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1. Introduction

1.1 Problem Statement

The aim of this project is to developpartableplatform on which to test variousicro-
hydro turbinesin order to determine the overall performanceaoparticular hydre
turbine. The testing platform would be able to test hydrbines which can generate
anywhere froml kWh (1,000 wathours) to10 kWh per daythis mechanical power
generated by the turbine test®duld thenbe converted to electricalnergy and stored in

a battery bank for future use.

Large scale hydropower systems function by backing up a tliveugh the use ch

dam, which in turn creates a slow moving, deep body of water. This mass of water
creates a large force when releaselegiait certain times or at a constant rate throughout
the seasons of the year, generating large amounts of electricity to supply various regions.
Although this creates large amounts of clean energy it can be disastrous to surrounding
environments by barrqnspecies from their yearly migratory routes, altering the natural
river flow and intensity disruging river water temperatures as well @smposition,

thereby hampering local lifestyles, landscape and native species.

Because of this many environmentabgps advocate smadcale hydropower systems,

such as minhydro and micrehydro systemsthe formerwhich can potentially produce
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up tol megawatt and 100 kilowattsspectively.The latterMicro-hydro turbine range

in units which can producanywherefrom 1 kWhto 30 kWh per day However one

cannot simply install a hydro turbine anywhere they see fit, careful consideration must be
taken to the surrounding landscape when designing a system, as flow characteristics can

be greatly affected by the terraiBy developing a test riggnd simulating various
conditions one can analyze a desired hytiraar bi nedés efficiency and
conditions for its use before implementatidrhis would not only help to achieve a

higher performance and overalfiefency of a turbine, but it could also help to improve

and optimize the manufacturing quality.

1.2 Motivation

In recent yearsreergyand the cost associated withlias become a major concern not
only for the United Statebut also for all other counés By cost, we are not only
making reference to the rising financial burdens that the high demand for energy has
brought upon usbut also the cost that we are beginning to pay associated with the
environmental changes and how those changes are ajftdotirvay we live and the way

we think.
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As future engineering graduates, we are concerned about the impact that machines we
build, processes we design, and materials we use are the main contributors to the

degrading environment we are seeing.

Clean andenewable energy has become the main focus of many designs Eoéagy

which is renewable is referred te asource of power which cannot be used up, in other
words energy that is limi#ss. For example, hydro turbines technologies use but do not
deplee water sources, fossil fuels on the other hand take hundreds of years to form, while
being consumed much more quickly than they can be replbiegate can be termed as

an example o& norrenewable resource.

Fossil fuels also emit dangerous byproducts pollutants such as carbon dioxide, nitro
oxides, sulphur dioxidés Renewable forms of energy generally halitle to no
emissionsAs humans depend more and more on energy usage for daily requirements this
factor becomes more significant, by switchtogalternate energy sources this can help
reduce smog pollutants, global climate changes and acid rain significantly. However,
although renewable forms of energy are clean they may still affect the environment

negatively, an example of which is large scal@ro power plantswhich can be

devastating towards the surrounding habitat
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environmental impact coupled with its potential for being renewed must be considered

together with its overall cost and local resources.

Looking back in history, as far as theginning of thandustrial revolution, the interest

of engineers was to invent machines capable of making our lives easier and more
productive by accelerating processes, advancing transportation and communications and
discovering new ideas to promote the knowledge of science for future generations like us.
Today, we need to make ourselves responsible and take the necessary actions in order to
bring the balance back to this industrialized world. We have the knowlédgmais and

the skills to make the necessary adjustments in our designs, the ethical values to make the

right decisions and the intelligence to real

1.3 Literature Survey

The following are studies performed oydno-turbines in Sri Lanka and Switzerland. The
study performed in Sri Lanka is much like the structure this project has as objective. The
Department of Renewable Energy in Sri Lanka has a test facility with which they can
perform analysis on hydrrbines to improve on performance. The report explains who
the tests are conducted and the parameters of the analysis for performance.

The second article describes a study in performance of fiydvymes for which they had

to use a test rig. It describes siieailly the analysis on a Francis turbine and the impact

or the natural frequency of the test rig on the modeling of the pressure at the rotor blades
14
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of the turbine. The third article describes the monitoring system improvement to get real
time data for mee accurate analysis and how this affects in benefits in a long run. The
graphs show performance under given conditions and the benefits of using this type of

turbine.

1. Micro Hydro Turbine Test Facility at the NERDC

T.A.Wickramasinghe and M.Narayana

Department of Renewable Energy, National Engineering Research & Development
Centre of Sri Lanka.

These are proceeding from the"22AHR Symposium on Hydraulic Machinery and
Systems held in Sweden in 2004. It presents a method to analyze the flow cendition
inside a draft tube located in the tailrace of hydro turbines. It employs spectral analysis,
with a data acquisition system receiving the data from several-psgtive elements
across the inner walls of the draft tube. The focus of the paper irentifythg properly

the nature of the vortex generated inside the draft tube as consequence of running
turbines in offdesign conditions. The information contained has more application toward
the curved draft tubes which present less flexibility in chamdebe design conditions

than straight conical of cylindrical ones.

Abstract
Many off-grid micro hydropower development programs have been cayuenh recent

years in Sri Lanka. Micro hydro turbines are now manufactured locally and need to be
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improve tle geometrical parameters to achieve higher efficiencies. To improve the
manufacturing quality, and hence to achieve better performances, it made as a
requirement to check performance of micro hydro turbines for the Renewable Energy for
Rural Economic Devepment Project in Sri Lanka. To cater the above requirement, a
Turbine Test Rig Facility have been developed and established by the NERD Centre of
Sri Lanka. This facility is in compliance with IEC 60193/99. It has two test loops to test
high and low heaturbines, of up to 10 kW capacities. The facility include urgteund

sump, pump system, water supply line, base for mounting of turbine, brake
dynamometer, measuring equipments and electrical control system. The parameters that
can be measured includgieed, inlet flow, torque and inlet head. These parameters can
be used to evaluate hydraulic power and efficiency values for different loading conditions
of the turbine.

By varying the inlet pressure and flow, the maximum hydraulic power and optimum
efficiency of the turbine could be evaluated. The trial operations of the test rig have been

carriedout and already been tested few turbines at the NERD Centre.

2. Identification and modeling of pressure fluctuations of a Francis turbine scale

model at part load operation.

Christophe NicoletJorge ArpeFrancois AvellanLaboratory for Hydraulic Machines

EPFL Swiss Federal Institute of Technology Lausahaasanne, Switzerland
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These are proceeding from the 2007 International Conference on Small Hydroptaver he
at Sri Lanka on 2007. This paper presents a macro concept of the construction of a test rig
in order to support research from local groups in the turbo machinery field. Information
about the range of hydro turbines to be tested is mentioned as wk# asléction of
equipment and experiments to be carried out in this test rig. Additional equipment such as
brake dynamometer and two different sets of pumps (one for high flow and another one.
Abstract

Scale model of high specific speed Francis turbin@y present at upper part load
operation under low cavitation number pressure fluctuation in the range 2 to 4 times fn,
the rotating frequency. In the framework of the FLINDT project, pressure measurements
on the draft tube wall of a Francis turbine scaledsl at 104 locations revealed such
phenomenon at a frequency of almost 2.5 fn. The phase shift analysis of the measured
pressure fluctuations in the draft tube at this frequency points out a pressure source
located in the inner part of the draft tube &bdhe spectral analysis of the pressure
signal at this location shows that there is energy uniformly distributed in the range 0 to 7
fn. This results from impacts of the vortex rope during its precession on the draft tube
wall. The wave speed along theaftrtube is calculated using the experimental results of

the phase shifts and allows modeling the entire test rig with SIMSEN. The simulation of
the hydro acoustic behavior of the entire test rig, including the scale model and the piping
system, and consgding white noise excitation at the pressure source location provides

eigen frequencies of the full hydraulic system. An eigen frequency at 2.46 fn is identified

17
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and the corresponding mode shape agrees well with the experimental results. A forced
excitation composed of the synchronous pressure fluctuation measured in the draft tube
cone added to pressure impulsion peaks at the vortex rope precession frequency is also
simulated. This excitation represents the synchronous part of the vortex rope excitation
ard the energy provided by the impacts on the draft tube wall. The analysis of the
resulting pressure fluctuation in the entire test rig shows significant pressure amplitude

mainly at 2.46fn, which evidences the excitation mechanism.

3. Structuring a Hydro-turbine Testing Program to Measure and Maximize Its
Benefits

By Paul J. Wolff, Patrick A. March, R. Keith Jones, and David B. Hansen

This publication presents an-gepth technical compilation of the need and benefits of
water measurement and how to meastrrit presents an introduction to fluid dynamics

and then continues into presenting measuring devices and how to use them, including
equations and table. Methods from measurement are as simple as weirs or as complex as
acoustic measurement. A varietyflows are considered including both pressurized pipes

and open channel. Finally, it contains conversion factors as well as table rating tables to
facilitate the use of some measurement instruments. All information is written in a

straight forward mannemnd its directed to both technical and rtechnical people.
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Abstract

Realtime efficiency monitoring and optimization systems are commercially available
and increasingly used in the hydropower industry. Reak efficiency monitoring
systemscontinuouslymeasure key unit operating information that includes unit power,
unit flow, headwater level, tailvater level, blade angle, and gate settings. The
optimization systemspportion the requested plant load among the available individual
units to optimize theverallplant energy generation, subject to various constraints. These
systems have increased thfficiency of many hydro plants, resulting in significant
increases in energy generation aegenue (March, 2001).

Effective optimization systems require acate unit performance characteristics (Adams
et al., 1999; March et al., 2005). Errors in unit characteristics produce corresponding
errors inoptimized unit dispatch, reducing overall plant efficiencies. An effective hydro
turbine testingorogram is impdant in ensuring that unit characteristics are as accurate as
possible. Howeverthe availability of both qualified personnel and sufficient funding
typically limit the number ofests and the scope of tests that can be performed within any
organizationThis paper presents a methodology for computing analyses and indicators to
track and maximize the benefits of a hydtarbine testing program and describes
techniques for unitesting to minimize testing costs. @ne measurements of unit
power, headwatemlnd taiwatercan be used in conjunction with unit characteristics to
guantify the energy and revenue lossssociated with neaptimized plant dispatch.

With the addition of an ctine flow measurement, differences between the expected and
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measured uh characteristics can beomputed, thereby providing an overview of the
accuracy of the unit characteristid®epresentative examples are presented for several
plants. A similar approach can be usedstiwmcture a comprehensive test program for a

hydro utlity or agency.

1.4 Discussion / Background

The first law of thermodynamics wdii governs all energy conversisystems, states that
the change in the amount witernal energy contained with a system is equal to the
amount of energy addday heaing, minus the amount aénergy lost from the system by

work done uporthe environment
The First Law of Thermodynamicsates

DE=Q-W )
Where
E is the total change in the internal energy of the system,
Q is the energy added the system by heat

W is the overall amount of energy lost to the environment due to work done.

The main and most basic principle learnt in fluid mechanics is that a liquid will only flow
between two locations if there is an existing pressure differdsatween these two
points. In other words the liquid flows from a high presqoitto a low pressurpoint

in the pipe or tubealso referredo as a pressure drop. The increasergspure from one
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point to anothers typically caused by gravitationplull or changes in elevation, friction
and changes of kinetic energg.er noul | | @sch Edjeiraitved from Newt
Second Law,can be used when studying fluid dynamics, this equation is valid for
compressible and incompressible ligtlmvs.
b+ 3" 0F + Q= Oy + 3703 + 0. @
Where:

Pis the fluidés pressure at the point of
vis the fluiddéds velocity at a point on th
} is thedensityof the tested fluid,

g isthe acceleration due to grayity

h isthe location of a point within the streamline

The overall efficiency of the system will be evaluated based opdiver generateus.

water power.

0£0Q "@WAGN _ &0
=== ®3)

QX oD 0£0Q 00"

Where:

Q@ is the efficiency,
P is the water inlet pressure (Njm

Q is the water flow rate (ifs),

V is thevoltage (Vj,

| is thecurrent generate@®)
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2. Project Formulation

2.1 Overview

The system design will include all the cpoments to simulate a hydroelectric system.
Pumps and piping will be used to produce a flow of water that will generate electricity
through a turbine connected to an electrical system. The design of the system will
consider the optimal flow and head unaeénich the available turbines will work. An
optimization of the electrical system will be performed as well, including the generator
speed and coupling as well as a control system to prevent surges or failure of the

prototype.

2.2 Project Objectives

The poject objective is to develop a system with which different types of turbines can be
tested for their overall performance and efficiency. The system will be able to produce
different volumetric flows and pressure heads in order to simulate scenarideeddeci

a particular turbine. Then an efficiency analysis can be performed to determine if the

turbine is suitable for the environment it is intended to be used for.
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The micro hydreturbines, for which this system is designed, are usually used to provide
energy to places where there is no access to an electrical grid but rather access to a stream
of water that can provide clean and continuous energy to supply the needs of a nearby

facility.

The test rig will be used for laboratory experiments by FlUesttglin order to promote
the development of clean energy and create solutions for people that either live in
precarious conditions or need to have access to energy for temporary facilities in remote

places.

The system can be used to do testing to devadeptype of turbines and to optimize the
energy output on hydroelectric systems. The system can also be used to test and optimize
other components such as generators, controllers, governors, and the electrical system in

its entirety.

Once the desigrand pototypeis completd, the students who may wish to use the
machine for future testing based on their own senior design projects, such as the design of
a hydreturbine shaft and rotor, would be able to carry out additierperimers using

this rig in orde to deternme the overall performance of thgarticularhydro-turbine

design vs. the standard desidhe following curves agathen be obtained and analyzed

1 Efficiency vs.flow rate

i Efficiency vs.speed or RPM
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1 Powervs.flow rate
1 Powervs.guide vanangle or efficiency

1 Flow rate . guide vane angle

2.3 Design Specifications

The system will consist of two gk60 Honda water pumps that will produce the pressure
gradient in order to simulate the necessary head and flow of a given scenario. These
pumps will have two different set ups and will cover a range of values for head and flow
under which different turbines can be tested. The pumps will be connected in series to
create more pressure head and supply the action turbine (Stream Endimergy
Sydemsé& Design Ltd) which contains two nozzles which reduces the area of the water
flow, increasing the velocity of the water as well as the momentum which will make the
blades of the turbine rotate and therefore produce electricity through an incorporated
generator that will be connected to a dump load receiving the electrical energy produced.

This turbine has to be open to atmospheric pressure in order to work properly.

To supply the reaction turbine (LH1000) the pumps will be connected in paralleite cre
more flow. This turbine also requires to be submerged in water and at a certain height
from which a draft tube will draw the water to the second tank below. This turbine has a

rotor at the bottom and a guide vane that drives the water towards thielades. Then a
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shaft connects the rotor to a generator on top. The system has to run in such way that
when in steady state it does not overflow 138 Gallon Rectangul&@hemTainerTank
and the water level do not reach the turbine generator. The genedtalso be
connected to a dump load and the same analysis can be performed as for the action

turbine.

The system pipeline will be build with PVC Schedule 40, including joints, valves,
elbows, and reducers. One pipe will draw water from the fowd the 350 Gallon
Cylindrical Cone BottonChemTainer Tank that comes with its own steel support and
the connecting pipes will run at ground level. Then one pipe will draw water vertically

and distribute it either to the action turbine or the reactidsina.

To achieve these changes in the set up of the system, several valves will be installed
along the pipes to direct and distribute the water accordingly. Along the pipeline there
will be pressure gauges (Orbit 200 Lb. Pressure Gauge) anehféders (mega Fl=

30009) to control and gather information about the system.

The turbine contains a generator that produces a DC output which can be stored in a
battery bank. The battery should have a controller to prevent overcharging; the excess

energy will be dected to a dump load.

2.4 Constrains and other Specifications
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When designing the system there are some limitations that have to be considered. One of
the most important constraints is the economical limitations. The parts that compose the
system are ex@nsive and the project will be based on the capacity of the group to obtain
the parts either by financial support, datlancing, or lend by the Applied Research
Center at FIU. The group will try to use all the resources available on campus since the

budcet is restricted.

Other constraints to take in consideration #nat the system has to be as compact as
possible but still comply with the required specifications. It must be kept in mind that the
system can be modified to increase performance sinceutbees require different
seups Our point of reference for the design will be the two turbines that are available.
From the structure designeahultiple changes can be made in terms of pump capacity,

pipe diameter, structural height, and other variathlasmake up the system.

The working site was chosen to be at FIU since the objective is to build something that

students can use later on and continue to improve.
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3. Conceptual Design

3.1 0verview of Conceptual Design Developed

The overall design prcess involved sigteps as shown in Figure 1.

Define the

Problem
\h___
Generate
Possible
\¢ :olutlons
_ -
I Evaluate Possible

- Solu;ions

Make & Test
Model

[

L

"

Modify and
Improve Design

Communicate

Figure 1. Design Process
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Step 1: Define theProblem i examining the problem at hand and assessing the various
design criteria and goals by performing a thorough background res@archjer to

determine a clear problem statement

Step 2: Generate Possible Solutioris with the problem statement clearly defined next
comes the need for a solutioh.good way to do this is by brainstorming with fellow
teammates, thus promoting creatitenking such as sketching various ideas. This step
involves a lengthy process of using ones imagination and creativity to determine the best

solution to the given problem.

Step 3: Evaluate Possible Solutiong from the proposed solutions generated in step

two,one s houl ddodheidleasand masicaid sblutidins mete requiredlesign

criteril 0 By | isting the advantages and disadva
strengths and weaknesses for each solution, after whidlethelesigrlternaive can be

selected.

Step 4: Make and Test a Modeli also known as the prototype phase, first steps
involves detailed technical drawingsither by hand or with the aid of softwaiter
which a model can either be built to scaleroodeled using 3D saftare. The generated
models can then be used for testing based on stability, usability, and perfarmance
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Step 5: Modify and Improve Designi this step involves analyzing the data and results
from step five and improving the designfixing anyproblemsenmuntered pertaining to
the design. If the overall design has to be changed or improved it is advised to start again

from step 2, however if only further testre needed thehe teancan resort to step four.

Step 6: Communicate Final Design aftertestng, modeling, and optimizing and with
the designer satisfiewith the overall results it will beeady forfinal presentation. Final
technical drawings, technical manuals dperationassembly, and maintance may also

be needed and should be preparembatingly.

3.20verview ofDesign Alternative

One of the main objectives otoetisingmicradesi gn p
hydro-turbine test rig designs and improve on it by altering its stru@ndeombining
the two designs into one, thusaking it more compact, versatileasier to operate and

maintain.

With any engineering projedhcorporating a 3D model is one of the first steps to turning
a design into reality. By utilizing 3Dsoftware programs such as Solidikds and

AutoCAD one camot only simulate a range of scenarios and environments on which to
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perform test and simulations, but it also provides the designer with a complete

visualization of how the system would look before it is even built.

In terms of design constraints the mamitation of the design was cost, due to high cost

of certain components the design was somewhat limited to the parts which were already
acquired, such as the pumps and twe turbinesacquired(stream engine impulse
turbine, and an LH1000 reaction turb) on which the experiments would be carried out

on. Four designs were chosen and compared in terms of cost, feasibility and ease of

installation andexpected performance.

Another constraint of the systanasdesigning a system which can test both impatse
reaction turbines on the same test rig without having todnéege manyarts. What
makes this aamplex design scenario is becauserder for the various hydrturbines

to run at their maximunefficiency they both require differenbperatingcondtions.

Impulse turbines require a low flow rate, butaar ge oper ating head,

versa for the reaction turbirielow head and high flow rate. Because of this correct pipe
sizing is very important, incorrect pipe sizing can lead to a pocrutating system

resultingin an inefficient operating hydrurbine.

The original designs consisted of two separate test rigs to @ash hydro-turbine
separately by implementinga design which can test both systemsder the same

structure lowers overall cost,helps with maneuverabilitgnd minimizes usage space.
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Intake
- Discharge

Figure 2: FIU's Stream Engine Assembly

Figure 2 represents the conceptual design wu
used to provide the pressure head ned¢dedn the stream engine; the two water tanks

represents the riveros up and down streams.
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Figure 3: FIU's LH100 Test Rig #gsembly

Figure 4: Final Assembled Design of the Hydraulic System

In Order to ést the LH100 turbine a separate test rig was designed and created by FIU,
incorporating 3 different pumps to the ones used in Figureand t wo @B O di ame

as shown in Figure 3 and 4. Not only was this large and cumbersome making it difficult
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to mantain overtime, but it also made it inefficient as an additional pump had to be used

to pump the water back into the source pool.

The designs used in Figures-2 although they performed the requiregktavere not
suited for long term applications. Asesult when searching for a proper solution for the
required problem careful attention was paid to the original design layout in order to

devise a more creative solution.

3.3 Design Alternative 1

Figure 5: Design Alternative 1
Figure 5 represents the first of a series of conceptual drawings derived by the team. This
designi ncor porated the use of both of FI Ubs dc¢

drawn to give a rough idea of how to configure the system to work with bothesrbin
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3.4 Design Alternative 2

Figure 2 although slightly more compact than design alterndtiwaid not take into
account the return portion of the stream tu
for the return water, nor did it take cnaccounthe size of the pumpshich were going

to be used, because of this another alternative was sought.

=2
= b"—f ;'_—‘\\/,/
M=
— 18" Hax wrTCe

(‘7 TACY (supmer )

Figure 6: Design Alternative 2
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Figure 7: Front View of Design Alternative 3howingOverall DimensionaHeight

35



DESIGN OF A MICROGHYDRO TURBINE TEST RIG
EML T 4905 SENIOR DESIGN PROJECT

3.5 Design Alternative 3

In order to determine thidesign a rough sketch was first made, this sketch shows the
locations of the various components in regards to the tank. A 3D model was then
generated to check the feasibility of such a propddat model incorporated the use of

two electricalpumps which can displace a maximum of 11.5 GPM (gallons per minute)
with an operating pressure of around B8A00 PSI;thesepumps were not sufficient
enough to deliver the adequate flow required forltH&000. Therefore a new solution

had to bdound as the tank would not have been able to support the required tanks which

were going to be used.

Figure 8: Rough Sketch &lternative Design 3
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Figure 9: 3D Model of Design Alternative 3

Figure 10: Top View of Design Alternative 3
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The main drawback to alternative 3 isstlidesignincorporated the use of small pumps
which would not be able to deliver the desired flowratettie reaction turbine. Because

of this mechanical pumps were acquired which are much larger both in terms of size and
weight, therefore a new design had to be sought. Another disadvantage to the setup was
that a large base tank would leato be used whichwoul d be too costly

budget.

3.6 Design Alternative 4

This desigrnincorporatesa modelwhich can test both the LH1000 and the Stream Engine
turbing by using two water tanks, one mounted above the other which would represent
the rivers umnd down streams amdth the use of two mechanical Hon@x160pumps

of which each have discharge capacity @70gal/min aml a total head lift of around 85

ft. This is done bgimply replacing a hose, and locking or unlocking the ball joints.

Whentst i ng the LH1000 becausesalargedfowwithlessact i on

f

C

head heref ore by rerouting the 30 hose |l eadincg

wye valvet o t he 4 0, trenopepihgythe pail pakérom the supply pip and
connecting a hose between @nd the pump #nlet. One canthen successfully run the

pumps ina parallelconfiguration Thus producing a greater floate
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Similarly when one wants to test arestm turbine simply disconnethe hoses, as
mentioned abve, lock off the ball valve and reconnect the hose from pump one leading
into pump 2, thereby running the pump in series creates a greater head while maintaining
a set flow rate. By adjusting the ball valves leading into the stream engine one can also

cortrol the flow rate.

Figures10i 14 shows the various layouts as discussed above; The first illustration is a
sketch showing the various plans, from these plans the 3D diagrams were created using

Solidworks.
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Figure 14: Design4 Showing the Pumps

Operating inSeries

Figure 13: Design4 with Stream Engine

Installed
Runnirg the pumps in seriess shown in Figures 11 and X2eates a larger pressure,
ideal for impulse turbirewhich operate at largeeads;this pressure is converted into a

relatively large velocity at the exit of the nozzle

Table 1 below, shows the runnisgecifications of the impulse turbine, by utilizing two
pumps a larger pressure head can be generated to run the stream engine. With each pump
displacing 85 ft, by running it in series theoretically could deliver about 150ft of head
inclusive of any losse The pumps can also deliver a maximum of 270 GPM each. This

fl owrate would be controlled by adjusting
42
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monitored with the use of a fl owmeter i

specifications othe turbine.

Table1l: Stream Engine Output in Watts (Continupus

Flow Rate
Net Head Liters/sec (Gallons/min)
0.67 | 1.33| 2,50 | 5.00 | 6.67 | 7.50 9.50
Meters | Feet | (10) | (20) | (40) | (75) | (100) | (112) | (150)
3 10 - 20 50 90 120 130 150
6 20 15 40 100 | 180 230 250 350
15 49 45 110 | 230 | 450 600 650 800
30 98 80 | 200 | 500 | 940 | 1100 * *
60 197 150 | 400 | 900 | 1500 * * *
90 295 200 | 550 | 1200 * * * *
120 394 300 | 700 | 1500 * * * *
150 492 400 | 850 | 1900 * * * *

Show Hidden Component:

Figure 15: Design4 with LH1000 Figure 16: Design4 Showing the Pumps

Installed Operating in Parallel
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Figures 13 and 14 represent the system with a reaction turbine installed, by uglizing
parallel configurationa greater flow rate can be achieved while still maintaining a

relativelylow pressure head.

Even though this setup has its advantagedso ha several drawbask One of whichs

its pipe diameter sizing, ith the use of 4 inch pipes and valves m#ke system a bit on
the costly side Another is the overall height of the system; with the stream engine
installed it makes the design well over ft2all making it quite difficult for the operator

to gain acces®tthe turbine and its piping.

3.7 Proposed Solution

The final design was chosen by utilizing all the previous alternative designs and weighing
the pros and cons together of each desijo.mpar ed t o FIl Ubés test
utilizes two tanks antivo pumps and caeasilybe maintained for future students to use.
Unlike alternative 4the stream engine i® longer posioned on the top tank, but sits

the main tank, thus reducimessure losses and also reducing the overall height of the
system while making it easier for the operator to read the gauges, adjust the valves and
configure the stream engindowever, the overall piping layout, from design 4 excepting

the piping to thestream engine was kept as it proposed the most suitable solution.

Various model simulation were performed through CosmosWorks in order to determine

the most ideal configuration of the piping to determine the flow characteristics, as well as
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a static analsis on the supporting structure which would have to support the upper tank
which can hold a maximum of 189.5 gallons. This tank if completely filled with water
would weigh about 1581 Ibs and although the upper tank would not be entirely filled, for
safetyreasons a load equivalent to 1700 Ibs was evaluated on the structure. The results of
which can be seen in section 5, once the simulations and designs were done the team

began gathering material for the prototype construction.

Figure 17: Final Desgn - Parallel Setup Figure 18 TopViewi

Parallel Setup
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Figuresl7 & 18represent the system runningparallel;this setup is exactly the same as
in design alternative 4 for the parallel conidigtion. Careful consideration was paid to
thesupporting structuras it would not only have to support the load from the tank but

would also have to sustain the vibrations being generated by the mechanical pumps.

With this design and the pumps being usad can test a reaction turbinewa
maximum flowrate of about Bgpm taking into account the losses within the piping,

with this flow one will be able to generate around 125W of energy.

When operating the stream turbine howebercause it requireshagh head/pressuiend

low flow-ratein order to operate at its most efficieahother alternative had to be

sought, hence the reason for the series configuration. Because the pumps being used are
high flow pumps, leaving the two pumps to operate in allghiconfiguration would

result in too much flow, but by operating them in a series configuration results in roughly
the same flowrate as running one pump but increases the amount of head being

generated by the pumps.

When compared to design 4 the melrange was the location of the stream turbine, as
explained previously by relocating the stream turbine would result in less pressure losses
and also ease accessibility. Figures 19 and 20 below shows the configuration to be used

when operating the streamrbine.
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Figure 19: Final Design - SeriesSetup Figure 20: Top View

I Series Setup

3.8 Discussiort Proposed Solution

The overall design was successful in that both designs were implenisotexhe unit,
thereby reducing the overall cost as well as providing some sort of maneuverability when
compared to the previous designs in which two systems were used. Some of the problems
encountered with previous dgss were the fact that custom compatswould haveto

be built in order to provide an accurate flowhis was rectified by utilizing a
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configuration which would incorporate two pumps into the system to increase either flow
or head.

One of themain limitations to the project i$inances, a the design would have to be
largely based onhe budget the team has to work with. Because of this drawback the
system would not be as efficient as it can be due to cutbacks on certain materials and
parts.

In addition to the above, furth@alculationswere carried out in Section i order to
evaluate that the chosen piping and routiag adequate enough for the desired expected

flow-rates and pressure which the system would undergo.
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4 Project Management

4.1 Overview

The project management systetilized in this project has three main objectives. Most
important is to create channels were all team members can communicate and exchange
ideas on a regular basis and keep solid records of agreements and responsibilities. The
second objective is to keepcaentralized location for the project information, data and
revisions. The third objective is to give the team a macro view of the timeline of the
project, including milestones and to do list breaking down the complexity of the project

into smaller sectiamwhich are manageable and easier to schedule.

4.1.1 Scope

The scope of this project management system includes only the three team member. The
project advisor will be considered as an external member of the project management
system and communication wide limited to direct verbal communicationy&ils and

phone calls.

4.1.2 Definitions
Senior Design Team: The group of students responsible for the completion of the senior
design project. The team does not include the faculty advisor, faculty mennkibinglo

parties. The names of the team members are provided on the cover sheet of this report.
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Faculty Advisor: Member of Florida International University faculty considered a subject
matter expert. The advisor provides the senior design team with theeexpeand
guidance needed for a successful project. The name of the faculty advisor is provided on
the cover sheet of this report

Project Management Website: A wbhsed project collaboration tool that allows
exchange of information and files between teaember and or third parties.

Gantt Chart: A project management tool that displays project schedule information,
milestone data and progress based on milestone tasks or to do lists. Information is

displayed in the form of tables and figures.

4.1.3 ProjectManagement System Description

Due to time constrains as well as the complexity of coordinating meeting time and
schedules among team members, a project management website was deemed as the best
choice to coordinate the activities of the senior design .t&&m idea of using a project
management website surfaced after reviewing the project management strategies utilized
by previous senior design teams. The application is called Bas@amdpit provides
web-based tools for project management at an affoedabkt. A previous alternative
considered by the design team was to build and maintain a website at the FIU server.
However, this options required additional project time and resources and was deemed

inadequate.
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Back to Dashboard

Hydroturbine senior Design Team

Overview Messages To-Do BMUIESGHESE Writeboards Files

Milestones (Today Is 13 September

Upcoming

Due in the next 14 days

Sun Mon Tue Wed Thu Fri Sat
TODAY Sep 14 16
Complete Project Secure working space and materials Complate
Propozal - & (Turbines and Pumps) - 7 Postar -2
25

Prototvoa Dasign Alternativa
13

Impulse / Action Dezign
Alternative - 13

Reaction Daesign Alternativa -
13

All upcoming

[~ Complete Project Proposal - 6

o-Do: Complete Project Proposal - 6

T \ - Fred Coll
[T Secure working space and materials (Turbines and Pumps) -7
To-De: Secure weorking space and materials (Turbines and Pumps) - 7

Figure 21: Screenshot dProject Management \&bsite

A project manager was selected among the senior design team to coordinate and
administrate the project management website. The project manager is responsible for
coordinating the assignment of respondiie and deadlines with the team members and
updating the project management website on a regular basis. The team agrees to respect

the information, schedules and responsibilities posted on the project management website
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and consider the information comtad in it as binding understanding that it is vital to the

project success.

The project management website comes with an extraordinary array of tools that ensures
that all team members are up to date with the latest communications, changes and
revisions. Bam members have a personal login that allows them access to the project
management website and exchange information in real tirmeails are sent from the
application to team member every time a relevant change occurred in the process. For
urgent commumations, the team will use cell phones and text messaging. In person

meeting will be conducted at least once a week and all team members are required to

assist except under extraordinary circumstances.

4.2 Breakdown of Work into Specific Tasks

Table2: Detail of Milegones

Milestone Days Start Deadline | Done | Open | Progress
Working space and materials (Turbines
and Pumps) 46.0 | 7/21/2009 | 9/23/2009 7.0 0.0 100%
Complete Project Proposal 7.0 9/3/2009 | 9/14/2009 6.0 0.0 100%
Final Report (50% Completed) 18.0 9/4/2009 | 9/30/2009 7.0 0.0 100%
Final Design (100% Completed) 18.0 9/4/2009 | 9/30/2009 1.0 0.0 100%
Prototype Assembly (50% Completed) 18.0 9/4/2009 | 9/30/2009 5.0 0.0 100%
Complete Design Alternatives 13.0 9/8/2009 | 9/25/2009 5.0 0.0 100%
Prototype Assembly (100 % Completed) 45.0 | 9/10/2009 | 11/14/2009 | 10.0 0.0 100%
Complete Poster 7.0 | 9/11/2009 | 9/22/2009 5.0 0.0 100%
Final Report (75% Completed) 35.0 | 9/16/2009 | 11/4/2009 7.0 0.0 100%
Testing of Prototype (50% Completed) 35.0 | 9/16/2009 | 11/4/2009 2.0 0.0 100%
Final Report (100% Completed) 16.0 | 10/29/2009 | 11/20/2009 | 20.0 0.0 100%
Draft Final Presentation 16.0 | 10/29/2009 | 11/20/2009 3.0 0.0 100%
Presentation Rehearsal to MME Faculty 4.0 | 11/20/2009 | 11/24/2009 0.0 1.0 0%
Final Presentation to IAB and MME
Faculty 8.0 | 11/20/2009 | 12/2/2009 0.0 2.0 0%
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4.3 Organization of Work and Timeline

Présentation Rehesrsal 1o MME Faculty

Final Préesentation te BB and MME Faculty

Conmplete Praject Praposal

Commplete Poster

Waorking space and materials {Twrbines and Pumps)

Complete Design ARernatives

Final Repart {508 Completed)

Final Dedign | LI Completed)

Prototype Assembly (508 Completad)

Final Report {T5% Completed)

Testing ol Prototype {5068 Completed)

Provotype Adsemibhy (D00 5% Completad)

Final Repart { 100N Completed)

Crraft Final Presentation
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Figure 22: Gantt C

53

1E-Sep

13-0en

2E-0et 12-Mow 27-MNow




DESIGN OF A MICROGHYDRO TURBINE TEST RIG
EML T 4905 SENIOR DESIGN PROJECT

4.4 Breakdown of ResponsibilitieEmongTeam Members

Table 3: Breakdown of Respottdlities

RESPONSIBLE

Item Nick | Fred | Andres
Introduction (Report Section 1) X
Project Formulation (Report Section 2) X |:| Stage 1
Design Alternatives (Report Section 3) X
Project Management (Report Section 4) X - Stage 2
Engineering Design and Analysis (Report Section| x
Prototype Construction (Report Section 6) ! Stage 3

Project Management

Prototype Construction X X
Poster Design

Draft Proposal

Reports

Presentations

Design Altemative 1

Design Alternative 2

Design Alternative 3

Design Alternative

Prototype Components / Tools / Materials
Literature Survey

X |x [x |x

<[> [x |x [x

X | X
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5. Engineering Design and Analysis

5.1 Kinematic Analysis andnimation

It concerns the acceleration of a fluid particle, its velocity and its position, in other words
the study of a fluidbds fl ow. This can be
Lagrangian Methods in conjuction with simulation software, and rambvatesting
techniques. However due to the complexity of turbulent fluid flows undesfuilgn
developed conditions, a complete kinematic analysis of the water flow through fittings,
valves and other system components goes beyond the scope of the geajegtired
resources are not available for an adequate study. The results from these analyses will not
have resulted in an actual component optimization or incorporation for the prototype that
could be appropriately built or tested. Instead, we basedemisions on results from
previous studies on the topic, theoretical considerations, and engineering judgment.
Simulation methods are presented mostly as a reinforcement of the theoretical analyses
and decisions taken under the earlier stages of thecprogre experimental data and

were not readily available for component selection.

5.2 Dynamic Analysis of the System

In order to better define the scope of the project, a number of parameters were taken into

account. One of these parameters was to dafa@ge of turbines based on power output
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that could realistically be tested in this rig under design conditions. Another important
parameter taken into account was to maximize the use of equipment and facilities

currently available in order to incorporam¢o the final prototype.

As a starting point we turned to rough estimates based on the specifications of the
components at hand or on components that could be acquired within a short period of
time. Most of the information used came from data sheets fuobine manufacturers as

well as data sheets from pump manufactures. The data collected included parameters
such as pressure, volumetric flow rate and power output. These parameters were
incorporated into the conceptual design selected by the groupsaddas input into fluid

flow simulation software for a preliminary analysis.

Figure 23: Preliminary Simulation of

Figure 24: Preliminary Simulation of

Representative SysteracBon Represerdtive Systemestion- Stream

Reaction
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The conceptual design includes two different rig set ups in order to maximize the
working range. The first set up calls for the pumps to be placed in parallel in order to

maximize flow capacity. The results from the preliamy simulation are presented

below.

Figure 25: Simulation ofParallel Setup under High IBw Conditionsi Total Pressure
The critical section from the piping system was selected from the output of the
mechanical pumps until the @émf the pipe at the upper water tank. The reason that
this section was selected as being representative of the system was due to the small
pressure loss on the suction side of the pumps. The inputs selected for the simulation
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was the rated maximum volumiet flow rate of the pump (270gpm each) and the
static pressure at the outlet of the pipe (14.69 psi). They pumps appear to have the
capacity to provide enough water flow to allow a small reaction turbine to perform
under design conditions. Pressures ake ¢nough to be carried inside PVC Piping

Sch40.

For the second setup the pumps are connected in series in order to maximize the
pressure head at the pump outlet. Based on the pump specifications they are rated at
36.85psi eachThe combined total pressuoé 73.70 psi is fed to the pipe system and
additional constrains of volume flow rate and static pressures are defined for the pipe
outlets at the top. A stream engine will be used to generate power from the water flow
generated and the initial desired ddions for testing are planning to be close to
10gpm under 170ft of head (73.70psi approximately). The results from the simulation

are presented below.
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Figure 26: Simulation of Series Setup under High Pressure Headlifionsi Total

Pressure

According to theASTM D2466- 06 Standard Specification for Poly(Vinyl Chloride)

(PVC) Plastic Pipe Fittings, Schedule,40 46 PVC pi ping has a max
pressure of 133 psi which is not binding to the simulation results. At the i@

the head obtained for the stream engine connection at the front of the system (small

pipe ending on a-Bection) is overr0 psi which yields sufficient for the objectives of

the rig design.
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Another parameter to analyze is the flow velocity gendratehe main outlet inside
the upper water tank. A small velocity is desired in order to avoid a water jet that
could make the system unstable and possibly introduce unwanted vibration. The

simulation results are shown below for each particular rig setup.

Figure 27: Simulation of Parallel SetupnderHigh Flow Gonditions Flow Velocity
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Figure 28 Simulation ofSeries 8tupHigh Pressure Head @hditions Flow Velocity

Figure 29: Simulation ofSeries StupHigh Pressure Head @hditions Flow Velocity

(Detall)
After confirming that the simulation provided feasible results, the design proceeded to the
next stage. A more idepth analytical design was performed using as a ponefefence

the available design constrains. The first step was to determine the nature of the flow.
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Since the fluid to be used in this prototype is water, the flow was classified as
incompressible for practical purposes. At the same time, the flow is egdedbe fairly
steady except, of course, at the beginning and at the end of the test runs. The degree of
steadiness of the flow is greatly dependent on the performance of the two centrifugal
pumps; however, centrifugal pumps are supposed to providedy $i@a that cannot be
achieved with reciprocating pumps for example. Another characteristic of the flow to be
considered is to determine if the flow is laminar, transient or turbulent. In order to
determine this, the Reynolds number must be calculatexbrdiong to common

engineering practice, the flow in a round pipe is considered turbulent if the Reynolds
number exceeds 400 able 4 summarizes the calculation of the Reynolds numbers for

both ends of the flow rate range at different pipe sections.

Table4: Determination of Reynolds numbers

>

D (in) D (ft) Q (gpm) | Q (ft3/s) | (slugs/ftd) | (Ib*s/ft2) V (ft/s) Re
4.00 0.33 500 1.11 1.94 2.34E05 12.77 352778
4.00 0.33 10 0.02 1.94 2.34E05 0.26 7056
3.00 0.25 500 1.11 1.94 2.34E05 22.69 470371
3.00 0.25 10 0.02 1.94 2.34E05 0.45 9407
2.00 0.17 500 1.11 1.94 2.34E05 51.06 705556
2.00 0.17 10 0.02 1.94 2.34E05 1.02 14111

15 0.13 500 1.11 1.94 2.34E05 90.78 940741

15 0.13 10 0.02 1.94 2.34E05 1.82 18815
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Based on the ramgof Reynolds numbers obtained, we can determine that the nature of
the flow is turbulent. Another flow characteristic to be considered is the fact that due to
the combination of fairly big pipe diameters and relatively short pipe sections with
numerous ttings in between, it is unlikely that fully developed flows can be reached in
most of the pipeline. However, the analytical studies will be conducted as another way to
approximate the expected results prior to testing.

It is often difficult or impossibléo use only theoretical methods to obtain the desired
results. A judicious combination of experimental data with theoretical considerations and
dimensional analysis often provides the desired re¥Mtsst turbulent analyses are

based on experimental daand seméempirical formulas. After making these

clarifications, the analytical studies will resume.

Now that the nature of the flow has been determined, the analysis will focus on the
physical components of the pipeline, its geometry and how the parioamof the test rig

is affected by them. As a starting point, the head loss [h(l)] will be calculated for the two
different prototype configurations, namely, high flow and high head.

The following equations are applicable to the following content in dodéetermine the
major and minor losses in the system.

T @@= Quga + Vaex

1 12
o N I
T Qaga = Q55

", € d)z
T Qaeti = Vo 5y
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Where:
Q: Head Loss
Quca - Major Loss
Qe - Minor Loss
Q Friction Factor

I Length of Pipe

D: Diameter of Pipe
V: Average Velocity
g Gravity

Og: Loss Coefficient

To have a better understanding of the magnitude of the pressure loss at different flow
rates, it was decided testimate a working range for the prototype which yields good
performance conditions for both prototype configurations. The working range selected
was 500 gpm for the high flow configuration and 10 gpm for high head conditions.
Having established this raagas an acceptable range of reference it is now possible to
determine additional expected data in relation to head loss. Tables 5 and 6 present data
such as friction factor, surface roughness and major head loss [h(ma)] which are essential
for the determiation of the total head loss in the pipeline. The Moody Chart was

referenced in order to obtain the friction factors for the table below.
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Table5: Determination of Friction Factor

Q (gpm) D (in) Re E K5 F
500 4 352778 | Smooth 0.014
10 4 7056 Smooth 0.023
500 3 470371 | Smooth 0.0135
10 3 9407 Smooth 0.021
500 2 705556 | Smooth 0.012
10 2 14111 Smooth 0.195
500 1.5 940741 | Smooth 0.0115
10 1.5 18815 Smooth 0.018

Q (gpm) f | D (ft) V (ft/s) | 9 (ft/s?) | h(ma) (ft)
500 0.014 25 0.33 12.77 | 32174 2.66
10 0.023 25 0.33 0.26 32.174 0.00
500 0.0135 25 0.25 2269 | 32174 | 1081
10 0.021 25 0.25 0.45 32.174 0.01
500 0.012 5 0.17 51.06 | 32.174 | 1459
10 0.195 5 0.17 1.02 32.174 0.09
500 0.0115 11 0.13 90.78 | 32.174 | 129.60
10 0.018 11 0.13 1.82 32.174 0.08

Table 6 displays already some data that shows that the determination of the pipe
diameters has been adequate for the expected flow rate. For example, for a flow rate of
500 gpm and a pipe diameterof 0.181fl / 20) we woul d have an exce
velocity and a very high head loss. However, this section of 0.13 ft of pipeline will not

run under high flow conditions (500 gpm) but with flow rates close to 10 gpm, where the

flow velocities as well as the hebubs are acceptable.
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After c al

cul

ating

t he

maj or

head

0sses

caused by the many fittings across the length of the pipeline. Table 4 summarizes the

contributors.

Table7: Determination oMinor Head Losgor Components

Q (gpm) D (in) Comp V (ft/s) g (ft/s?) K(I) h(mi) (ft)
500 4 90°Elbow 12.77 32.174 0.3 0.76
10 4 90°Elbow] 0.26 32.174 0.3 0.00
500 2 90°Elbow 51.06 32.174 0.3 12.16
50 2 90°Elbow 1.02 32.174 0.3 0.00
500 4 Wye 12.77 32.174 0.5 1.27
10 4 Wye 0.26 32.174 0.5 0.00
500 4 Tee 12.77 32.174 0.2 0.51
50 4 Tee 0.26 32.174 0.2 0.00
500 4 Reducer| 12.77 32.174 0.05 0.13
10 4 Reducer 0.26 32.174 0.05 0.00
500 4 Expansion 12.77 32.174 0.16 0.41
50 4 Expansion 0.26 32.174 0.16 0.00
500 2 Expansiop 51.06 32.174 0.16 6.48
50 2 Expansion 1.02 32.174 0.16 0.00
500 4 Ball Valve 12.77 32.174 0.05 0.13
10 4 Ball Valve 0.26 32.174 0.05 0.00
500 3 45°Elbow 22.69 32.174 0.2 1.60
10 3 45°Elbow  0.45 32.174 0.2 0.00
500 2 Tee 51.06 32.174 0.2 8.10
50 2 Tee 1.02 32.174 0.2 0.00
500 2 Ball Valve 51.06 32.174 0.05 2.03
50 2 Ball Valve 1.02 32.174 0.05 0.00
500 3 Ball Valve 22.69 32.174 0.05 0.40
50 3 Ball Valve 0.45 32.174 0.05 0.00
500 2 Gate Valve 51.06 32.174 0.15 6.08
50 2 Gate Valve 1.02 32.174 0.15 0.00
500 4 Nipple 12.77 32.174 0.8 2.03
50 4 Nipple 0.26 32.174 0.8 0.00
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The loss coefficients used in Table 7 are commonly used in engineering. These in
particular were referenced frohand’.

After the calculation of the major and minor losses had been conducted, it is time to
evaluate thedtal head loss expected under the high flow conditions, which due to the
magnitude of the flow has become our design focus. Table 8 presents the data as well as

the total head loss.

Table8: Determination of Total Head Loss undemgHiFlow Conditions

Q(gpm) | D (in) Comp | h(ma) (ft) | h(mi) (ft)
500 4 4" Pipe 2.66 0.00
500 3 3" Pipe 10.81 0.00
500 4 Nipple 0 2.03
500 4 90 ° Elbow 0 0.76
500 4 90 ° Elbow 0 0.76
500 4 90 ° Elbow 0 0.76
500 4 Wye 0 1.27
500 4 Wye 0 1.27
500 4 Tee 0 0.51
500 4 Tee 0 0.51
500 4 Ball Valve 0 0.13
500 3 45 ° Elbow 0 1.60
500 3 45 ° Elbow 0 1.60
500 3 Ball Valve 0 0.40
500 3 Ball Valve 0 0.40
500 3 Ball Valve 0 0.40
500 4 Reducer 0 0.13
500 4 Expansiorn 0 041 Total h (ft)
Total (ft) 13.46 12.91 26.38

Based on the analytical calculations, the pipeline under high flow conditions is expected

to experience a total head loss of 26.38 ft. This number is important as it must be
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subtracted from the pump capacity in order to determindrtakMolumetric flow rate for
the system.

Determination of head losses under high head conditions follows a similar process.

Table9: Determination of Major Head Loss under High Pressure Conditions

Q (gpm) f I D (ft) V (it/s) | 9 (f/s?d) | h(ma) (ft)
500 0.014 25 0.33 12.77 | 32.174 2.66
10 0.023 25 0.33 0.26 32.174 0.00
500 0.0135 25 0.25 2269 | 32174 | 1081
10 0.021 25 0.25 0.45 32.174 0.01
500 0.012 5 0.17 51.06 | 32.174 | 1459
10 0.195 5 0.17 1.02 32.174 0.09
500 0.0115 11 0.13 90.78 | 32.174 | 129.60
10 0.018 11 0.13 1.82 32.174 0.08

Table10: Determination of Total Head Loss under High Pressure Condition

Q(gpm) | D(in) Comp | h(ma) (ft) | h(mi) (ft)
10 4 4" Pipe 0 0.00
10 3 3" Pipe 0 0.00
10 2 2" Pipe 0.09 0.00
10 15 1-1/2"Pipe| 0.08 0.00
10 4 Nipple 0 0.00
10 4 90 ° Elbow| 0 0.00
10 4 90 ° Elbow| 0 0.00
10 4 Wye 0 0.00
10 4 Wye 0 0.00
10 4 Tee 0 0.00
10 2 Tee 0 0.00
10 2 Tee 0 0.00
10 4 Ball Valve 0 0.00
10 2 Reducer 0 0.00
10 2 Expansior] 0 0.00
10 3 Ball Valveg 0 0.00
10 2 Ball Valve 0 0.00
10 15 Gate Valvg 0 0.00
10 15 Gate Valvg 0 0.00
10 4 Reducer 0 0.00
10 4 Expansior] 0 0.00 Total h (ft)

Total (ft) 0.18 0.00 0.18
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As it can be observed in the previous table, total head losses due to fittings and surface
roughness are not much of a concern due to the relative low velocities experienced during
the hidh pressure setup.

Now that the major and minor | osses have
to identify additional elements that influence both the performance and the design
limitations to render this prototype safe to operate.

For this dsign, the maximum head requirement for the pumps is based in the distance
between the water levels from the bottom tank and the upper tank. At the same time the
upper tank is restricted by the height of the turbine, as in this particular design, the
turbine is not to be submerged. Taking the previously mentioned dimensions into
consideration, the maximum head requirement for high flow conditions if 8 ft and 5.5 ft
for high pressure conditions.

Additional considerations that fall under the umbrella are nzatufing quality, material
guality, conditions of the pumps and condition of the turbines. To take these into
consideration, a safety factor will be implemented to ensure that the final product
(prototype) will meet the performance requirements as welheasafety requirements.
Additional factors that can contribute to uncertainty were taken into consideration by

referencing a study in the development of a test rig for flowmeters by R.C. Bakér et al
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namely flow profile distortion, air in water, splaspiand flowmeter uncertainty. The

table below summarizes the main items of this section.

Table11: Expected Performance Based on Worst Scenario Conditions

Pump | Max Pressurq Max Head | Max Total Min Expected
System Setup Pressure Lift Losses | Requirement| Head Lift | Design Facto] Performance
High Flow 170 ft 26.38 ft 8 ft 34.38 ft 15 225 gpm
High Pressurg 170 ft 0.18 ft 55 ft 5.68 ft 15 109.54 ft (47.5 ps

Table 11 takes into account the findings made on this section under asessaenario
conditions. The pressure losses and the maximum head requirements are added and
compared to the pump performance curve. For example, the maximum total head lift
under the worst conditions for the high flow setup total 34.38ft for both punipé 19ft

for each pump. Including a design factor of 1.5 to account for manufacturing defects,
material quality and low performance from both the pumps and the turbine, the total head
lift becomes 25.78ft. The pump performance curve indicates that f@dalifteof 25.78ft

it is expected a flow rate of 225gpm approximately. This is what is being considered the
minimum expected performance.

As far as safety, the values are set by the pump specifications. They dictate the maximum
pressure under 73.70 psicathe maximum flow under 540 gpm. Both of these values can
be supported by the PVC pipeline according to previously mentioned material resistance
values.

There is another element besides the pipeline that is worth mentioning because of its

contribution toa better flow towards the reaction turbine. The draft tube (also referred to
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as diffuser) aids the test rig by creating a vacuum on the discharge side of the turbine
increasing this way the performance of the whole rig. The figure below depicts this

concep by illustrating the small density changes through the draft tube.

Figure 30: Change in Water Density across the Draft Tube
The draft tube has a small half angle that causes the water to stick to its walls. This
causes the watdlow to slow down due to the slight increase in cresstional area. In

order to compensate for the reduced velocity and constrained by a continuous volumetric
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flow rate, the pressure must drop creating a vacuum. This pressure drop creates a
favorable efiect in the system with aids to the performance of the test rig. The application

of draft tubes for similar application has been used historically in all type of applications

including hydro turbines in power plant applications.

5.3 Stress, Deflection Angsis
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.Figure 31: Applied Restraints, Pressure and Forces Acting on the Structure
A Stress Analysisis performed using SolidWorks and its simulation program
CosmosWorks. By performing a simulation through CosmosWorks deternomeshk

overall supporting structure reacts under the force of the upper tank when the system is
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being used for the reaction turbine. The software creates a representation of the stress,
strain,anddeflectionand gives an overall factor of safety. Thésstsdetermine whether

or not the support designed can tolerate the loads which would be acting on it. The force
in this test can be applied statically as well as dynamically, however due to the nature of
this particular design setup only a statase willbe diagnosed.

The failure theory used to obtain the simulation results is the Von Misses Theory, this
theory implies that materials begin to yield when th& deviatory stress invariant
reaches the maximum/critical point. This theory is best suiteddotile materials, in
addition it also finds particular points of cracking and distortion within the given
material.

The Von Mises criterion states that once the distortion energy equals or surpasses the

uniaxial tension energy for yield, failure will oaccientifically, this is expressed as,

1
E(nl 2202+ G2 w3)?+ (s w1)? L6

L_// ~ Maximum shear

stress yield area

— Von mises yield
area

Figure 32 Principle Stress Ellipse
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The dashed line in figure 30 represents the maximum shear stressonriteowever

since it lies in the ellipse of the Vonn Mises makes it more conservative

In addition to bounding the principal stresses to prevent ductile failure, the von Mises
criterion also gives a reasonable estimation of fatigue failure, especiatlgses of
repeated tasile and tensilshear loading.

The first step to analyzing the 3d model is to create a mesh, this mesh built by
CosmosWorks is used to isolate the structure by creating a series of nodes and elements,
which then converges the overadbsults through multiple iterations towards obtaining the

most accurate results.

Table12: Mesh Information

Mesh Type: Solid Mesh
Mesher Used: Standard
Automatic Transition: Off

Smooth Surface: On
Jacobian Check: 4 Points
Element Size: 0.76878 in
Tolerance: 0.038439 in
Quality: High
Number of elements: 141936
Number of nodes: 307748
Time to complete mesh(hh;mm;ss): 00:01:10
Computer name: LAB2807-12
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Table13: Results from Stress Analysis

Name Type Min Location Max Location
Stress1 VON: von 1.15718 (-3.54694 in, | 1.41383e+008 | (36.6869 in,
Mises Stress | Nim"2 10.868137in, | /M2 94,7573 in,
Node: 305979 | __ oo in) Node: 272713 | . osa- in)

Figure 33: Stress Analysien Structure
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