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Abstract:


Our project's goal was to increase the efficiency of micro-hydroelectric impulse turbines. Most smaller turbines that currently exist are not very effective at translating the gravitational potential energy of water into rotational motion which can be used to generate electricity. We hoped to increase the efficiency of these apparatus by determining the most efficient turbine design. Our design process was based on the already highly efficient Pelton Wheel, which uses curved fins protruding from a central hub to catch a high-pressure stream of water. This design is desirable over propeller-based turbines used in large hydroelectric plants because turbines that utilize propellers as their rotating mechanism require a large flow rate and high water pressure to function effectively, whereas a lightweight Pelton Wheel can function with less water and at lower water pressures. The efficiencies of these turbines were determined by measuring the amount of potential energy they were able to convert to rotational motion. This data was then compared to the same efficiencies of the other turbines to find the most efficient. 


One of our independent variables we experimented with was the design of the turbine; we tested three different designs, each based upon the Pelton Wheel. The variation between the designs was the number of fins that were installed in the central hub. Our other independent variable was the rate of water flow introduced into the micro-hydroelectric system. This allowed us to measure the performance output of the turbine at different flow rates, this was necessary because of the fluctuations in water level common in smaller moving bodies of water. Each of the three turbines were tested with three different water flow rates, each water flow rate was tested for four trials on each of the turbines. When the data was averaged and a curve was fitted to the points, the ideal number of blades for four-inch-diameter turbines was shown to be slightly above six. In order to extrapolate this finding to turbines with different sized hubs, the ideal arc length between each blade was analyzed and found to be about 2.25 inches. This data is accurate for any vertical impulse turbine with arc-shaped blades about three inches in linear height.   

Introduction:


The purpose of this study was to increase the efficiency of turbines for micro-hydroelectric energy generating plants. The three turbines tested were derived from the basic impulse turbine, also called a Pelton Wheel, all of which were perfectly identical except for the number of blades attached to the hub. Each turbine was tested for performance in a strictly controlled environment, the water flowed at three different  pre-chosen rates through a pipe fixed at a 45o angle into the turbine blades, which rotated about a fixed axis. Four trials were taken at each flow rate for each turbine design, and the averages were compiled into power curves which represented the three designs’ performance over a wide range of simulated stream flow rates. The purpose of compiling these power curves was to make it possible to visually observe the efficiency of the different turbines. The data collected indicates the optimal blade number for micro-hydroelectric power turbines, which could have many applications for landowners seeking to tap a cheap, pollution free supply of energy. Energy generated from smaller hydroelectric apparatus can be easily integrated into any facility’s existing electrical grid, and are an environmentally safe and effective way to lower electrical bills. 

Most full-sized hydroelectric power plants are able to convert the kinetic energy of water into electricity with an efficiency of at least 90 percent (“Reclamation…”, 2005). These large hydroelectric plants use reactor turbines, which are similar in operation to the propeller on an older airplane; they require a force exerted on the blades parallel to the turbine’s axis to operate. For smaller bodies of water, however, maintaining a high water flow rate and high water pressure year-round is near impossible. A reactor turbine can be used in any size of pipe, but the difficulty involved in purchasing or manufacturing a small version of such a complicated device, and maintaining the necessary stream properties, makes its use in small-scale applications highly impractical. The logical conclusion is to instead focus on the simpler to manufacture and maintain impulse turbine. 


Most impulse turbines are based off of the centuries old design of the Pelton Wheel. Each blade resembles two halves of a hollow cylinder fastened together by the long edges, the water jet is directed at this junction to utilize both blades. This design channels the water into each half cylinder, expending the majority of the water’s forward momentum on the blade (Calvert, 6-7). In order to accurately represent a realistic micro-hydroelectric power plant for this study, we chose to manufacture the Pelton Wheel blades out of PVC pipe rather than metal. Nor only is this an accurate representation of what a micro-hydroelectric turbine would be built out of, but PVC is also much lighter and more flexible that metal. The data taken from this simplified model was both directly and indirectly practical. The turbine velocity data could be used directly to estimate the velocities of a similar turbine with a given water flow rate, while the results of a comparison of the three blade configurations could be extrapolated to predict the most efficient number of blades for many different sizes of smaller turbines. 


This data we collected has the potential to be extremely useful as a reference for building small hydroelectric turbines. Very little practical exists concerning the actual construction and efficiencies of small turbines, especially those under twenty-four inches in diameter. With the data obtained from our experiments, the general public will be informed of how a very simple, general hydroelectric turbine should be built, and of the approximate energy output that can be expected from these devices. Providing approximate electrical output or overall efficiency would be difficult and impractical, considering as it is dependent upon the turbine’s drive system and generator. Summarily, this information is an important contribution to the scientific community, because it presents accurate data and techniques that have great potential as a springboard for future studies into this relatively unexplored area of hydroelectric power. 


Of the three turbines, with four, six, and eight blades, respectively,  we predicted that the eight-bladed turbine would have the best performance over all three water flow rates. The four-bladed turbine seems like it would stall in between blades at lower speeds, and the six-bladed turbine would probably work reasonably well. We believed that the eight bladed turbine would provide the maximum rotational output because of the greater PVC surface area the water is able to impact. We also believed that a general trend would become apparent from the tendency of fewer blades to stall and of more blades to add unnecessary weight, in other words the four-bladed turbine will most likely fare worst with lower water flow rates, while the eight-bladed turbine’s high flow rate probably wouldn't be much more than those for the six bladed turbine. 

Results:

Fig. 1: Raw Data, Rotations per 30 Seconds

[image: image1.emf]Number of Blades Water Flow Trial I Trial II Trial III Trial IV Average

4 Blades Full 74 72 74 65 71.25

Medium 53 52 44 43 48

Low 34 43 32 37 36.5

6 Blades Full 78 90 83 82 83.25

Medium 72 60 54 70 64

Low 35 41 33 29 34.5

8 Blades Full 80 86 89 84 84.75

Medium 59 62 54 58 58.25

Low 19 22 30 24 23.75



Figure 1 shows the all of the raw data collected during our experiment. Upon initial review of the average number of rotations, the rate of revolutions improved steadily with the maximum water flow, rose sharply and then dropped for the medium water flow rate; from there it steadily decreased until it reached the lowest rate as the number of turbine blades increased. As a general trend, turbines with larger numbers of blades perform better in high water flow rates, while those with lower blade counts do better under low water flow rates. 

Fig. 2: Compiled Data: Turbine Rotation
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Four-Bladed Turbine Performance (RPMs) 142.5 96 73 3.14

Six-Bladed Turbine Performance (RPMs) 166.5 128 69 2.09

Eight-Bladed Turbine Performance (RPMs) 169.5 116.5 47.5 1.57
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Fig. 3 Compiled Data: Average Turbine Velocities vs. Water Flow Rate

[image: image3.emf]Average Angular Velocities of Turbines Through Varying Water Flow Rates
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The compiled data displays actual, measured water flow rates for each turbine tested, and experimentally calculated angular velocities. The general correlations from figure 1 still stand for figure 2, but a visual guide is useful for the identification of more specific trends. Referring to figure 3, we can see that the four-bladed turbine is the most effective at translating energy at the lowest rate of water flow, but is much less effective than both the six-bladed and eight-bladed turbines at any flow rate above .01 ft3/sec. The two remaining designs have similar enough performances throughout the rest of the range of water flows that we are able to see that the turbine with eight blades was worse at translating energy at lower flow rates than the turbine with six blades, and negligibly better at the maximum flow rate. The x-values in figure 4 are the distances between the fins for each design, and the change in the distances between four blades and six blades is not equal to that between six blades and eight blades. This data is therefore more accurate than a simple blade count, as the number of blades only applies to our specific hub diameter, while the distance between the blades can be applied to any turbine.

Fig. 4 Compiled Data: Overall Average Velocities vs. Distance Between Turbine Blades

[image: image4.emf]Average Angular Velocities of Turbines with Blades Spaced at Different Intervals
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The data presented by figure 4 is in the form of three points, and each point represents an average of the average velocities for each water flow rate. When a polynomial curve is fit to the points, the point at which the curve is highest represents the distance between each blade that would theoretically generate the highest average velocity. Theoretically, a turbine with blades spaced apart slightly more than our six-bladed turbine’s are (about 2.25 inches apart), will generate the greatest number of revolutions per minute.

Discussion:


The primary way in which this study could be improved upon is by using a wider variety of water flow rates. The data is accurate for these flow rates, and most likely valid for rates close to these, but it is possible that the results may be very different once the flow rates are changed more drastically. This is an easily correctable problem, simply choosing water flow rates that are further away from each other than the ones we chose would accomplish this. On that same note, the rates chosen for this experiment may or may not be close to those that would actually be used in small hydroelectric plants. The rates were limited in that they were supplied by a very restricted source, and could only go so high before the maximum flow rate was reached. This restriction could be avoided in the future by building a large water jug that could be filled from the top and would release water via a small pipe through the bottom, supplying a flow rate based on the volume of the water and the size of the release pipe.


Increasing the number of different turbine designs might also be a good idea. Our study only tested for the perfect number of blades on the turbine; future experiments could also take into account variables such as hub diameter, blade curve radius, and blade length. Our study took into account just two important variables, but experimenting with more than one design variable at once could create more data and an a more detailed conclusion. In theory, if enough variables were tested, a mathematical formula could be developed to determine the dimensions of the ideal impulse turbine, and equation which would incorporate the stream flow for widespread applications.

To summarize, this experiment could be improved and taken further by increasing the number of variables tested, and by broadening the range of water flow rates. This study yielded some of the data needed to design a turbine that is truly optimized for a small-scale environment, but more testing is required in order to perfect the micro-hydroelectric turbine. 
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