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Pelton Turbine
Fall 2007
Problem Statement

The Englewood City Children’s Museum in Colorado has purchased a small Pelton turbine for its new display on renewable energy.  The museum will divert water from South Platte River to a nearby elevated storage pond; a pipe system connects the pond to the turbine in the museum display.  For educational purposes, the museum wishes to operate the turbine and sell the power on the open market.  You have been hired as a consultant to the museum.

Because when the museum sells power to the market it only guarantees the frequency of the electrical power, and not the exact voltage or current; the frequency (60 Hz at the generator) is the constant of the experimental scenario.  Although the voltage will remain relatively constant, approximately 240V AC (the same as residential power), the exact value will change somewhat with the load in the consumer grid.  This variation is normal and is due to power lost in the wires, transformers, and distribution equipment, which changes with the amount of electrical load.  The 10 light bulbs on the ceiling simulate the electrical load, or the consumers in our scenario with all of their various electrical devices, lighting, heating, and air conditioning, along with commercial and industrial power needs.

Project Objectives
1. Illustrate first the operation of a hydropower plant under various loads in the power grid and measure the relevant variables needed to quantify the hydrodynamic input and electrical output. 

2. Using the measurements for various loads in the system, determine the hydraulic, electric and total efficiency in the energy conversion. 

3. Determine the energy (kWh) that can be generated from the laboratory-scale Pelton turbine, and the revenue it can generate ($/year) for the museum.
4. Given that for any input hydraulic energy the turbine has to provide constant current frequency (60 Hz), the turbine might operate in less than optimum conditions. Find the maximum efficiency of the turbine for specified hydraulic input.

Site Information

The pipe system to be used for the Pelton turbine is shown schematically below:
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Figure 13.2.4 Definition sketch for impulse-turbine installation (from

Linsley et al. (1992)).




Based on a preliminary analysis of the pipe system, the effective head available for the turbine is ~51.5 psi (Havailable).  Variations in the forebay water level will occur due to changes in pond storage; however, such variations are assumed to be minor.

Operational Information

The Englewood City Children’s Museum is open 7 days a week and intends to operate the turbine from 9 am to 4 pm each day.

The museum has secured water rights to divert flows from the South Platte River at Englewood (USGS stream-gage 06711565).  The allotted diversion is related to the average monthly flow rate in the river.  The diversion allowed is: 

	South Platte Avg. Monthly

Flow Conditions
	Allotted 

Diversion (Q)

	Less than 200 cfs
	0.11 cfs

	Greater than 200 cfs
	0.35 cfs


Monthly statistics for USGS stream-gages are available from the class web site (icon.uiowa.edu). The unit price of the electricity (cents/kWh) in Colorado can be obtained from Energy Information Administration’s webpage (http://www.eia.doe.gov/).

Turbine Equipment

The Pelton turbine has been delivered to the IIHR laboratory facilities for testing.  Your project team will run tests to determine the energy conversion efficiency (hydraulic and/or electrical and total) of the Pelton turbine for the proposed operating conditions (Havailable, Q) under different loads (constant rotational speed) or for different rotational speeds.
Details of the experimental methods to be used to test the turbine are available at:

http://css.engineering.uiowa.edu/~cfd/physexp/handouts.html
Project Report

Your project team must submit a draft and final project report to the museum’s Board of Directors.  The report should be concise and focused on answering the project objectives.  Minimum required components are:

1. Calculate the hydraulic, electric and total efficiency for the four loads in the system under recommended operating conditions.
2. The optimum turbine operating condition (e.g., rotational speed) for the two flow diversion rates (based on the hydraulic efficiency curve only).
3. The energy generation (kWh/yr) for the recommended operating condition
4. The revenue generated through sales of the energy ($/yr) for the recommended condition.
The report should also contain technical information necessary to support your recommendations and conclusion; however, this information needs to be written at a level appropriate to the audience (i.e., the Board of Directors).
Consultation with College of Engineering Hanson Center for Technical Communication (CTC) is mandatory for this project. You should attach a copy of the Contact Report you obtain from CTC (which indicates the date you were seen and the help you received) to your project report. 
