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Purpose Statement
The purpose of our project is to gain experience designing, constructing and testing a

concept of ouown design. This project gaus a chance to experience the design process from
beginning to end with a hanas approach. Our motivation for this project is to create a greener
form of energy using thpower of the ocean. Our goal wassuccessfully create power during

testing usiag our design.Our project was a success.

Figure 1 S.H.ARK.E.S.



Executive Summary
The goalof this project waso design an efficient, cost effective renewable energy device

which harnesses the power of the ocean's curtergsnerate electricity. Our main objective is to
use the current to spin a propeller fixed to an underwater hull. The idea is to use the torque
created by current flowing over the propeller to turn a generator, and create electricity. The
primary locatiom of operation would be in a constant current like the Gulf Stream. The average
speed of boundary current in the oceans is approximately 4 knots. The flow speed is very
important because it directly affects what kind of generator we need to use, théepagsgn,
and the hull design. Since our hull was previously designed for similar application, vesl teeed
design the propeller and the other internal parts such as the drivershaftuplers. The
generator needdd be waterproofed in some way; vaecided to use a pressure housing to
accomplish this.We created our initial screw propeller design as well as a California turbine
propeller design for comparison.

Our device wasested by pushing in front of a boat at just underkdots to simulatera
ocean current. Our device wsecured to the front of the boat and pushed underwater, then
raised when the test is dowe tested three different propellers: screw, California, and a
standard boat propeller. The results of our testing showed that weswaressfully able to
create energy from each propeller. The screw propeller far exceeded our expectations and
produced the greatest amount of power.

The actual device that sits in the ocean will need to integrate buoyancy with ballast
tanks, and stality with fins. The fins may also have controls via fiber optics to control lift for
depth control. The final design will also incorporate a tether system and electric cables which
send the electricity from the device into a power station, where it getelganto the power

grid.



Background
History of Hydro Energy

The need for renewable energy has been in demand long before there was electricity. The
Greeks used hydropower to turn mills to grind grains. The Egyptians and ancient Chinese used
wind to paver basic mechanical devices, such as wind mills. Since the introduction of electricity
in mainstream society there have been endless attempts to create power. There are so many
resources that can be used to create renewable energy, such as wind pawsswss, bie
fuels, and of course water power. All the different resources are dependent on the area and
availability for the resource. Lucky for planet earth it is covered by approximately 72% of water.
The majority of populations are all located neajon bodies of waters which is a good thing
considering the energy captured through water based energy systems are more productive then
those of other sources. This can be seen in the table below.

Energy Captured per Annum
MW hiyr per unit size of system

6

.15
- 0.2

wave  current  wind solar

Figure 2 Comparison of renewable energy resources and average values of energy captured (2)



Although water power has been used for centuries, using the ocean as an energy source is
relatively new venture that is being explored. Even though it is a relativelyeotwnadlogy, it is

one the most promising sources of energy.

Environmental Research
The ocean has endless power potential in many different forms. There are wave power,

major ocean currents, tidal power, and ocean thermal energy conversion and all ofrevsidh a
such a new idea. There are so many aspects of the ocean that make creating a renewable energy
source such a difficult task. The location is another factor to be considered. The ability to do
maintenance and repairs on the unit also need to be ir@ikeconsideration when it comes to the
design details. A unit located near shore is much easier to work on then something much further
out.

Ocean water is not a very welcoming host when it comes to renewable energy sources.
The ocean it self consistd seawater which is a mixture of water containing a mixture of salinity
(about 35 ppt, parts per thousand). Salinity is mainly composed of sodium chloride but also
contains sulfate, magnesium, calcium, potassium, and quite a few other various chemicals.
Salinity is not fixed and is dependent on temperature and depth of the location of the sea water.
The introduction of water alone to certain materials changes the dynamics on how it behaves.
Sea water is an even harsher environment for most materialsinvid sea water there are
numerous micro organisms that create fouling issues. Fouling can occur in different velocities
and at different velocities different affitiuling techniques need to be taken into consideration.

Marine life itself creates envirorantal hazards that have to be carefully handled.

-10-



Figure 3 Consequences and corrosion of bifouling on a material in the ocean (1)

Many researches are concerned that having turbines in the ocean will affect ocean life. They are

concerned that having propellers in the water could destroy marine life and their delieate eco

systems. The constant movement of the ocean, such as waves, currents, and tidal areas all create

highly corrosive environments. All of these concerns all nedx timken into consideration

when it comes to the design and material selection of anything that will be placed into the ocean.
This project is designed to be placed in a current flow to rotate a turbine and produce

energy. The availability and numberaifrrent flow locations are endless. One of the most

powerful currents is the Gulf Stream. The Gulf Stream is an ideal location for an underwater

current turbine because it flows in one direction (versus tidal current) and it is constantly flowing

and staysn the same general area. Capturing 1/1"0ffGhe available energy from the Gulf

Stream could produce enough energy to supply Florida with almost 35% of its power needs.

Some of the presently operating tidal current systems run off of about 2 metsesqed

velocity of the water. The Gulf Stream on average has the flow of 2 meters per second. This can

be seen below.
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Figure 4 Varying velocity of the Gulf Stream at different depths (7)

The velocity of the GulStream can be translated into power with the following equation as long
as the characteristics of the Turbine are known, such as the Turbine Coefficient of Performance:
P=(G) ( 0.50)(4)(A)(V
Where:
P: power
Cp: Turbine Coefficient of Performance
} : ensity of the water (sea water is 1025 k§/m
A: sweep area of the turbine (ifm

V3 velocity of the flow cubed

Working Prototypes
The ocean possibilities to create are so great that working prototypes have already been

thought of and are currently ing constructed. There is currently one fully functioning turbine
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using ocean tidal current to produce consumable energy and there are a number of other
prototypes that have produced electrical power or are currently in construction to produce

electrical pwer.

Figure 5 SeaFlow in the maintenance position (4)

SeaFlow is a fulkize working prototype that uses Tidal Current Energy to produce
electrical powerThis workingprototype was designed to function in the water as wdleas
easily repaired and maintainetf.was constructed in 2003 and worked successfully for three
years in sea exposed conditions; it is mounted on a piling on the ocean floor. The system
produced on Average 300kW and was installed off Lynmouth in Devaayvélocity of the tidal
current is on average of about 2 meters per second. This system performed better than predicted

which can be seen in the graph below.
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Figure 6 Actual performance of Seaflow (2)

The success of this fuflize working prototype sparked an interest in other companies to
start researching the possibilities of using ocean currents as a way of producing energy. SeaGen,
also a created by Marine Current Turbine Ltd, is a fully functioning tidal current geniatos

located in Strandford Lough. SeaGen, just like SeaFlow, uses tidal currents to turn the

Figure 7 Computer generated picture showing the operation of Seagen (5
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turbines and is also mounted to pilings. However, SeaGes twin rotors and can easily
produce 1.2MW of power using clean renewable energy. They plan in the future to have a farm
of the SeaGenods called the Skerries | ocated o

first commercial use of this kind eéchnology using marine current to harvest electrical power.

—

< >
st uy—-—" \ :1 4 ;\,’ H '
< P

Figure 8 The Skerries Project (6)

Florida Atlantic University has plans of setting up smaller scale prototypes in the Gulf
Stream using twin rotor generators susmehfilom the ocean floor to produce electrical power.
The amount of energy that these can produce still needs to be determined through extensive

research and testing.

Figure9F AUG6s pending project orfietotbdpmacet iwihenGulf Sireamiust offithe coashdf Fott u r b i
Lauderdale (3)
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Very little data can be found on any of these concepts or prototypes. Other prototypes use
the idea of vertical axis turbines versus the horizontal axis turbines. Vertical dmmsesuare
another field of ocean renewable energy that is still in the early stages of exploration. Just like
horizontal axis turbines, vertical axis turbines have proven to be just as promising.

Most working prototypes are using tidal currents. The difiee between harvesting tidal
current and ocean current are significant and the design dynamics are completely different. The
testing of ocean current prototypes is very promising. As long as they can be designed and
constructed to withstand the harsh iemwment of the ocean and be easily maintained and
repaired they should have no problem producing enough consumable electrical power through a

clean and renewable energy resource.

Ethics
Ethics is the discipline dealing with what is good and bad andmatial duty and

obligation; sometimes referred to as the science of the ideal of human character. Ethics and
engineering are in reality very closely related. Engineers are forced to ask if what they are
designing can benefit society but can it also be asealweapon or can it harm anyone.
Engineers are obligated to design projects with the highest importance put on safety. Not only
the safety of people around the device or project what affects the project or device would have
on its surroundings.

This prgect is a renewable energy device. This project will reduce the consumption of
fossil fuels and create energy usimgean currentsThere are a few concerns with this project
and its effect on the surrounding environment. Environmentalists are concethebenaffects
that a project like this would have on sea life and the delicate ecosystems surrounding a massive

project such as this one. This is where ethics come into play. Engineers are sometimes forced to
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find a balance between good and bad. The gdallis project being obvious in its ability to
produce renewable energy but the bad being the affect this project could have on its surrounding

environment.

Political Considerations
The federal government has a major impact on the development of leegphnbhe

government gives funding to programs and also regulates safety and health of people which in

turn affects engineering. However, our political system allows people to express their wants and
wishes and it also allows a consensus on what publicerot s t o support. I n t
program output the beginning of many technological advances. With out the support of the
government the space program would not function. The introduction of new resources for
renewable energy could perk the ietsts of politicians and create a new venue for engineers in

their fields.

The United States still has a huge dependence on foreign sources of fossil fuels. There are
serious national security risks and other risks to consumers in the United States thetirred
by our dependence on foreign sources. Throughout the past couple decades many armed forces
have been sent over seas to protect foreign oil supplies. Reliance on foreign oil also makes the
United States vulnerable to fuel price hikes and jpesssihortages.

In the last political campaign for President both electives expressed their desires for
going Agreeno and the use of renewabl e energy
about the environment and tdepletion of the fossil fuelsvhich are all good reasons why
politicians should take note to the new technologies of renewable energy. This will have major
affects on any future elections and candidates need to take serious notice to what engineers can

offer in the renewable energields
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Benefits to society
The use of renewable energy has many benefits to society. The environmental, health,

political, economic, cost, and efficiency benefits are all great reasons why renewable energy is a
better answer to power consumption and can avoid the impact and niskagfossil fuels

while also conserving fossil fuels for the needs of future generations. Even though there are
many environmental concerns about the affects of renewable energy and its environments and
delicates ecosystems, the benefits of using renleveadergy still outweigh the negatives.

The burning of fossil fuels can dirty the air and create lots of air pollution and in turn
pollute our water systems and can hurt plants and wild life. It is proven that the burning of fossil
fuels either to prodweelectricity or to power transportation creates nitrogen oxides which
attribute to smog and the depletion of ozone. Energy production from the burning of fossil fuels
also has indirect impacts such as oil spills, coal mining, and damages to ecosyst¢msniGg
has huge impacts on the environment. Some mining practices level entire mountains. Also, there
are many toxic chemicals that come to the surface through coal mining and the coal dust created
from transportation creates a not so favorable enviestnAbove everything else burning of
coal creates ash. Drilling for oil or natural gas has huge affects on its surrounding environments,
whet her itdés in the ocean or on | and. Oil spi
often leaving coastlmand beach uninhabitable. The cost of environmental impacts has not been
studied or quantified yet, but definitely creates costs to society. Casualties from the environment

and the depletion of the fossil fuels all have values.
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Figure 9. Average Electricity Prices
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Figure 10Rise in electricity costs (18)

The process of burning fossil fuels is also inefficient. About two thirds of the heat created
from burning fossil fuels is let out into the atmosphere or to water. This heated water or air can
affect the surrounding environment and kill fish and their larvae.

The political affects of using fossil fuels versus renewable energy resources also have
huge implications in the United States. The United States dependence on foreign resources
makes the ubed stares vulnerable to price rises and possible supply cutoffs. The use of
renewable energy can be created on United States territory and create many new jobs for
Americans. Presidential elections show a great importance to the need of more efficient
renewabl e energy resources. A candidatedbds view
affect their chance on getting elected.

The economic advantages of using renewable energy can create many new jobs for
Americans. The use of renewable energy caronotl y put more money i n Ame
stimulate the economy by creating a large amount of jobs either directly or indirectly. A USC

analysis discovered that over a 30 year period for an 800-Wetfaproducing energy device
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could create over 200,0000re jobs than a fossil fuel burning energy plant. Renewable

industries create jobs using local resources whether it is wind, solar, or water/ocean power.

TABLE 1
Employment in the Renewable Electricity
Industry
Direct Indirect Total
Employ- Employ- Employ-
ment ment ment
Wind (1992) 1,260 4,350 5,610
Biomass (1992} 66,000
Photovaltaics (1994) 15,000
Salar Thermal (1994) 250 250 SO0
Geothermal {1996) 10,000 20,000 30,000
Total 116,860

Figure 11 Amount of jobs created directly and indirectly from renewableenergy (18)

Renewable energy can also create economic stimulation by creating an export for energy.
The development of renewable energy can help third world countries that do not the resources to
obtain fossil fuels but in turn can use what they alrdalye. This can lead the rural cities and
farms to have access to the luxury of electricity. This creates economic stimulations in other
countries.

Renewable has many impacts on society and can be seen in many different aspects. This
list can possibly grovarger with any unforeseen benefits that could come from renewable

energy resources.

Engineering Standards
For this project we established a set of rules of quality with our focus being on the

propeller and its performance. For this project we restrioyeour budget and time. Given these
restrictions we forced to prioritize our project and decide which aspects would be the focus. The

budget was biggest restriction and if given a more substantial budget our standards of quality
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would have been much greatWe had to adapt our project and alter some of the design
gualities to meet our budget restrictions. Even though we had a budget restraint we still through
out the whole design process took into consideration that the project did have to function and
produce outputs.

Throughout the entire design and construction process we held high standards for our
engineering abilities and on the quality of the project. We wanted a fully functioning renewable
energy device by the end of the time frame for this ptoj#e wanted at least two propellers to
test and ended up having three. Our design focuses for this project was put on the propeller
design and construction and the electrical system. Even though our focus was put on these given
a greater budget our qualitould have improved. We feel as engineers there is always room for

improvement and given further time and a greater budget our project can be improved.

Generator and Electrical Setup

Overview
In designing our underwater horizontal axis hydro turbirectioice of the correct

generator for optimal power output is critical. There are many choices for a permanent magnet
generator that we have considered. We could have chosen a small electric motor to produce
power but the power output would have beenimét. For cost and testing performance reasons
we decided to buy a low RPM permanent magnet alternator from WindBlue Power a company
out of Kansas. Since the company specifically designed these alternators for capturing wind and
hydro energy this wouldebmore than sufficient for our project. The layout of the electrical

system as well as the preliminary design of the waterproof housing will be covered in the

following section.
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Design Requirements
We had specific design requirements to consider wheasthg our generator. Space

inside our fiberglass hull was limited so the size of the generator was an issue. A compact,
lighter generator would be able to easily fit inside a pressure vessel inside of the hull without
space being an issue. A lighteriglg generator would also cut down on the overall weight of
the turbine.

In most hydro and wind turbines the use of a gearbox to increase RPM is implemented.
However gear boxes need constant maintenance and can fail. The more the gearbox fails means
more time the turbine is not producing electricity which is money lost. nidietenance and
repair fees for the gearboxes are also pricy. An underwater gearbox will fail even sooner
because of bio fouling. A composite gearbox may help time of life but will still fail and need to
be replaced. In choosing our generator we wehtdecut out the gearbox from our design. This
would allow us to cut down on overall weight, cost, space in hull and also eliminates one more
piece from breaking in our turbine. The simpler the design can be the more efficiently it will
operate. The nre parts the turbine has means the more parts that can break and stop the turbine

from generating electricity.

Low Speed Direct Drive Permanent Magnet Generator
In order for us to not need a gearbox and still receive the acceptable rpm to the generator,

we needed to find a generator that would meet our requirements. A new technology for
generators designed for no gearbox has been developed over the last couple years. These
generators implement new technologies that generate voltages and currensauaiethalue of
generators that are geared up with the use of a gearbox.

A low speed direct drive permanent magnet generator uses new magnets that increase

electrical output. The Neodymium (Nek-B) rare earth magnets have replaced the old
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inefficient magnets. The stators are specially wound for low RPM electrical output. A key
factor in low speed generation is the starting torque. Since we are dealing with a slow moving
fluid we want the generator to start spinning at the instant of particle moveastrihe blades.

This is disregarding the friction in shafts and the weight of turbine blade.

Crateq-palod diruim Md-Fe-B magnes

AT pap

Figure 12 Layout of direct-drive permanent magnet generator (8)

The starting torque of a generator includes the cogging torquéamnortjue necessary to
overcome the bearing friction. Cogging torque is caused from the interaction of the magnets and
the stator teeth. The cogging torque will decrease the efficiency of the generator. Cogging
torque is unwanted especially at low spedde to the stator will jerk and not spin smoothly
affect the efficiency and power output. Cogging torque can be reduced by air gap length, stator
material, skewing stator windings and magnets and the magnet pole arc ratio. Cogging torque is

also affecéd by operating temperature.
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Figure 13 Cogging torque vs pole arc ratio (8)
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Once the generator stator is spinning and producing electricity you must look at the
running torque. This is thebgging torque and the back electutdive force (EMF) The back
EMF is a magnetic flux field produced from the spinning stator that interferes with the voltage
the generator produces. The back EMF lowers the efficiency of the generator and thus
unwanted. The way to eliminate back EMFhe same as reducing cogging torque.

The factors above will improve efficiency of the generator at low speed. The new
technologies in the low speed direct drive permanent magnet generators will help overall

increase the effiency of wind and hydro tuntes.
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Figure 14 Rotor position against back EMF (8)

DG540 Low Wind Permanent Magnet Alternator by WindBlue Power LLC
This permanent magnet alternator (PMi#gs chosen for its specs that will work well in

our turbine. The design is brushless and uses Neodymium magnets with a specially wound stator
for low speed generation. There is zero cogging which is especially useful for low speed
generation. The alteator is small and light which will help in keeping weight done with

minimal space used. The cost for the PMA was $249.00.
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Figure 15DC-540 PMA front view (10)

Figure 14Specs of the DE&G40PMA (10)







































































































































