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ABSTRACT

A hydroelectric generator prototype was made to convert water pressure into an
alternating current.  A complete seal was constructed to protect the rotor from water.
Five trials were run to determine energy generated at seven different water pressures.
At peak performance of 138 kPa, 8.6 watts was generated.

INTRODUCTION
For decades humans have been trying to create renewable energy. It might be the only
solution that one day can save our planet from being engulfed by global warming. Solar
panels, wind turbines and nuclear power plants are all steps toward a cleaner world.
Our world needs to move closer to a zero emissions society, and each development of
clean energy is an opportunity to save our planet

At first I was thinking about how pressure regulators function. A strong adjustable
spring-loaded bolt runs through the tightly compact system, hitting a metal plunger.
Normal water pressure for a home pipe system is between 210 and 550 kPa. Water that
is not pressurized enough does not adequately run to household fixtures.  It is against
code to have it above 550 kPa, and one runs the risk of breaking pipes and flooding the
home (Nationwide Insurance). The valves reduce residential water pressure from ~1240
kPa ~ to around 480 kPa. There seems to be a chance to generate clean energy. This
system is loaded with potential energy. An efficient way to capture this clean energy is
to replace the metal plunger with a generator and water turbines.



PROJECT DEVELOPMENT

My original prototype used a rotating shaft seal instead of a magnetic coupling, I veered
from this because of the high cost of a shaft seal and the inconvenience.  The thought
was that as the pressurized water passed over the turbine, it would rotate the generator
and produce an electric current. This plan failed for a few reasons. After some
investigation, it was discovered that a rotating seal would be required, with a spinning
rod passing through the pipe.  This system would need to be water-tight.  Unfortunately,
most rotating seals (like those found on a motor boat or a submarine) are quite
expensive, ranging from above a thousand to millions of dollars. This design was not
feasible for the situation.

Original design of hydroelectric generator.

After more research, the final design was created, using magnetic coupling. The most
important advantage of a magnetic coupling is that it allows the transmission of torque
through a barrier without the use of rotating seals, along with the associated problems
of leakage, potential contamination and continual maintenance (“Useful Information…”
2023). It was most efficient to have the magnets on one side of the plastic seal and the
rotor on the other.  This essentially created a generator with the rotor wrapped in a
plastic, water-tight cylinder.

Second design using magnetic coupling.



The new design would have the main section of the pipe flipped 90 degrees and the
diameter increased by about a factor of 15. If the design circumference includes the
propeller blades, it would allow for a greater torque as water pressure comes in contact
with the propeller blades.

In order for the prototype not to leak, everything needed to be completely sealed.  This
is where the magnetic coupling was useful. It allowed the cup-like figure (which is the
base for the blades) to sit on the water-exposed side of the plastic while the rotor was
on the other side. On the inner side of the cup-like figure, there is a row of 30 magnets
which, when spun, provide a rotating magnetic field which passes through the plastic
water seal, reacting with the rotor.  They act like a generator, producing a rotating
magnetic field, which is converted into an alternating current (AC).

Upon the inability to find the perfect cup like container, it was determined that an easier
solution would be to 3D design and print the cup like figure, with blades attached.
Tinkercad (Autodesk 2023) software was used to design the part. It was printed at
Maker Space at Pima Community College, East Campus. The print took nearly five
days and 840 grams of PLA plastic to print.

Final prototype design, flipped 90 degrees.

Once the prototype was assembled, and a few tests conducted, it was determined that
the amperage was too low. Other generators were analyzed, and it was noticed that a
0.6 cm thick, 80 mm wide steel ring was often behind the magnets. Assuming that this
technique increases the magnetic field, a steel ring was removed from the motor of the
hoverboard and forged, increasing the ring circumference by 7.6 cm. After inserting the
steel into the interior of the 3D printed turbine, the amperage was increased by about
1.5 A and voltage was increased by about 0.3 V.



Improvements were made by turning the turbine with water, and adding a steel ring.



MATERIALS

PROJECT DESIGN

The base of the prototype is a box-like structure made of 1.9 cm thick wood, measuring
43x18x30 cm. A 22 cm hole was cut at the top of the wood base, allowing the bottom of
a plastic bucket to fit into the hole. That bucket has a smaller hole in the middle, with a
10 cm diameter. A 10 cm metal can fits in the bottom of the bucket, supplying strength
to the plastic cylinder that creates the water-tight seal protecting the rotor from water.
The plastic cylinder is then capped off with a 10 cm pipe gripper.  A 35 mm OD (15 mm
ID) ball bearing is then fastened onto the bolt that extends from the pipe gripper.
Then the 3D printed turbine (which stands at 15 cm and has a circumference of 21 cm)
is placed onto the ball bearing, levitating the turbine 3 cm off the base. After which, a
clear acrylic tube (22 cm OD, 21.4 cm ID and stands at 15.2 cm) is placed and sealed
with silicone onto the wood.



After a wood circle is cut at 24 cm OD and 3.6 cm ID, and fastened to the clear acrylic
tube with a rubber strip and 2 duct clamps. Then inside of the 3.6 cm hole another
ballearing is wedged in and supplies stabilization to the turbine when it is rotating.
The ground wire is attached to a piece of sheet metal (for a ground connection) the two
hot wires are then attached to a multimeter to record amperage and voltage readings.
A removable hand crank is also added in case priming is needed. Everything is then
glued with silicone to ensure a strong and watertight seal.

When the prototype is running water passes through the intake and is pushed through a
spray nozzle. Then it hits the turbine preparing it forward which generates the electrical
current. After Which the water drains out the bottom into the outlet pipe



RESULTS

Five trials were run to determine energy generated at seven different water
pressures. At peak performance of 138 kPa, 8.6 watts was generated.

kPa Amps Volts kPa Amps Volts

103.4 2.4 2.3 206.8 1.1 1.3

103.4 3.2 2.4 206.8 1.2 0.8

103.4 2.1 3.3 206.8 0.8 0.9

103.4 3.4 3.4 241.3 0.8 1.2

103.4 2.4 3.0 241.3 0.9 1.2

137.9 2.6 3.3 241.3 1.1 1.1

137.9 2.8 2.9 241.3 1.1 1.1

137.9 3.4 2.7 241.3 1.1 1.0

137.9 2.8 2.9 275.8 1.1 1.2

137.9 3.6 2.3 275.8 1.0 1.2

172.4 1.9 1.7 275.8 1.2 1.0

172.4 2.0 1.9 275.8 1.0 1.0

172.4 1.6 2.1 275.8 1.2 1.0

172.4 1.7 2.0 310.3 1.3 1.2

172.4 1.7 1.9 310.3 1.1 0.9

206.8 1.0 1.5 310.3 1.0 0.8

206.8 1.2 1.1 310.3 1.0 0.9

310.3 1.0 0.9



There was not enough water pressure for the turbine to spin at 68.9 kPa, even when primed.  Total energy peaked at 137.9 kPa.

DISCUSSION

My initial goal was to generate electricity with water pressure. I succeeded in generating
8.6 W (using 138 kPa water pressure). Three amps (generated with 138 kPa pressure)
is not a disappointment. For context, the average smartphone charges with about 1 amp
and a 165 cm tv only uses around 1.5 amps. Conversely, the voltage (2.8 V) is
insufficient to power such high demands. One of my goals was to power an LED light
bulb, which requires DC. However, in order to convert AC into a DC, I would need a
rectifier, which is out of my budget.

I was surprised that the energy generated peaked with 138 kPa water pressure.  I
thought that higher water pressure would spin the turbine faster.  However, I believe that
it was harder for the water to leave the system when the pressure was too high, making
it harder for the turbine to turn.  There appears to be a balance between hitting the
turbine with pressure, and allowing the water to drain.  Maybe a larger discharge hole
would be helpful.



CONCLUSIONS

In conclusion this project was a huge success. I succeeded in what I hoped to
accomplish. I managed to create a prototype that generated amps and volts. The
hydroelectric generator is able to withstand levels over 480 kPa and is non-leaking.
Once perfected, if mass-produced, this generator could create an incredible amount of
energy across the world. Additionally, it can  inspire more people to take small steps
toward a zero emissions society.

FUTURE WORK

I would like to create a reliable design with a thinner water barrier (to ensure a higher
voltage and amperage). A rectifier could be added to convert AC to a more useful DC
current.  This would be useful for powering a phone or LED light.
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