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ABSTRACT

Floating water wheel could harvest energy from shallow flowing river to
increase the potential of hydropower. Various types of water wheels have been
studied by other researchers. However, the details of the design such as ridge/blade
profile, number of ridges and submerged depth of floating water wheel have not
been clearly established. In this research, experiments were carried out in an
aquarium to study the optimum number of ridges, submerged depth and four
different ridge profiles for a laboratory-scale floating water wheel. The results
showed different ridge profiles and pitches and submerged depths contribute
significant effects to the rotation of floating water wheel. The result of the
experiment was used as reference for prototype design and fabrication. The
prototype was tested in a river and successfully produced voltage from the flowing
river. The experiment shows that the optimum number of ridges is 13, the best
profile is thin flat ridge and maintaining the floating water wheel at certain
submerged depth is important to its performance. The prototype concept is suitable
for low head flow and varying water level. It is also portable, easily assembled and
maintained and able to convert the kinetic energy of the water current into electrical

energy.
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ABSTRAK

Kincir air terapung dapat menghasilkan tenaga dari aliran sungai yang cetek
meningkatkan potensi untuk menjana kuasa hidro. Pelbagai jenis kincir air terapung
telah dikaji oleh penyelidik di seluruh dunia. Walaubagaimanapun reka bentuk
terperinci seperti profil rabung, bilangan rabung dan paras kedalaman kincir air
terapung di dalam air belum dikaji dengan jelas. Dalam kajian ini, eksperimen telah
dijalankan dalam akuarium untuk mengkaji bilangan rabung dan kedalaman paras
kincir air yang optimum dan mengkaji empat profil rabung yang berbeza bagi kincir
air terapung yang berskala kecil. Keputusan menunjukkan profil dan jarak antara
rabung, dan kedalaman paras kincir air jelas memberi kesan yang ketara kepada
putaran kincir air. Hasil daripada eksperimen ini telah digunakan sebagai rujukan
untuk mereka bentuk dan fabrikasi sebuah prototaip kincir air. Prototaip ini telah
diuji di sungai dan telah berjaya terapung serta menjana voltan daripada aliran
sungai tersebut. Eksperimen ini telah menunjukkan bahawa bilangan rabung yang
optimum ialah 13 dan profil terbaik ialah rabung rata yang nipis dan mengekalkan
kincir air terapung pada kedalaman tertentu adalah penting untuk prestasi. Konsep
prototaip ini sesuai untuk kelajuan aliran yang rendah dan berubah mengikut paras
air. la juga mudah alih, senang dipasang dan diselengara dan dapat menukarkan

tenaga kinetik daripada aliran air kepada tenaga elektrik.
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CHAPTER 1

INTRODUCTION

1.1 Hydropower

Renewable energy has imperatively become the alternative source of energy
to replace fossil fuel as the major energy source, in light of the drastic depletion of
fossil fuel due its application in most areas nowadays. In 2008, Sayigh [1] published
a study about renewable energy in worldwide progress, which shows that among the
six billion population, 1.8 billion have no electricity while 50 % of the inhabitants in
Asia and Africa do not have reliable supply of electricity. The world population
doubles itself every 50 years while energy demand doubles itself every 30 years and
electricity demand doubles itself every 10 years [1]. There exists an urgent need to

look into more reliable renewable energy source.

Hydropower is one of the renewable energy and is used in many countries to
provide electricity in mega watt sizes. Similar to the present large-scale hydro
power, mini-hydro and pico-hydro can also generate equivalent electrical power [1].
In view of the vast non-harvested energy in streams, rivers, irrigation raceway and et
cetera, the small, mini and pico type of hydropower bears high potential and research

on small scale hydropower will be inevitably increased in the near future.



1.2 Background Study

A hydropower harvester can be generally divided into two parts: its
horizontal axis - fondly referred to as "hydro turbine", and its vertical axis - fondly

referred to as "water wheel".

The turbine was introduced back in the early 19 century, during which
turbine manufacturing became a major industry and manufacturers came out with a
wide range of catalogues to suit a variety of conditions and purposes [2]. Although
the turbine ensures better performance than the water wheel, specific turbines could
only be used in specific conditions, resulting in the need for designers to come out
with different types of turbine. In order to harvest energy, the common hydro turbine
needs to be fully submerged in the water. As such, its impact on the environment,
particularly on aquatic life is much higher compared to the water wheel. Besides
that, the complexity of turbines requires maintenance which is troublesome for

normal users, especially those situated in rural areas.

The typical water wheel can be divided into three common categories,
namely "overshot", "breast shot" and "undershot", providing advantages on both
ecologic and economic costs [3]. Large-scale hydropower requires large dams and is
extremely expensive in initial and construction cost due to the necessary construction
of dams, reservoirs and canals meant to build up sufficient hydraulic head to regulate
and direct the water flow towards the water wheel. However, the running costs are
low. On the other hand, small scale type of hydropower can harvest energy in rivers
and water channels even though these places are narrow or shallow. Its potential to
rural areas and disaster areas is high especially the movable type of hydropower
harvester. One of the movable hydropower harvesters is the floating type of

undershot water wheel.



1.3 Problem Statement

Residents in rural areas are constantly facing insufficient electricity and
electricity shortages. The presence of flowing rivers, mini-hydropower becomes an
alternative solution. However, as most hydropower harvesters are fixed in position
and do not vary with water level, these harvesters are frequently blocked by debris
and require expertise for maintenance of the complex structure. Furthermore, the
harvesters cannot operate in optimum performance where there is a change in water
level, especially during the monsoon season. This research was carried out to study,
design and develop a floating water wheel device which is portable and which varies

with water level.

1.4  Objectives

The objective of this research is to design a floating water wheel device
which varies with water level, is portable, requires simple maintenance and is able to

convert kinetic energy of the water flow into electrical energy.

1.5  Scope and Limitations

This research was conducted to study floating water wheel performance in
laboratory scale and in actual condition. Experiment study limits its coverage on
four parameters only. Its main purpose is to investigate the effect of the parameters
which are submerged depth, four different ridge/blade profiles and different number

of ridges on the floating water wheel performance through experiment.

The study of the prototype only focuses on its functionability. The design of
the prototype based on the optimum results from the experiment. Its aim is to prove

the prototype design is workable in actual environment.



1.6  Significance of Study

Various types of water wheels have been studied by other researchers.
However, the detailed designs such as ridge/blade profiles, number of ridges and
submerged depth of floating water wheel have not yet been studied so far. The
results obtained from the experiment here and the performance of the prototype
could be used as a reference for further development. The further development will

bring a large impact to rural areas in terms of electrical energy supply.

1.7 Methodology

Problem Identification

v

Literature Review

v

Generate Design Specification

v
Floating Water Wheel Design [« Modification

v
Experimental Testing

v

System Design and Materials Selection

v

Fabrication and Installation Design

v Modification
Prototype Testing

v

(Design Optimization)

Voltage

Generation

3 Yes

Discussion & Conclusion

Figure 1.1: Design methodology flow chart.



As seen in Figure 1.1, the foremost step of this research is problem
identification, as presented in Section 1.3. This is followed by a study on the
evolution of undershot water wheel, reviews on several patented designs, a study on
the concept and theory of the open flow water wheel and a study on water wheel
calculation on certain parameters. The design advantages is then summarized from
the literature review and abstracted to suit this research study. Subsequently, a series
of experiments is carried out to study unestablished parameters of the floating water
wheel, from which the results of a few parameters are analyzed to generate more
detailed design criteria for the prototype. Finally, the prototype is fabricated and
tested at the river side to show that the design idea is workable in slow flowing
water. A counter rotating generator is then used to convert the output to electricity,
and its voltage is recorded by the data logger to be followed by data analysis.
Finally, the conclusion is drawn up and some recommendations are suggested at the

end of the research.
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