULTS
The following are calculations done to see how much volume of hydrogen
gas and Oxygen gas are produced inside the final prototype HHO generator over
a period of an hour. The electric current is the driving factor in this calculation.
The car’s alternator is sending an average of 45 amps to the generator.
Following the same steps described in Part 4 of this report:

Now, from the stoichiometry taken from the balanced half-reactions we obtain the
moles of hydrogen and oxygen produced.

Finally, using the ideal gas law (V=nRT/P), we get value for the volume of each
gas.
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This shows that for an hour period at 45amps, the generator is producing
41 liters of hydrogen gas and 10.3 liters of oxygen has. Our assumptions are that
the vessel is at atmospheric pressure and at room temperature. However, since
the vessel is placed in the trunk of the car, and its used in South Florida, the
temperatures in the vessel are going to be higher. Since higher temperature
yields more gas volume, it has been determined that the values obtained are the
minimum volume of HHO gas produced by the prototype.

14.2 DELIVERY SYSTEM
One of the alternatives of this generator was to use the HHO gas
produced to run the car without the need of fuel. Unfortunately, this ambitious
attempt to solve one of society’s biggest problems was not successful. The idea
was to send the HHO gas through the injectors. But, the fuel injectors of the car
were not suitable to handle the gas. Moreover, the problem was due to car’s
ECU. On average, they are programmed to operate at an air-fuel volume ratio of
14:1. However, as described in Part 4 of this report, for an engine to operate with
hydrogen there needs to be an air-H2 volume ratio of 2.4:1. In terms of
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percentage, 29.6% of the mixture has to be pure hydrogen gas. The ECU and
the injectors are not designed for such a ratio. Furthermore, the car chosen to
implement the prototype generator is a 2003 Chevy Malibu, which has an
alternator that generates a current of 105amps. For safety and quality reasons,
alternators are designed to operate at 30% to 40% of its maximum output
continuously. This means that almost all of its output would go to power the HHO
generator and not to charge the car’s main battery. Without the use of gasoline,
the amount of energy coming from the generator is not enough to power the car,
turn the alternator, charge the battery, and power the generator itself again. It’s a
dead end, not a stable cycle.

Since the first delivery system failed, it was decided to use the gas as an
additive to the air and gasoline mixture in the combustion chamber. This was
done in a very simple way. The hose carrying the gas from the generator was
connected to an orifice in the air intake of the car. The HHO gas combines with
air and is then sucked into the combustion chamber where it is mixed with
gasoline and sparked to make the explosion that moves the piston down and
ultimately rotates the crankshaft. Such explosion is said to be more powerful and
cleaner. To ensure that the right mixture of air, HHO gas, and gasoline are
happening, a pulse modulator was adapted to the car’s ECU. This allows for a
well-balanced mixture and ensures the car’s efficiency. Since hydrogen gas is
now a part of the combustion, there is less need for gasoline. Further details of
the fuel consumption are explained next.
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14.3 FUEL CONSUMPTION
After the generator was designed, manufactured, and installed in the 2003
Chevy Malibu, a series of test, described in Part 9 of this report, were performed
to obtain quantitative data as to the efficiency of the car with and without the
generator. Such data is expressed in the tables below.

MPG without HHO generator
Run
Gallons Miles
1
2.667
52.3
2
2.727
51.9
3
2.746
53.2
4
2.426
49.1
5
2.597
48.9
Average 2.6326 51.08

MPG
19.610
19.032
19.374
20.239
18.829
19.417

Table 6 MPG Without Generator
MPG with HHO generator
Run
Gallons Miles
1
1.918
47.5
2
2.203
51.8
3
2.351
55.5
4
2.025
49.2
5
2.129
53.6
Average
2.1252 51.52

MPG
24.765
23.513
23.607
24.296
25.176
24.272

Table 7 MPG With Generator

The percentage of gas mileage increase is as follows:
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Chart 1: MPG Comparison with and without HHO

MPG Comparison
27

MPG
without
HHO
generator

25

MPG

23
21

MPG with
HHO
generator

19
17
15
47

48

49

50
51
52
53
Miles Traveled (mi)
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It was concluded that the car experienced an increase of 4.86 miles per
gallon combined (highway and city), going from 19.42 to 24.27 mpg. This is a
25% decrease of fuel consumption, which is an astonishing amount. This shows
proof that HHO gas, as an additive to a car, does work and saves the consumer
money on their gas expenditure.
14.4 PAYOFF PERIOD
Knowing the total cost of the generator, including parts, machining, and
installation, a prediction can be made based on the 25% increase in miles per
gallon. Based on data from 2011, the US Department of Transportation states
that the average American 13,475 miles per year. For a person to drive a car like
the one tested on this project with a generator such as the one described here,
taking the cost of fuel to be an average of $3.50 and based on a fuel
consumption reduction of 25%, the amount of savings is as follows:
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Based on the total cost of the generator to be $589.75, and assuming no
further expenditures need to be made in order to repair certain parts, within less
than a year’s time the cost of installing an HHO generator, with the specifications
provided in this report, will pay off in fuel savings. As stated before in the
motivation section, as engineers we look for ways to improve our daily lives
without harming the environment. With this simple device both of these aspects
are accomplished.
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15. CONCLUSION
There is a lot of skepticism about HHO generators for vehicles found
online. Our final thesis gives valid evidence that, in fact, they do work. It was
determined that in order to supplement fuel consumption with hydrogen gas
completely, many modifications need to be made to the fuel system of the car,
that were out of our reach. Even if these were accomplished, the amount of
energy needed for the car to run as well as to power the generator is not enough
without the energy coming from the fuel. The hydrogen cell produced oxygen and
hydrogen from water through electrolysis. Minimization the cost was done by
using wildly available materials. Once Plan A was not successful, Plan B was
implemented. From the results of the experiment it can be concluded that having
an HHO generator such as this one, will improve gas mileage.
The findings of this senior thesis benefit the environment and society.
Since implementing the hydrogen generator will produce less carbon dioxide to
the atmosphere, as well as, less consumption in gas. Therefor it will reduce
greenhouse gasses. Hence, less effect on global warming on the long run.
Moreover, since implementing a hydrogen generator will provide more fuel
efficiency, it will save money for people who will use our product. It is hard to tell
if the generator will continue to be as efficient in the long run, because we
couldn’t take into account alternator wear or battery productivity. However with
regular checkups these factors can be taken care of.

47

The process to design and manufacture was a little tedious, as we needed
to do research on the different types of electrolysis and HHO generators. Many
times we encountered people claiming that such generators are not efficient and
that, in fact, they are a myth and don’t work. This was kind of discouraging
sometimes. But we kept working through with the intention of showing proof of
their effectiveness. We were very pleased when we acquired the results showing
an improvement in gas mileage. As engineers, we felt accomplished to know that
such device can help alleviate some of society’s biggest issues.
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17. APPENDICES:
17.1 APPENDIX A: MACHINING
The following are photographs of manufacturing of the actual prototype:

Figure 15: Cutting Steel tube

Figure 16: Welding steel tube to bolts
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Figure 17: Drilling a hole for spacer

Figure 18: Drilling GE Whole house filter
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Figure 19: Assemble component
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17.2 APPENDIX B: MANUFACTURED PROCEDURE


Buy all the necessary raw material such as generator vessel, bolts, nuts,
epoxy resin, stainless steel pipes, plastic screw, amp meter, PWN.



Cut the 1”, and ¾” Stainless Steel pipe to cut 7 feet long, and 1 ¾”, and 1
½” cut to 9 feet long.



Welding the Stainless Steel pipes to the top of the bolts.



Drill small holes in the bigger steel tubes for spacers to be placed.



Drill holes in the bottom of the GE whole house filter for bolts to slip
through.



Assemble all the components.



Make wood support for generator.



Place securely in the trunk of a 2003 Chevy Malibu.



Make all necessary pipe and wire connections.
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17.3 APPENDIX C: PURCHASED MATERIALS
Table 8: Expenses Item list
ITEM
Generator Vessel

DESCRIPTION
GE Whole house filter system

Qt
1

PRICE
$62.98

Bolts
Nuts
Epoxy Resin

5/16" Carriage Bolts Stainless Steel
Jam Nuts Zinc 5/16"
Super Glaze Gloss Kit
1" dia. 7 feet long
3/4" dia. 7 feet long
1 3/4" dia. 9" long
1 1/2" dia. 9" long
100 Pcs M6 x 1.0 Nylon Screws
100 amp digital meter
Pulse width modulator
2 battery isolator 140 amp with exciter
Dual Edge MAP MAF sensor enhancer
Timeter Oxygen float flow meter 0 - 15 LPM
Led electric digital universal oil pressure gauge
Based on $20/hr
Total cost

18
20
1
1
1
1
1
1
1
1
1
1
1
1
6 hours

$16.98
$5.90
$24.98
$43.40
$35.21
$6.85
$6.40
$12.20
$16.49
$89.99
$62.90
$40.60
$22.99
$21.88
$120.00
$589.75

Stainless Steel pipe
Plastic Screw
Ampmeter
PWM
Battery Isolator
EFIE
Flowmeter
Oil Pressure gauge
Machining/Installation
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