4 Inch Hydraulic Turbine Runner Assembly
Team Member Names: Chanah Bremar, Emily Davis, Mary Kathryn Savage
Technical Advisors: Dr. Loren Sumner and Dr. Stephen Hill
Results:
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Figure 1: 2D Model of Runner Assembly Set-up.

To achieve these goals, we built a new layered two blade turbine runner,
installed a clear PVC siphon window and a flow meter into the system,
and created a new shaft connection in the system. We designed the new
turbine runner to produce a minimum of 900 rpm and to generate at least
150W of mechanical power. Three tests were performed to assess
the updated turbine system: a flow rate test, a mechanical power test,
and an electrical power test.

Project Designs
The final designs of the deliverables are as follows:
• The design for the turbine runner was the layered, 2blade runner, with leading edge blade angles of 69° and trailing edge
blade angles of 79°. This design was expected to mitigate throttling
because of the increased flow area and higher angle of deflection.
The design allowed for the blades of the primary runner to be aligned
with the secondary runner three different ways: tip-to-tip, tip-to-middle,
and tip-to-tail.
• The design for the window in the siphon assembly consisted of
A
replacing a one-foot section of the existing PVC pipe
with an equal
section of clear PVC pipe. Hub-to-hub couplings were used to
connect the clear PVC section into the siphon system using PVC
primer and PVC cement.
• The design for the shaft connection consisted of installing coupling
hubs to the turbine and alternator shafts and using a
rubber spider between the two to support meshing and decrease
vibration.
• The final design for the flow meter consisted of removing the existing
pitot tube attachment from the siphon system. The existing hose end
fitting on the outer pipe was then connected to the pressure
meter using flexible vinyl tubing. The pressure meter measured the
pressure difference between atmospheric pressure and the pressure
in the siphon system.
The final designs can be seen in Figure 2.

Abstract
The purpose of this project was to update Dr. Loren Sumner's existing hydro
turbine and siphon assembly to increase turbine assembly efficiency,
improve in-field maintenance operations, and improve in-field measuring
capabilities of the assembly. To do this, we created a new turbine runner,
redesigned the runner shaft to alternator shaft connection, installed a
siphon window, and created a new flow meter. To assess the system, we
performed a flow rate test, mechanical power test, and electrical power test
with the updated turbine and system. The output goal for our system was
150 W and 900 rpm. Our angular speed exceeded 900 rpm, our flow rate
varied from 2 gal/s to 10 gal/s, our maximum mechanical power output was
70.22 W, and our maximum electrical power output was 40 W.

Manufacturing Methods:
The turbine was cast in brass using a method similar to lost wax casting. Each runner was
modeled in SolidWorks and 3D printed in PMMA. The prints were captured in Plaster of
Paris, dried in a low temperature oven, and heated in a high temperature oven for the
PMMA to melt out. The brass was heated in an electric crucible, then poured into the
cavities left by the PMMA to form the two runners. The casts were then smoothed in the
machine shop and made to fit the shaft. For the window in the siphon assembly, a 1-ft
portion of the horizontal section was removed and replaced with an equal section of clear
PVC pipe. Hub-to-hub couplings were used to connect the clear PVC and the section was
sealed into place with PVC cement. The flow meter was created using a valve already in the
piping system that had a vertical intake, providing stagnation pressure of the flow. The valve
was connected by vinyl tubing to a pressure meter that gave a digital reading of the
pressure. The ability to easily read pressure measurements allowed us to capture flow rate
data for each test by finding an experimental correlation between flow rate and stagnation
pressure. This accomplished the goal of improving testing capabilities. The shaft connection
was changed to improve the usability of the system; detaching and attaching the shaft
connection was necessary for testing the mechanical power with the Prony brake. This was
accomplished by installing jaw-type couplings to the turbine and alternator shafts that
meshed with a rubber spider. The connection required fewer tools and less time to remove
and reconnect the alternator, improving in field maintenance.
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In communities without consistent access to electrical power, run-of-river
hydro turbine systems provide affordable and simple access to electricity
with minimal impact to the environment. Our client, Dr. Loren Sumner,
had previously constructed a hydro turbine and he was looking to
increase the efficiency and usability of the turbine system. Our goals
for this project were to increase turbine assembly efficiency, improve infield maintenance operations, and improve in-field measuring capabilities
of the assembly.

From the flow rate testing, a correlation between the flow rate and the pressure
was established; the correlation determined the flow rate for other data where only
the pressure was recorded. The flow rate ranged from 2 gal/s to 10 gal/s, varying with
the adjustment of the valve on the siphon system.
The mechanical power testing presented the power produced by the shaft. The
stall torque and the maximum rotational speed suggested a maximum mechanical
power output of 92 W. However, when the power was calculated from torque and
angular speed, the largest measured power was 70.22 W. The mechanical power is
illustrated in the upper graph of Figure 3.
The electrical power testing focused of the behavior of the alternator. The
most significant finding from the testing was that power output is largely influenced by
the load on the alternator. The projected behavior of the alternator suggests that
the maximum electrical power would have been produced around a load of 12 ohms.
We were not able to collect data in this region due to limitations of our equipment.
In the field, the maximum electrical power produced was 40 W, as shown in the lower
image of Figure 3, while the maximum mechanical power calculated was 92 W. Thus,
the turbine did not meet the 150W mechanical power output goal.
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Figure 3. Measured and predicted mechanical power (top) and measured electrical power
vs load (bottom).

Summary:
• The flow meter, shaft connection, and siphon window improved the in-field
maintenance and testing capabilities.
• The newly designed turbine accomplished its design goal of not throttling the flow,
however in testing we did not capture more power as expected.
• With further testing, collecting data in the ideal performance range of the system
could increase the mechanical and electrical power output observed.

Future Improvements:
• Invest in a standard sized shaft, a new Prony brake, and a new spring gauge
• Print vents into the PMMA print used for making the molds
• Raise the temperature of the oven at a slower rate to reduce the potential for crack
growth in the molds
• Experiment with creating a Francis turbine rather than the Kaplan turbine.
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Figure 2: From top left: Final layered, two-bladed turbine runner, intake valve for flow meter, final
siphon window, and final turbine shaft to alternator shaft connection.

