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Editorial

We now come to the AJHPWS ’s fifth edition.

This publication is one of the actions undertaken by the Latin American Working Group of IAHR s
Hydraulic Machines and Systems Committee.

The fight in searching new papers and prestige from scientific community is incessant. An
effective contribution for sustainable development is one of our purposes.

All our researches have the potential to promote scientific knowledge and to support new policies
aiming the development of new technologies from the technical, social and economic point of view,
in addition to subsidize sustainable development and the quest for a better future.

Thus, dissemination of knowledge, methodologies and procedures of physical phenomena
scientific modeling and solutions to reach technological development is one of the groups * goals and
consequently, of this journal.

In this case, this journal gradually becomes an eclectic vehicle within the limits of water
resources and environment, if there are, and in addition it is interesting for the academy, considering
that most part of papers come from research groups of several universities and research centers
distributed in Brazil and Latin America.

This edition addresses several subjects such as: the project and building of a small hydropower
plant aiming to become a learning tool for teaching and training of engineering students; suitability
of an existing reservoir to operate as a mini hydropower plant, according to regulatory environment
of not centralized micro generation in Brazil; comparative studies of methodologies for hydraulics
transient calculation and finally, studies addressing management issues of water resources.

We do hope to contribute in any way in this direction. We look forward you to appreciate reading
of selected papers for this edition of AJIHWES.

Yours faithfully,
Geraldo Lucio Tiago Filho
Editor in Chief

Regina Mambeli Barros
Technical Editor
American Journal of Hydropower, Water and Environment Systems
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Water and Environment Systems

A publication of Latin American Working Group of the
International Association for Hydro-Environment Engineering
and Research-IAHR

All papers must be submitted in English. In case the author
wants to translate the article through the journal all costs for
the translation will be charged on the account of the author.

1. Formatting articles
1.1. Article structure
1.1.1 Subdivision - numbered sections

Divide your article into clearly defined and numbered sections.
Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use
this numbering also for internal cross-referencing: do not just
refer to ‘the text’. Any subsection may be given a brief heading.
Each heading should appear on its own separate line.

1.1.2 Format

All text of the manuscript must be located within a 170 mm
by 252 mm rectangle of a white A4 page or within 170 mm by
240 mm for the letter format. The margins are given in Table 1.
An example of the page format is given in Fig. 1

[Table 1]: Page margin for manuscripts.

Margin Position Top Bottom Left Right

Margin size (cm) 2.0 2.5 2.0 2.0

All text should be single spaced, black and in 12-point type.
“Times News Roman” or a similar proportional font should be
used. Total length 15 pages in Word.

The terminology given in the IEC Technical Report for the
Nomenclature of Hydraulic Machinery is recommended.

Introduction

State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or a summary
of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced.
Methods already published should be indicated by a reference:
only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background
to the article already dealt with in the Introduction and lay the
foundation for further work. In contrast, a Calculation section
represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the
work, not repeat them. A combined Results and Discussion
section is often appropriate. Avoid extensive citations and
discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a
short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.

References

Within the text, references should be cited in numerical
order according to their order of appearance. The numbered
reference citation within text should be enclosed in brackets.

After the second edition all papers must have at least one
reference of the American Journal of Hydropower, Water and
Environment Systems.

Example: It was shown by Prusa [1] that the width of the
plume decreases under these conditions.

In the case of two citations, the numbers should be
separated by a comma [1,2]. In the case of more than two
references, the numbers should be separated by a dash [5-7].

List of References. References to original sources for cited
material should be listed together at the end of the paper;
footnotes should not be used for this purpose. References should
be arranged in numerical order according to the sequence of
citations within the text. Each reference should include the last
name of each author followed by his initials.

(1) Reference to journal articles and papers in serial
publications should include:

e last name of each author followed by their initials

e year of publication

e abbreviated title of publication in which it appears

o full title of the cited article in quotes, title capitalization

e volume number (if any) (Do not include the abbreviation,
“Vol.")

e issue number (if any) in parentheses (Do not include the
abbreviation, “No.”)

e inclusive page numbers of the cited article (include “pp.”)

(2) Reference to textbooks and monographs should
include:

e last name of each author followed by their initials

e year of publication

e titles in examples may be in italic

e publisher

e city of publication

e inclusive page numbers of the work being cited (include “pp.”)

e chapter number (if any) at the end of the citation following
the abbreviation, “Chap.”

(3) Reference to individual conference papers, papers
in compiled conference proceedings, or any other
collection of works by numerous authors should
include:

e last name of each author followed by their initials

e year of publication

o full title of the cited paper in quotes, title capitalization

e individual paper number (if any)

o full title of the publication

e initials followed by last name of editors (if any), followed by
the abbreviation, “eds.”

e publisher

e city of publication

e volume number (if any) in boldface if a single number,
include, “Vol.” if part of larger identifier (e.g., “PVP-Vol. 254")

e inclusive page numbers of the work being cited (include “pp.”)

(4) Reference to theses and technical reports should
include:

e |ast name of each author followed by their initials
e year of publication

o full title in quotes, title capitalization

e report number (if any)

e publisher or institution name, city
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1.1.2 Essential title page information

e Title. Concise and informative. Titles are often used in
information-retrieval systems. Avoid abbreviations and
formulae where possible.

¢ Author names and affiliations. Where the family name may
be ambiguous (e.g., a double name), please indicate this clearly.
Indicate all affiliations with a number immediately after the
author’s name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country
name and, if available, the e-mail address of each author.

e Author résumé. The author must inform the graduation
degree, post graduation, affiliation and email address. The
résumé must not exceed 150 characters.

e Corresponding author. Clearly indicate who will handle
correspondence at all stages of refereeing and publication,
also post-publication. Ensure that e-mail address and the
complete postal address are provided. Contact details must
be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved
since the work described in the article was done, or was
visiting at the time, a ‘Present address’ (or ‘Permanent
address’) may be indicated as a footnote to that author’s
name. The address at which the author actually did the
work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract
should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone.
For this reason, References should be avoided, but if essential,
then cite the author(s) and year(s). Also, non-standard or
uncommon abbreviations should be avoided, but if essential
they must be defined at their first mention in the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 6
keywords, using American spelling and avoiding general and
plural terms and multiple concepts (avoid, for example, ‘and’,
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‘of’). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be
used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in
a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the
end of the article before the references and do not, therefore,
include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during
the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use
the international system of units (SI). If other quantities are
mentioned, give their equivalent in SI.

Math formulae

Present simple formulae in the line of normal text where possible
and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately
from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively
throughout the article, using superscript Arabic numbers. Many
wordprocessors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes
in the text and present the footnotes themselves separately at the
end of the article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase
letter.

Artwork

Electronic artwork
General points

e Make sure you use uniform lettering and sizing of your
original artwork.

e Save text in illustrations as ‘graphics’ or enclose the font.

e Only use the following fonts in your illustrations: Arial,
Courier, Times, Symbol.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Produce images near to the desired size of the printed
version.

e Submit each figure as a separate file.

e Pictures, graphics and images must be submitted in a JPG
or GIF format with 300 dpi.

2 Conducting the Review

2.1 Originality

You might wish to do a quick literature search using tools
such as Scopus to see if there are any reviews of the area. If
the research has been covered previously, pass on references
of those works to the editor.
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2.3 Previous Research
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ABSTRACT

The majority of power generation in Brazil is made by hydroelectric power plants and projections shows that this scenario
will hold into the future. Therefore it is essential to study the process of energy conversion, from the water movement until its
consumption in electric form. That study will contribute in the formation of human resources and development of engineers at
the field of energy production and conversion. The objective of this work is to project and build-up a hydro power plant inside
the Thermofluids Laboratory of University of Brasilia-Gama Campus. The project encompasses the assembly of a water pipe to
give the plant its head, the installation of a small Indalma turbine, a coupling device and a load center composed by lamps to
assess the energy consumption. The project consists in evaluate the head losses at the water pipe, measurements for the hill
diagram of the turbine, design and installation of the coupling between turbine and generator, and the design of the load center.
In order to analyze the energy generated, tests with the generator and the turbine separated from each other were performed
to obtain the output voltage, the me chanical power and efficiency of the turbine in nominal conditions. The hydraulic circuit
and the coupling operated adequately after its installation. When the generator was coupled to the turbine, the latter had to
operate below its optimal operation point due to a limitation of the generator. The load center was able to consume the electrical
power given by the generator. Despite the generator limitations, the build-up of the power plant was successful, where one

could observe the entire process of energy conversion.

KEYWORDS: Indalma Turbine. Hydropower Plant. Teaching methods. Coupling.

1. INTRODUCTION

According to data from [1], over 60% of the power plants
in Brazil are hydroelectric. Likewise, close of 30% of the power
plants in construction in Brazil are also hydroelectric. Therefore,
one can note the predominance of this kind of power generation
at the Brazilian energetic context, even with the availability of
other sources. Those power plants are composed by a turbine-
generator combination, that transforms mechanical power
output of the hydraulic turbine in electric power.

That combination is obtained by a mechanical device that
couples both machines. Power plants that has small values of
power represent also a form to address the energy demands in
Brazil, mainly in isolated communities. Those plants have small
environmental impact compared with big power plants due to
its dimensions [2, 3].

In order to address the energy demands, hydro power plant
rehabilitation [4] and the use of small hydro power plants are
studied in order to take the most of those enterprises. As a
consequence, there is constant research for new technologies
and equipment for energy generation, conversion and
transmission. These research brings additional demands for
human resources with specialized and transversal competencies
in renewable energy. Because of that demand, engineering
teaching must address those demands.

Within the context of engineering schools, the use of a
power plant model allows to correlate the learning of theories
involved in such a plant with practice experiences. This model
would facilitate the learning of basic turbomachinery concepts,
power analysis and management of the power output. The
thermofluids laboratory of University of Brasilia - Gama Campus
has a experimental setup of a hydraulic turbine, that allows
the experimentation of small turbine models. This setup can be
transformed into a complete power plant that can be use into

research and human resources formation. The entire process
of energy conversion, transmission and consumption, from the
flow to the generator outlet can be mapped and studied.

The energy engineering undergraduate course of UnB-
Gama Campus aims to graduate engineers with competence to
study modern energy conversion problems, such as generation,
transmission, regulation and final use of that energy. Also,
environmental and social issues are also present at the course
curriculum. Its profile is of a electro-mechanical engineer with
studies into portions of mechanical, chemical and electrical
engineering, and studies into economics and regulation
laws. Concerning hydroelectric plants, the student gets in
touch with concepts of transport phenomena, fluid dynamics,
turbomachinery, up to a course into hydroelectric power plants.

Therefore, the main goal of this work is the build-up and setup
of a hydro power plant for teaching purposes at the thermofluids
laboratory of UnB-Gama campus. The setup of the hydraulic
circuit, the turbine, generator, its coupling, and the load center will
be shown. Results concerning head losses, turbine experiments,
coupling project and load center testings will be presented.

2. MATERIALS AND METHODS

In order to provide the turbine the mechanical power, a
hydraulic circuit was projected and constructed at the laboratory,
as shown in figure 1. This circuit has a 1000-liters reservoir, a
water pump of 25 CV, and tubes of 0,1016 m and 0,1524 m.
The water pump is controlled by a frequency inverter, allowing
a better control of the flow rate and pressure of the circuit.
The circuit has manual valves that can set a constant head,
conducting any additional water to a drain pipe. This valve setup
avoids unnecessary turbulence at the flow, which can impact at
the turbine eciency. The entire hydraulic system was developed
to allow the measurement of all data with simple analogical

Faculdade UnB Gama - Universidade de Brasilia (UnB), Area Especial 2 Lote 14 Setor Central Gama-DF, Cep: 72405-610 - (55 61) 3107 8219

6 American Journal of Hydropower, Water and Environment Systems, out 2017



instrumentation and additional instrumentation coupled with
computers. Data of head, flow rate, rotation force and rotation
speed can be measured by those instrumentations. This setup
allows a maximum gross head of 7 meters.

[Figure 1: Bench parts.]

Where:

. Frequency Inverter;
. Electrical Motor;

. Water Pump;

. Indalma Turbine;

. 1000 I-Water Tank;
. Turbine Water Intake Tube;
. Flow Rate Sensor;

. Triangular Spillway;
9. Load Cells;

10. Inductive Sensor;
11. Manual Valves

ONOUTA WNH

The turbine used was a Indalma turbine, as showed in figure 2.
This turbine was developed as a modification of a Francis turbine.
Its main innovation is the use of aspects of impulse turbines and
reaction turbines into a configuration that allows its functioning
without a distributor. The Indalma turbine was developed to work
into hydro power plants with power output below to 10 kW up
to 1000 kW at the Amazon region. This region has demands for
turbomachinery of easy assembly and simplified operation and
maintenance. Since the turbine does not have distributor or a
mechanical control for power output and flow rate, it simplifies
its use into those kinds of hydro power plants. The turbine was
also equipped with a DI15 Digital Indicator that is coupled with a
rotation sensor. The indicator shows the rotation speed at the axis
of the turbine in RPM.

(a) CAD Drawing

(b) Installed Indalma
Turbine

[Figure 2: Indalma Turbine.]

One form to couple two rotative machines is using transmission
elements. Those elements are flexible and transmit mechanical
power or rotative movement. Typical examples of transmission
elements are belts with pulleys, axis and cables. The use of a
belt as a transmission element allows the transmission of rotation
movement from one axis to another, where each axis has a pulley at
its extremities [5]. The belt employed is a 90 cm length, V-section
belt, who fits at the pulleys without sliding. A moving base was
employed to adapt the generator to the turbine height and to allow
the traction of the belt between the pulleys. The generator was
bolted at the base to allow this adaptation, as showed in figure 3.

(a) Turbine-Generator Coupling

(b) Generator

[Figure 2: Turbine-Generator Setup. ]

The employed generator is a three-phase synchronous
machine with one pair of poles (Figure 3(b)) and an excitation
system MPL-3305M MINIPA (0 to 32 V and 0 to 5 A). A
multimeter was used to measure the output voltage at the
machine terminals during the test.

The load is composed by six lamps, where three of them
has 60W-220V and the other three has 40W-220V. Their choice
is justified by the fact that they behave like resistors and the
electrical power consumed is visibly noticed.

In a first moment, a monophasic circuit where all lamps are
set in parallel was assembled. Each one has a switch to allow
the load variation. However, connecting a monophasic load
in a triphasic machine allows the machine to be unbalanced.
This unbalance can cause the appearance of a negative-
sequenced electrical current, vibration and a decrease in the
nominal rotation. Because of that the load cell circuit has to be
transformed into a triphasic circuit.

American Journal of Hydropower, Water and Environment Systems, out 2017 7



The result of this transformation is a circuit with a star connection.
All the phases of this circuit are composed by two parallel-assembled
lamps, each one connected to a switch, according to figures 4(b) and
4(c). Also, for the tests, a rectifier, a voltage source and a voltage
regulator were employed to control and provide a direct current to
excitate the generator. The load setup is showed at figure 4(a).

(a) Load Center

vs1 A3
200w
= 1 12
0w W

A4

(b) Monophasic connection

11871187

50 ¥e [*=t
Bz

50

e
~118/1187 J
= 1 5z 23 34 b A

(c) Triphasic connection

[Figure 4: Load Center.]

3. RESULTS

3.1. Head Losses

The Darcy-Weisbach equation (Equation 1) was employed
to evaluate the head loss h, at the hydraulic circuit [6]:

L 2
h.f:fﬁ% (1)

Where f is the friction factor, L is the tube length, D is the
tube diameter and u is the flow velocity. The flow ratio Q was
measured by a electronic flow ratio sensor. With the water flow
rate and the diameter, the Reynolds number was calculated
using equation 2 for both diameters:

_ @b (2)
Ay
Where A is the round section area and v is the kinematic

viscosity. A measured flow rate of 0,0512 m3/s yield the
Reynolds number values displayed on table 1:

Re

[Table 1]: Reynolds Number for each tube.

Diameter (m) Area (m2) Re
0,1016 0,0081 642212,35
0,1524 0,0182 428729,67

One can note that the Reynolds number for both cases is
above 2300. According to [6], the flow is fully turbulent with
those values of Reynolds number. Therefore, the Moody diagram
is employed to evaluate the friction factor f . With this data, one
can calculate the head losses at the straight tubes. For the head
losses at parts of the hydraulic circuit, all the components are
listed at table 2, with their respective head losses:

[Table 2]: Minor head losses.

Part Head Loss (m)
Two Bends 0,0595
Four Tees 0,0151
One Elbow 0,0026

The total head loss of the entire hydraulic circuit, including
the minor losses, is hf= 0,1588 m.

The majority of the head losses at the circuit is at the upward
tubes. However, in order to obtain the net head delivered to
the turbine, one must take only the loss at the pipes where the
water is going downward. This head loss is equal to hf d= 0,0447
m, where the upward tubes and all the minor losses before the
downward tube were subtracted from the total head loss.

3.2. Hill Diagram and Power Output

The used gross head for the hydraulic circuit is equal
to 6,385 meters of water column (mwc), which is below
the maximum head for safety reasons. By subtracting the
downward head loss calculated above from the gross head,
one can conclude that the net head is equal to 6,34 mwc.

With this head, it is possible to obtain the mechanical power
output of the turbine.

With the flow rate and the net head, one can estimate the
hydraulic power received by the turbine. The overall eciency for
both the turbine and the generator is 0,675, therefore one can

estimate the power that the turbine will deliver to the
generator using equation 3:

P =nQgH (3)

Where P is the power in kW, n is the eciency and g is the
gravity. Several operating conditions of the turbine regarding
the rotation, the power output and the eciency of the turbine
were performed. These tests allowed the plotting of the hill
diagram of the turbine, showed at figure 5.

The diagram shows where are the best functioning points to
operate the turbine.
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[Figure 1: Bench parts. ]
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Using the eciency and equation 3, the power output will be
equal to 0,3004 kW. However, the mechanical power output of
the turbine is too high for the generator. In order to be able
to employ the described generator and to be able to use the
projected load center, the turbine functioning was adjusted to fit
the needed power value of the generator. To reduce the power
output to the desired value, the hill diagram was employed to
evaluate the new operation point. The chosen condition for the
turbine provides 200 W of power is if the turbine rotation speed
is set at 1080 RPM. This power and rotation values were used to
the following calculations of the present work. To achieve those
values, the head was adjusted with the valves and the pump
rotation, using the hill diagram as a guide. The output power
value given by the hill diagram was confirmed by the load cells.

3.3. Coupling and Voltage Output

The need of the coupling comes of the fact that the turbine
has a nominal rotation speed of 1080 RPM and the generator
has a nominal rotation speed of 3000 RPM. Therefore, the
coupling aims to increase the rotation output of the turbine.
To achieve this objective, a set of two pulleys and a belt were
employed. The pulley that goes at the turbine has a diameter
of D,=14,2 cm.

Therefore, having the rotations and this diameter, one can
calculate the diameter of the generator pulley using equation 4:

n D
n, D

Applying the previous data, one can find that the generator
pulley must have a diameter of D, = 5,11cm. For the assembly
of the coupling a 5-cm pulley and a V-shaped belt of 90 cm of
length were employed. A support composed by a moving base
was attached to the generator to allow the belt traction and
the proper rotation of the pulleys. This setup gave a 3067,2
RPM rotation to the generator for the turbine rotation, which is
above the minimum required by the generator.

With the coupling operational, empty tests on the generator
were performed in order to measure the output voltage. In the
first test, the generator was excited with a voltage of 200 V,
alongside a rectifier that provided a direct current to excite the
generator. This test provided an output voltage of 9000,01 V,
which is incompatible with the generator and its functioning,
because the output is too high. The following tests were
made by varying the pump rotation speed and employing a
excitation voltage and current of 4 V and 0,02 A respectively.
The measured values of output voltage for those tests can be
seen at table 3:

(4)

[Table 3]: Generator Output for a Excitation Tension
of 200 V.

Pump Rotation (RPM) Tension (V)
100 1000+01
80 720+01
60 410+01

After those tests, the generator was excited with 8 V and
0,03 A and the tests were repeated.

Although the measured output voltage dropped, it is still
high for the generator. The use of a fixed voltage to excite
the generator produced high values of output voltage, which
prevented the use of this output for the load center. Also, it
was noted the occurrence of a voltage decrease. To solve those

issues, a voltage regulator was connected to the excitation
apparatus in order to alter the voltage output to acceptable
values. The tests with the voltage regulator produced line values
of 46,415 V and phase values 2205 V, that allowed the use of
this output to the load center. The tests with this configuration
can be seen in table 4:

[Table 4]: Generator Output for a Excitation Tension of 8 V.

Pum:)RI;::;tion Line Tension (V) Phase Tension (V)
100 200+5 115+475
80 160+5 924385
60 1005 57+735

3.4. Load center

When the load center was assembled, tests were performed
to observe the right connection of each phase of the load, and
to find any short circuit caused by wrong connections. The
center was connected to 220 V. After these tests, another set of
tests were conducted to check the connection between phases.
The results showed that the load center is correctly connected.
The next step was connect the load center to the generator.
As previously mentioned, a voltage regulator was connected
to the generator excitation to avoid the voltage decrease and
to control the voltage output. The turbine rotation was fixed
at 1080 rpm, which gave a generator rotation of 3067,2 rpm.
The excitation voltage is 975 V in direct current. The voltage at
the line and the phase are 346,415 V and 2205 V respectively.
Those values were acceptable by the load center, and the result
of this voltage at the center are shown at figure 6:

[Figure 6: Generator. ]

One can note that the mechanical power generated by the
turbine was converted into electrical power and consumed by
the load center. Tests where the center unbalanced the electrical
load were performed. For those tests, lamps of 40 W and 60
W were employed and some of those lamps were turned o to
achieve the unbalance. The current frequency and values for
each phase A, B and C are showed at table 5:

[Table 5]: Phase Currents.

Phase Current (A)
A 0,150+01
B 0,180+01
C 0,200+01
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When the electrical load was changed, one noted that the
remaining phases divided the electrical power. That fact was
visibly at the load center, where some lamps lose their luminous
intensity with the increase of the load. With those tests, the
build-up was completed and the bench was fully operating as a
200 W hydroelectric power plant.

4. CONCLUSIONS

The present work described the setup and build-up of an
experimental bench of a small turbine and generator to act
as a hydroelectric power plant. This plant aims to be used as
learning and teaching tool for the Energy Engineering students
of University of Brasilia - Gama Campus. The design of the
hydraulic circuit, turbine operation points, its coupling with the
generator and the tests of the generator and the load center
were showed.

Calculations were made to evaluate the head loss from the
water inlet to the turbine inlet. With those results, the available
mechanical power given by the fluid and its given head were
calculated too. In order to compensate for the generator, the
used turbine power output is lower than the maximum. Its
value was calculated by the hill diagram after several tests with
the turbine. The coupling was able to transmit the mechanical
power to the generator, but the output voltage and current were
too high for the load center. To solve this issue, an excitator and
a voltage regulator were employed and acceptable values of
current and tension were obtained and used at the load center.
The center functioned adequately with and without all the
lamps turned on.

Before the build-up, the experimental setup was able to
perform experiments of pump performance and turbine eciency.
Now, with the coupling with an generator and a load center, the
setup can perform complete experiments of energy conversion,
even with a limited generator. The energy engineering course at
University of Brasilia-Gama Campus can now exploit transversal
experiments on energy conversion, generation, transmission,

regulation and consumption, which covers both mechanical and
electrical areas simultaneously. Also, research on mechanical
load variation and regulation of the turbine with its eects on
energy conversion and transmission can be exploited.

Concluding, the experimental setup was successfully
transformed into a hydro power plant, but the generator limited
the electrical power output. Further work will be performed
into the use of a new generator, and the diversification of the
load center, where more lamps and electrical equipments will
be added to the center. Also, other points at the hill diagram
will be used to evaluate the performance of the turbine and
the generator. In the future, it is planned to perform research
into energy generation management and quality with the
educational use of the setup.

5. BIBLIOGRAPHY

[1] ANEEL. (2016). BIG Banco de Informacdes de Geragdo.
Available in http://www2.aneel.gov.br/aplicacoes/
capacidadebrasil/capacidadebrasil.cfm

[2] Silva, C. L., Nowarowski, G. A. A., Santoyo, A. H., Leon, V.
E. P., Vilardell, M. C., Anélise de Possibilidade de Expansdo
das Pequenas Centrais Hidroelétricas no Brasil: Um Estudo
dos Limitantes e Potencialidades da Cadeia Produtiva a Luz
da Sustentabilidade. Desenvolvimento e Meio Ambiente 27
(2016) pp 48-72.

[3] Yah, N. F.,, Oumer, A. N., Idris, M. S., Small Scale Hydro-
Power as a Source of Renewable energy in Malaysia: A
Review. Renewable and Sustainable Energy Reviews 72
(2017) pp. 228-239.

[4] Gomes, E. P, Bajay, S. V. Brazilian Hydroelectric
Rehabilitation Potential and Viability. American Journal of
Hydropower, Water and Environmental Systems 1 (2014)pp.
20-24.

[5] FRANCESCHI, A., ANTONELLO, M. G. (2014). Elementos de
Maquinas. Santa Maria-RS: UFSM.

[6] White, F. M., Fluid Mechanics, 6th. Edition, 2008, Mcgraw-Hill.

10 American Journal of Hydropower, Water and Environment Systems, out 2017



