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Abstract
There has been a lack of laboratory classes and experiments at the two main national
universities in East Timor due to limited funds and manpower. The National University of
East Timor (UNTL) and Dili Institute of Technology (DIT) are currently lacking laboratory
classes, and equipments.

This study aims to improve the standard of laboratory classes in the universities, ultimately
enhancing students‟ practical knowledge in the Water and Sanitation (WatSan) field in East
Timor. Many children in the rural East Timor suffer from diarrhoea due to poor sanitation
and unclean drinking water. As such, it is important for the laboratory experiments to relate
to WatSan.

Two, simple, hands-on fluid mechanics laboratory experiments, suitable for use at UNTL and
DIT, have been designed to provide concise experiments which require less manpower and
budget to run them. The experiments have been drawn up to demonstrate the theory behind
“Pipe Flow” and “Percolation Test” respectively. Lab manuals of both experiments has been
carefully designed and incorporated in this study.

Overall, this study will improve laboratory classes in both universities, thereby giving
students the practicality that can help to improve water and sanitation in East Timor.
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“I tell the young people (if) they are not skilled, when
investors come we will only be the cleaners and the security
guards.” - Kay Rala Xanana Gusmao, President of the Democratic Republic of Timor Leste.
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Chapter 1: Introduction
1.1

Project Description

The National University of East Timor (UNTL) and Dili Institute of Technology (DIT) are
two main universities located in Dili, East Timor. Currently, there has been a lack of
laboratory classes, equipments, and experiments at both universities due to limited funds and
manpower.

This dissertation focuses on the students and lecturers at both universities by providing them
with the adequate knowledge of laboratory teachings and experiments in the Water and
Sanitation (WatSan) field in East Timor. However, much emphasis is given more to students
than to the lecturers in this study.

About 30 percent of this dissertation contains lab manuals from the two experiments that
were designed for this study. These manuals contain theories, procedures and discussion
questions regarding each experiment. Another 40 percent contains detailed information about
the design of the experiments. The remaining 30 percent of this study talks about the
historical background of East Timor; the importance of laboratory classes (for the lecturers);
the difficulties encountered in this study; the limitations of this study; and the
recommendation towards this study.
1.2

Project Aims and Outcomes

The ultimate aim of this thesis is to improve the standard of laboratory classes at both
universities by designing two simple hands-on fluid mechanics laboratory experiments that is
suitable for use at UNTL and DIT. The two experiments were aimed at understanding pipe
flow and improving sanitation respectively. Many children in the country, especially the rural
communities, suffer from diarrhoea due to poor water supplies and sanitations. As such, it is
important for the laboratory experiments to relate to WatSan.
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The ultimate outcome of this thesis is to be able to expose students with laboratory works and
methods, which will eventually enhance their practical knowledge in the WatSan field in the
country. Students will gain valuable learning experience from the experiments as they were
designed with the students in mind, and are related to real life situation concerning WatSan in
East Timor.
1.3

Project Scope

The scope of this project encompasses a broad range of issues and difficulties associated with
laboratory classes and experiments at both universities, as well as the processes of creating
the two laboratory experiments. Curriculums structure at both universities was also reviewed
and examined along with the Australian Agency for International Development (AusAID)
review of WatSan in East Timor.
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Chapter 2: Literature Review
This chapter provides an array of literature which addresses the key topics about teaching
laboratory classes to students. Most information in this chapter contains information from
Hazel and Baillie‟s book on “Improving Teaching and Learning in Laboratories” (1998); and
also personal experiences on teachings in East Timor from Curt Gabrielson‟s journal, “My
Experience with Physics Education in East Timor” (2002). This chapter also covers insight of
the country‟s present state and history, its universities and education.
2.1

Historical Background of East Timor

Portugal invaded East Timor for about 400 years; and during those periods, the country had
some colonial schools with a very small number of children intakes (Gabrielson, 2002).
These children were from the richer families, or the upper-class families that could afford to
pay schools fees (Gabrielson, 2002). In fact, Gabrielson (2002) noted that the quality of
education was pretty decent due to its formal and traditional way of teachings.
When the Portuguese left East Timor, the country declared itself independent on the 28th of
November 1975 (Michael, 2007). Unfortunately, the Indonesian military invaded and ruled
East Timor even before the declaration was globally acknowledged (Michael, 2007). Thus,
from 1975 to 1999, Indonesia occupied East Timor in what to be described as the most
violent and brutal intervention in the history of East Timor.

A website article written by Joe Nunes (1996) described that the Indonesian rule in East
Timor was marked with “extreme violence and brutality”. The estimated number of East
Timorese who died during the occupation varies from 60,000 to 200,000 (Nunes, 1996). The
Indonesian soldiers inflicted rape, torture and murder on the East Timorese, targeting those
that held administration and educated positions in the community (Hiorth, 1985).

In 1999, a referendum was held by the Indonesian Government to allow the East Timorese to
vote for independence or remained to be an “autonomous” region within Indonesia
(Gabrielson, 2002). Subsequently, the result showed that 78.5 percent of the people vote for
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independence. With this, the Indonesian forces once again blew up the city, destroying major
infrastructures and killing at least 300,000 East Timorese (Gabrielson, 2002).

After the tremendous devastation, and with almost no infrastructures left behind, the United
Nations (UN) came to aid East Timor with reconstruction of the country (Michael, 2007).
“The UN arranged, and led intermediary government system that ended in May 2002”
(Gabrielson, 2002). Finally, on 20th May 2002, East Timor was declared an independent
nation, and joined the UN on 27th September 2002.
2.2

Present State of East Timor

Having been invaded by the Indonesians for more than two decades, East Timor was left with
debris and ashes from the rubbles. Much of the destructions left the East Timorese people
with poor water supplies and sanitations that led to an outbreak of diarrhoea with children as
the main casualties. According to the world vision, half the urban population and less than a
quarter of the people living in rural areas in East Timor have access to clean water; and only
13% of the population has access to adequate sanitation.
Even though East Timor is an independent country now, the post-independence days hasn‟t
been a smooth sailing one for the country. At the current rate, East Timor is ranked at 162nd
by Human Development Index (HDI) among the world's states, the second lowest in Asia,
with an estimated population of 1,134,000 people (UNDESA, 2009). Life expectancy has
improved, roughly by 5 years to 60.7 from 55.5 years of age; and the human poverty index
was ranked at number 122 in the world as of 2007 (UNDP, 2007).

The Portuguese and Indonesians invasions of the country have influenced the current state of
development as it is today (Michael, 2007). Yet, the years spent under Portuguese and
Indonesian rules have been burdened by tragedy, hostility and insecurities. East Timor
continues to suffer the after effects of the Indonesian invasion which destroyed infrastructures
and killed thousands of the people.
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Languages of East Timor

East Timor has approximately 18 different broad languages which are spoken within the
country (Hiorth, 1985). Portuguese and Tetum were declared as the official languages of East
Timor after independence in 2002; however, not all East Timorese speaks the latter (Michael,
2007). Some literature suggests that only 60% of the population understands Tetum (Hiorth,
1985); and Gabrielson (2002) noted that nobody under the age of 40 speaks Portuguese.

During the Portuguese colonisation, authorities did not encourage Indonesian to be spoken
(Hiorth, 1985). However, due to the Indonesian invasion, the youths quickly learnt the
Indonesian language, as it was used in the educational system (Michael, 2007). Today, the
linguistic conditions are even more complicated (Michael, 2007).

Some schools teach in Portuguese, while some in Tetum; the universities still utilise
Indonesian textbooks that were brought in during the Indonesian invasion, as no textbooks
exist in Tetum (Gabrielson, 2002). Practically, almost all East Timorese speak Tetum at home
or at work; the English language, along with the Indonesian language is known as their
working languages. Thus, because of this combination of languages in different places and
institutions, it will be very difficult for East Timor to work together and find “some
uniformity” (Michael, 2007).
2.4

Universities of East Timor

As mentioned beforehand in section 1.1 first paragraph, there are two major universities in
East Timor: the National University of East Timor (UNTL) and Dili Institute of Technology
(DIT). During the pre-independence period, UNTL was known as “Universitas Timor Timur”
(UNTIM), a private university, and the only one on the island. Later, on the 10th of May
2002, DIT was born. It was inaugurated by the President of East Timor, President Xanana
Gusmao as the second university in the country.
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2.4.1 National University of East Timor

UNTIM was established in 1986 under the Indonesian rule. Due to this, the educational
system in East Timor was similar to some other parts of Indonesia (Gabrielson, 2002). In fact,
Gabrielson (2002) noted that most teachers and almost all principals in East Timor‟s middle
and high schools were imported from Indonesia. However, many of them were not
academically well trained, and were not enthusiastic to teach East Timorese Youths
(Gabrielson, 2002).

Then, in 1999, the education system was the major target for destruction with almost 80 per
cent of the schools destroyed and looted, following the referendum held by the Indonesians
(Gabrielson, 2002). Most of the buildings, classrooms, “furnishings”, “library collections”,
and “administrative files” were all destroyed in the destruction (UNTL Library Project,
2005).
After the post-independence period, UNTL was regarded as the country‟s hope for the future.
Its existence in the post-war nation was one of the most important and influential steps that
was taken in the restoration of the country (UNTL Library Project, 2005). UNTL is the basis
of the country‟s future generation of leaders, teachers, engineers, civil servants and
government, who will restore the nation‟s “agricultural and technical infrastructure” (UNTL
Library Project, 2005).
2.4.2 Dili Institute of Technology

DIT is a private, non-governmental, non-profit, and community-based university that
provides training and higher education in East Timor (EWB, n.d). It was established 10 days
before East Timor‟s Independence Day (May 20th) in 2002. It targets to provide training for
the youths and veterans of the country, to meet the community‟s requirements and the
development of the nation (EWB, n.d). Just like UNTL, DIT aims to raise future generation
of leaders and public figures that can restore their country to a better living standard.
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2.4.3 National Centre for Employment and Professional Training

The national centre for employment and professional training, or better known as CNEFP, is
a vocational training centre that is located in Tibar, about 15 km away from Dili. This
institution differs from the universities in that; it is in fact a training centre that offers a highly
practical course in WatSan related activities, aimed at training junior technicians for the East
Timor WatSan sector.

Early contacts with Mr Simao Barreto, Director of CNEFP, stated that their works focus on
skill developments that offer practical training in plumbing, rural water and sanitation
program. Being a training centre, CNEFP do not do lectures and do not have laboratories.
What they have are workshops and the materials that are needed for the training.
2.4.4 Difference between the Universities and CNEFP

The main difference between the universities and CNEFP is from the way they conduct their
lessons. CNEFP are practically driven, rather than theoretically driven. The universities on
the other hand are theoretically driven by lectures; they focus more to the academic part of
WatSan without supporting lecture topics with practical sessions. Thus students of the
universities may not have basic practical information when they are faced with real life
problems involving WatSan; unlike the junior technicians trained at CNEFP who are
practically driven by solving real life WatSan situations in East Timor.

In addition, the labs at the universities are minimal at the moment; they are still lacking on
basic resources like furniture. The laboratory is also limited on equipments to support water
and sanitation experiments; and currently, there are no laboratory experiments being
conducted that relate to water and sanitation related topics. And truth be told, most classes at
UNTL use no textbooks, because books are not readily available in East Timor, and are
expensive when one can find them (Gabrielson, 2002).

As of 2010, donations after donations in the form of books, furniture, computers, and even
money, were seen pouring in to UNTL and DIT, with much of it came from AusAID. Since
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then, UNTL and DIT has been slowly improving in its teachings, and curriculums. However,
much more improvement is needed in the laboratory lessons and classes.
2.5

Laboratory Classes

Hazel and Baillie (1998) described laboratory works as the “hallmark” of students‟ education
in “science and technology based fields”. Many of students‟ unforgettable learning
experience come from the laboratory classes and experiments that they did (Hazel and
Baillie, 1998). While some lab classes may be unforgettable and fun, there are other lab
exercises that are long and dull; and thus, we may not fully understand about the particular
topic (Hazel and Baillie, 1998). In this study, section 2.5 till 2.7, are exclusively aimed at
teachers.
2.5.1 Laboratory Class has Aims and Outcomes

In order to teach and assess a laboratory class successfully, it is vital to understand the aims
and outcomes of an experiment. A good and solid experiment starts with an assumption, or an
idea, or a hypothesis (Brogan, 2010). From here, we can then produce the specific aims of the
experiments, and the learning outcomes that we want the students to get out of those
experiments. In this study, fluid mechanics (water and sanitation) are the specific subject for
the experiment.

Here are some basic important aims and outcomes of laboratory classes:

1) To support and reinforce theory presented in lectures by providing students with
hands-on experiments
2) To Improve students‟ understanding of a subject via an experiment
3) To develop students‟ skills such as measurement, observation, recording, problem
solving, presentation, and a long list of important academic and professional abilities
4) To increase students‟ practical knowledge and experience
5) To develop students‟ imagination and creativity
6) To enthuse students with the subject
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All these aims and outcomes are important for the students‟ practical experience and personal
development. Thus it is much emphasised that all laboratory classes must have some of these
important aims and outcomes. From these attributes, a decent report can then be produced by
the students.
2.5.2 Different Types of Laboratory Exercises

According to Hazel and Baillie (1998), there are four different types of laboratory exercises
with different ways of presenting the lessons to students. These are: controlled exercises;
demonstrations; experimental investigations; and projects. These laboratory exercises have
different motives and intentions depending on teacher‟s control and on the level of “students‟
autonomy” (Hazel and Baillie, 1998). Table 2-1 below depicts the level of openness for
scientific enquiry in different laboratory exercises (Herron, 1971; Boud et al, 1989; cited in
Hazel and Baillie, 1998).
A demonstration doesn‟t necessarily need to be performed in a science laboratory; in fact, it
can be performed in lecture, tutorial or computer lab (Hazel and Baillie, 1998). The basic idea
of a demonstration is to illustrate an important concept, reaction; or to show some equipments
and how they work (Hazel and Baillie, 1998). Most demonstration can be pretty boring, but it
is still the cheapest way as it is run by one person, the teacher (Hazel and Baillie, 1998).

Controlled exercises on the other hand are the most common form of student exercises (Hazel
and Baillie, 1998). Hegarty-Hazel (1990) noted that students are more attentive on following
instructions, carrying out “manipulations and discussions with low-level questions and
answers”. However, it‟s often thought that students don‟t like controlled exercises as they
find them boring and unexciting; simply because some of these exercises don‟t interest the
students at all (Hazel and Baillie, 1998).

One thing to note; both demonstration and controlled exercise are activities which are entirely
designed by the teacher, and therefore, students have no say in these exercises, but to follow
the teacher (Hazel and Baillie, 1998).
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The basic meaning of the term “investigation” is “study”; in other words, to investigate is to
study. Thus experimental investigation is an exercise where students take their own initiative
to study and uncover a certain scientific problem with less supervision from the teacher
(Hazel and Baillie, 1998). The aim of the exercise is always given by the teacher, but students
will have to take some ownership or the lead in the investigation; and from here they will
then gain scientific skills such as planning, and the design of the experiment (Hazel and
Baillie, 1998).

Experimental investigation can be divided into two categories: structured and unstructured
investigations. In structured investigations, teachers can still decide on whether to give the
materials and methods to students, or not (Hazel and Baillie, 1998). In structured
investigations, the teacher only gives the students the aim, and giving the students more
control to deal with the materials, methods and enquiry themselves (Hazel and Baillie, 1998).

It should be noted though that this exercise requires thorough planning and budget to run
them (Hazel and Baillie, 1998). For this reason, it is always observed that “the risk is too
high” in making this exercise; or “only the best students” can cope with this exercise; some
teachers are also uncomfortable with the “loss of control” in the exercise, and letting the
students do all the work (Hazel and Baillie, 1998). However, this form of exercise can
increase students‟ independence, motivations, and their general skills.
Project is a huge part of students‟ education. It represents a real challenge, involvement, a
sense of responsibility, independence, and achievements (Hazel and Baillie, 1998). This is the
stage where students can apply whatever they have learnt into the project. Also, it is crucial to
dedicate some considerable amount of time when assigning students a project; usually from a
few weeks or even a year (Hazel and Baillie, 1998). This is because they have to complete
the job on their own with very minimal supervision from the teacher.
Most of the time, projects are engaged during the final year of students‟ education as it is
believed that the student has a better knowledge of the subject (Hazel and Baillie, 1998).
Projects involve major pieces of work that let the students to take full responsibility of the
whole thing. The project‟s topic may be offered by the supervisor, or it may be selected by
the students themselves, according to their interests and abilities (Hazel and Baillie, 1998).
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But in any case, students are expected to find out the aim, material, method and the answer of
the project on their own.

There are many benefits of a project, and very few drawbacks (Hazel and Baillie, 1998). For
one thing, this type of exercise is done individually and it‟s very likely that the students will
gain unique and valuable learning experience from this exercise; while accepting the
responsibility of making sure that the project is finish on time (Hazel and Baillie, 1998). One
of the very few drawbacks of a project is that it can be a bit risky at times (Hazel and Baillie,
1998). The fact that a project is a major form of students‟ assignment tells the teacher that it
needs to be frugally planned to benefit students‟ learning experience (Hazel and Baillie,
1998).

Table 2-1: Level of Openness in Different Laboratory Exercises

Type of Laboratory
Classes

Level of
Scientific

Definition of level

Enquiry
Aim

Material

Method

Answer

Demonstrations

0

Given

Given

Given

Given

Controlled exercises

1

Given

Given

Given

Open

Given all
Structured investigations

2

Given

or part
given

Unstructured
investigations
Projects
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Part given
or open

Open

3

Given

Open

Open

Open

4

Open

Open

Open

Open
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2.5.3 Things to Note about Laboratory Classes

It is important to note that higher education these days stresses more on learning rather than
teaching (Hazel and Baillie, 1998). Research has shown that students‟ outcomes in the
laboratory is determine by what the students do and think in the classroom; it‟s not the
teacher‟s texts and activities that will affect students‟ outcomes in the laboratory (Hazel and
Baillie, 1998).
“Students should feel that they have learned and achieved something from the experiment
that was set up, so that they will experience a sense of responsibility and independence when
doing the experiment” - Hazel and Baillie, 1998.

But be careful, laboratory classes can also be a waste of time, money and negative experience
for students (Hazel and Baillie, 1998). These negative experiences are common among the
first and second year students where they were thought in the old traditional controlled
exercises in their laboratory classes. On the other hand, Hazel and Baillie (1998) noted in
their book that good laboratory experiences came mostly from students who part take in an
“investigative nature” sort of experiments; these experiments are usually projects carried out
in the third or final year of students‟ university education.
2.6

Traditional Learning Vs Modern Learning

According to the traditional Chinese people, the conventional way of learning is the
“Confucius” style of learning, where the teacher knows best. Whitehead (1967) somewhat
elaborated this by saying that, the teacher transfers to the learner large quantities of “precise
knowledge, inert and unutilised” which is later reproduced by the student to pass exams for
“pleasing the teacher”.
While “Confucius” style of learning is still practiced in some parts of the world, it is
definitely not recommended for students of this generation, especially university‟s students.
Basically, modern learning is the exact opposite of traditional learning – where the student
knows best. A good education is one that teaches a student to think, and create the desire for
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students to learn (Hazel and Baillie, 1998). Thus it is important to set up good experiments
and activities that involve student‟s participation and a real challenge.
However, just by doing things in the lab doesn‟t mean that a student will get a decent learning
experience (Hazel and Baillie, 1998). Students should be encouraged to take a deep approach
in learning where they are challenge to “make sense of the ideas and concepts to be learnt”,
while finding the balance between “components and tasks” (Hazel and Baillie, 1998). Deep
approaches are related with “self direction” and developing “student autonomy” (Candy,
1991; cited in Hazel and Baillie, 1998).

Hazel and Baillie (1998) explained this deep approach learning in the context of laboratory
learning:
“In the laboratory, this may mean a student will carry out procedural steps, use equipments,
and take measurements all the while relating these to the concepts involved and the
hypotheses being tested.” - Hazel and Baillie, 1998, pp 26.

Therefore, schools that used this deep approach learning will provide students with thorough
observation of the specific topic; in other words, how an individual make sense of something
(Janes et al, 2003; Ramsden, 1992).

2.7

Hands-on Experiments

One of the aims of this study is to develop hands-on laboratory experiments that are
appropriate for the universities, lecturers, and eventually, the students. Most of the times than
not, hands-on experiments are always interesting by nature as it is an experiment that
involves real life problem, that somehow links directly to the textbook or the topics covered
in lectures.

In his journal, Gabrielson (2002) shared his experience when trying to make experiments for
students and teachers in East Timor. He stressed that:
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“Good activities must have a close connection to local culture and life and use only the most
readily available materials” – Curt Gabrielson, 2002, pp 139.

During the first few months of his stay in East Timor, he described how he was struggling to
find materials needed to make an experiment due to the limited availability of items in the
country:
“My large repertoire of science and math activities from the United States was severely
limited by availability of supplies in East Timor, and I began to search the streets, forests and
garbage dumps to determine what was out there waiting to be used in an experiment. I found
banana leaves, palm fronds, bamboo, rocks, and various seeds and leaves from the forest;
candles, rubber bands, gum balls, balloons, marbles, food colouring, and tiny straws all for
under ten cents at local shops; and limitless 1.5 litre water bottles and aluminium beer cans
in garbage piles courtesy of the United Nations.” – Curt Gabrielson, 2002, pp 139.

From those items that he collected, he then gave some examples of his science experiments
that he created. Figure 2.1 to 2.5, depicts some of the experiments.

“Playing guitar could be East
Timor’s national pastime. If you
bite a guitar as it is strummed,
you can learn something about
where the sound comes from.” –
Curt Gabrielson, 2002, pp 147

Figure 2-1: The Guitar Experiment
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“A couple of crackers and some
rice porridge make a model of
plate tectonics that you can use to
explain earthquakes and nearby
volcanoes. The model can be
eaten when you’re done.” –
Curt Gabrielson, 2002, pp 148

Figure 2-2: The Porridge-cracker Experiment

“What happens if you turn on
your radio then stick it in a pot
and put on the lid? Try it!” –
Curt Gabrielson, 2002, pp 148

Figure 2-3: The Radio Experiment

“Making and playing a bamboo
slide whistle gives great insight
into the concepts of frequency,
wavelength and resonance.” –
Curt Gabrielson, 2002, pp 147

Figure 2-4: The Bamboo Slide Experiment
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“With aluminium foil from a box of
clove cigarettes and a couple of
batteries pilfered from the family
flashlight you can illustrate the
principle of a fuse.” –
Curt Gabrielson, 2002, pp 148

Figure 2-5: Principle of a Fuse

After coming up with those activities, he sent prototypes of those experiments and did a trial
at UNTL and the “Baucau” Catholic High School; students were delighted at the opportunity
to learn directly from his experience, rather than texts or a lecture (Gabrielson, 2002).

However, behind those joyful moments, Gabrielson (2002) noted that, hands-on education
requires more preparation, and “any sort of new method requires courage and confidence”.
This is possibly because it is time consuming and requires a little bit of creativity to come up
with an experiment that involves real life problems while still links directly to the lecture
topics. Nevertheless, how to teach with hands-on lessons is best learned by doing hands-on
lessons too (Gabrielson, 2002).
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Chapter 3: Methodology
This chapter explains the methodology used in this study. Since this is a research project,
most of the methods that were used in this project were simply reading and browsing through
numerous literatures from, articles, AusAID reviews of East Timor, to curriculums review of
the universities, and to the personal experiences in finding the ideas to make the experiments.
3.1

Review of AusAID

A review of AusAid on East Timor was reviewed prior to the completion of this thesis
proposal. The review includes literatures such as: “Annual Program Performance Report for
Timor-Leste Program (2008)”; Australia–Timor-Leste Country Strategy (2009); and
Australian Aid to Water Supply and Sanitation Services in East Timor and Indonesia (2009).
3.2

Curriculum Review of UNTL and DIT

The Civil Engineering curriculum structures of DIT were reviewed along with AusAID
literatures. It was also done prior to the completion of this thesis proposal. Personal
communications via emails were also done to the following people:


Mr Ruben Soares – Vice-Dean of UNTL



Ms Carla Da Costa – A lecturer at DIT



Mr Simao Barreto – Director of CNEFP



Alice Lecocq – Doing a project with EWB

The following details were requested from those people:

1) The lecture topics in the fluid mechanics subjects,
2) Details of other subjects that may be related to fluid mechanics, e.g. hydraulics, water
supply, pipe flow, etc, and
3) Photographs of UNTL‟S and DIT‟s laboratories, equipment, students in the
laboratory, and anything else you think would be relevant

25

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor
3.3

2010

Personal Experiences

After reviewing and learning Gabrielson‟s (2002) experiences in East Timor, there is a real
challenge in this study that needs to be overcome. The real challenge in this study is to design
an experiment that requires minimum manpower and budget (<$100); that is concise, simple
and practical; that relates to WatSan; and more importantly, it has to be suitable for use at
both universities.

So with those criteria in mind, and just like what Curt Gabrielson (2002) did, I began to
search the hydraulic labs, streets, my house, shopping centres, and even movies, just to find
out whether there was something for me to use in an experiment, or not. The basic idea here
was to find something readily available and simple to make because there was not much time
left in the semester (about 3 months).

Besides that, I browsed through numerous articles on fluid mechanics Laboratory
Experiments ideas and set ups, through search engines such as: “Google” and “Yahoo”. I also
looked in to some key concepts on fluid mechanics in “Wikipedia”, and many videos on
“YouTube”, hoping to find some inspirations and ideas that would fortunately bounced off in
my head. Finally, I looked back on my fluid mechanics notes and assignments that I did last
year (in 2009) to get more inspirations and ideas.
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Chapter 4: Results
This chapter provides detailed information on the results of the literature reviews, the
proposed experiments, and the laboratory manuals. Due to time constrained in the semester, it
was really unfortunate that no prototypes were made for experiment 2; in other words,
experiment 2 was neither built nor tested. However, it was sophisticatedly designed to ensure
its reliability and utility for both universities.
4.1

Review of AusAID

It has been established in section 2.5.1 that fluid mechanics is the main topic concern in this
study. The Australian Agency for International Development (AusAID, 2009) discussed the
coverage rates for water and sanitation for East Timor in table 4-1 below.

Table 4-1: Sector coverage for East Timor (World Health Organization coverage (%) in 2004)

Water Supply

Rural
Urban

56%
77%

Sanitation

Rural
Urban

32%
64%

Source: WHO (Retrieved from AusAID on 21st April 2010)

Looking at the table above, we can conclude that the rural areas are still lacking in water
supply and sanitation than those living in the urban areas. In addition, the sanitation coverage
is behind water supply coverage in both rural and urban areas (AusAID, 2009). With this in
mind, Australia is committed to improve access to clean water and improving sanitation
standards in rural areas (AusAID, 2010).

In East Timor, the major problem facing the WatSan sector is the extreme low level of
operation and maintenance. AusAid (2009) believed that the coverage in East Timor has
fallen since 2004 due to a high rate of population growth and an increase in the number of
poorly functioning water supply. There were also sanitation facilities that were not fully
utilised due to insufficient maintenance and “lack of hygiene promotion activities” (AusAID,
2009).
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AusAID (2010) claimed that since 2002, Australia has provided more than 90,000 people
with access to new and improved water systems. Currently, East Timor has a population of
1,134,000 people (UNDESA, 2009); thus that implies that roughly, only 8 percent of East
Timorese get this access to new and improved water systems. There is still much to be done
to satisfy the remaining 1,044,000 people.
4.1.1 Summary of Australian Support

The Australia Timor-Leste Country Strategy 2009-2014 covers four areas of assistance:

1. Improving maternal and child health
2. Supporting young men and women to get jobs
3. Increasing agricultural productivity
4. Supporting government to build a more accountable and effective public
service and a safer community through policing.

There has been a 25 percent reduction in child mortality over the last six years. Out of this 25
percent, Australia had contributed 14 percent to this reduction by increasing the number of
children who are less than one year old to get vaccinated against measles. AusAID (2010)
stated that, “a woman in East Timor is a hundred times more likely to die giving birth than if
she was giving birth in Australia - a gap that simply must be closed”. Thus Australia is
working with East Timor‟s Ministry of Health and other donors to help more people see
skilled health workers more often.
Australia has helped create nearly 150,000 days of employment through “labour intensive
works” such as road and canal reconstruction (AusAID, 2010). Almost 700 kilometres of
roads were repaired; this helps the rural people to get to the markets to sell their goods, and it
is now easier to go to the clinics and schools (AusAID, 2010). The road maintenance had
provided works to about 18 percent of youths.

There are certain times within a year when farmers experienced periods of hunger in the
country due to the low productivity in the nation‟s staple food crops (AusAID, 2010). Along
this line, Australia has been working with East Timor‟s Ministry of Agriculture and Fisheries
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to provide farmers with higher yielding varieties of staple food crops including “maize,
cassava, sweet potato, rice and peanuts” (AusAID, 2010). With this assistance, there has been
a 23 percent to 80 percent increase in crops yields for 2500 farmers in the nation (AusAID,
2010).

Australia has also been supporting the development of a safer community by establishing a
more effective and reliable police service in East Timor (AusAID, 2009). The institutional
values and behaviours established within the government structure will guarantee
professional police services (AusAID, 2009).

By 2014, AusAID (2009) described what it will achieve in East Timor:
“In 2014 Timorese will be receiving better health services, with a drop in maternal mortality
rates. More people will have access to water and sanitation. More youth will have jobs. And
productivity in agriculture and other private enterprises will have increased. In 2014, there
will be less need for expensive foreign advisers with the Government better equipped to
implement its own development plans. Moreover, the means will exist to demonstrate how
Australian support has contributed towards these outcomes.”

Therefore, Australian support in East Timor has actually succeeded in reaching some rural
areas, at extremely remote locations where the poor communities are (AusAID, 2009).
Decreasing poverty, improving health care, and ensuring “gender equality”, indicate the
primary aims for Australian support to East Timor (AusAID, 2009).
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Curriculum Review of UNTL and DIT

In this curriculum review, only DIT‟s civil engineering curriculum was available to be
reviewed. It was really disappointing to find out that UNTL‟s curriculum was not readily
available due to some communication break-down with the UNTL counterpart (Chapter 5,
section 5.2). However, it is highly believed that UNTL and DIT have the same curriculum
structures, and both universities do not offer WatSan course in their engineering degree.
4.2.1 DIT’s Civil Engineering Curriculum Review
After a thorough review of DIT‟s civil engineering curriculum (appendix 2 – courtesy of
Alice Lecocq) , it is perfectly clear that DIT does not has specific WatSan engineering course
offered; rather, components of WatSan are incorporated into each discipline with civil
engineering being the most heavily WatSan related. These WatSan units are only available
during the second year of an undergraduate study.

The first year of the degree relates more to some basic stuffs of engineering, such as:
calculus, physics, chemistry, computer programming, etc; also, interestingly enough, the first
year units cover languages: Tetum, Portuguese and English. This may be done to get some
sort of linguistic uniformity within the country; and perhaps to be a multilingual nation like
Singapore, where Tetum would be the medium of instruction in all East Timorese schools
and institutions. In a way, the first year units are like a mixture of college subjects and
university subjects; there are altogether 19 units (subjects) in the first year of the study.

The second year of the degree has a mixture of civil engineering units and some WatSan
units, with the civil units dominating most of it. There are 18 units in the second year, and
only five of these are WatSan related units. It‟s like 70% civil units, and 30% WatSan units.
WatSan related units in the second year include fluid mechanics, hydraulics, hydrology,
environmental engineering, and water supply engineering.
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The third year of the degree has a whopping 20 units, with only 3 units of WatSan topics in it.
These three units are: irrigation and hydro infrastructure, drainage systems, and water
resources engineering. The fourth year of the degree has 12 units, and no WatSan units in it;
it‟s all purely civil engineering units, with a final year project and an internship (practical
industrial training) attach in it.
From the way it‟s being structured, it is apparent that DIT‟s civil engineering curriculum has
too much units cramped-in for a four-year undergraduate degree. It‟s unclear if these units are
compulsory units or elective units; it is not clearly defined. However, when compared to the
University of Western Australia‟s (UWA) engineering curriculum, each year, most students
from the engineering course only study 8 units a year; this is two times less than what they
are doing.

Hence, there may be some form of curriculum weeding that need to be done here. But then
again, it is unclear if this DIT‟s civil engineering curriculum was a carried over from the
Indonesian curriculum or not, it is not specified. This is because Gabrielson (2002) noted that
the curriculum carried over from Indonesia‟s education system, was “bloated”. There were
just too much units for a four-year undergraduate degree.
Another important point that is not clearly defined in the units‟ curriculum is the topic in each
unit. Are they bloated too? If there were too many topics for the teachers to teach, teachers
may not find the time to present hands-on activities to the students in the midst of the tedious
theories (Gabrielson, 2002). Thus some of the lesser important topics would need to be
removed from the specific units and only then the laboratory lessons can be included in the
unit outline.
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4.2.2 UNTL’s Engineering Curriculum Review
This information was taken from UNTL‟s library website (UNTL Library Project, 2005),
where it defines the courses offered by the university and the units that are available in the
specific course. However, this information does not cover the full detail like in the previous
section (section 4.2.1). Thus not much coverage can be written here.

In any case, it is obvious that UNTL has engineering courses offered; these are mechanical
and civil engineering (UNTL Library Project, 2005). The units that are covered by these
courses are listed below.


Introductory and advanced physics, mathematics and chemistry,



Mechanical, electrical and civil engineering, domestic, business, civic, transport,
communications, industrial & agricultural technologies,



Building and construction, sanitation, water management, refrigeration and air
conditioning, solar energy, wind & water energy,



Telecommunications, information technology, computer networks,



Occupational health & safety, pollution and toxicology,



Industry & business

Just like DIT, UNTL‟s WatSan specific units are incorporated in the civil engineering units‟
outline; it can‟t be in mechanical engineering units‟ outline. Also, it‟s unclear whether UNTL
civil engineering units are as much as DIT‟s civil engineering units. However, Professor
Carolyn Oldham (supervisor of this project) believed that they both shared the same unit
structure, with DIT following on UNTL‟s civil engineering curriculum.
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Experiment Ideas
4.3.1 Experiment 1

There were many ideas and inspirations that were being considered for both experiments.
Many of these ideas were taken off from the internet, particularly on “YouTube”, where most
of the creative ideas came from. However, most of them were not right, and some could not
even be done within the time limit of the semester. For others, the idea just doesn‟t seem to
blend well with WatSan (fluid mechanics).

Hence, I needed to browse other references for the experiment ideas elsewhere and not from
the internet anymore. Interestingly enough, the idea for experiment 1 came from the most
unlikely source – my last semester‟s (2009) fluid mechanics assignments, assignment 3,
question 2 (figure 4-1). This was the assignment that Professor Greg Ivey gave to the class in
2009 when we were doing the fluid mechanics unit.
I thought that this particular question was so perfect to be true; because, here‟s a fluid
mechanic question about pipe networks that really relates to WatSan, which is suitable for
use by both universities, and can also be carried out with less manpower and budget.

Although it did not cover much of sanitation problems, at least it clearly depicts a situation
involving water related problems. In addition, from the looks of the diagram, it is not difficult
to create this experiment. A handy plastic buckets and simple piping and fittings can be
bought from the supermarkets, without having to spend much money. Thus this was perfect.
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Figure 4-1: ENVE 3601 – Assignment 3, Question 2 (Ivey, 2009)

4.3.2 Experiment 2

The initial idea for experiment 2 came from a website article about gardening, about what
kind of soils would be best to keep a certain plant healthy. A further researched on soils via
“Wikipedia” led me to read an article on Septic Tank, a component of the septic system
where it is frequently used in small towns and rural areas. I thought that creating an
experiment involving septic tank would be perfect for the second experiment as it was related
to sanitation this time.
However, the real question was, “how to make it?”, “was it necessary to create a mini septic
system for experiment purposes?”, “if yes, how much is it going to cost?”, “where to get the
materials and equipments?” These were some of the questions that were needed to be
answered and clarified. Unsure about this experiment, I described this idea to Prof Oldham
and Dr Ghisalberti during our fortnightly meeting, and both of them were pretty interested in
the idea.
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Nevertheless, Prof Oldham warned me that it may not be feasible if a mini-septic system
were to be done for an experiment. This was because of the complex nature of the septic
system, and whether this experiment can be reproduced (remake) by both universities with
the same materials and equipments. None of us were sure about the availability of materials
in East Timor. Thus I had to think of another idea, simpler and feasible, that involves
sanitations.

Going back to the earlier research, I stumbled across a soil testing article from a gardening
website; this soil-testing was called the “Percolation Test”. Confused about the term, I looked
it up on “Wikipedia” again to learn the general knowledge and concept behind it. And I was
surprised to learn that percolation test was employed prior to the construction of a septic
system. It is a test to determine the ability of a soil to absorb water, by digging a hole (± 20
cm depth, ± 7 cm diameter), and then fill it up with water to its brim, and see how fast water
is being absorb into the soil. It‟s that simple.

I thought that this was a simple test that could be done in the second experiment, with less
budget and manpower. In every way, it was perfect. It was simple and concise; it was related
to sanitation (septic tank); and it was suitable for use at UNTL and DIT too. In addition, most
of the materials that were needed in this experiment should be readily available in East
Timor. Thus the second experiment has been set on testing the absorption rate of soils via
percolation test.
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Proposed Experiment 1

The first proposed experiment was a copy of figure 4-1. It was an exact replica of the diagram
above. Figure 4-2 below depicts the proposed experiment. The driving key principle behind
the first experiment is aimed at understanding water supply and pipe flow; we will look at
how the shape of a pipe with different fittings influences flow rate. The outcomes of this
experiment mainly talks about friction:

1. Friction restricts water flow in a pipe; thus as number of bends increases, flow rate
will decrease, and time taken increases
2. Friction due to head loss is unavoidable in the contraction pipe and 90 deg bend pipe
3. Pipe fittings also produces friction which slows down flow rate
4. Pipes with smooth inner walls, less bends and fewer fittings will deliver water faster
with higher flow

This experiment utilises three different shapes of pipes: straight pipe, constriction pipe, and a
ninety (90) degree bend pipe. All of these pipes are of the same length, at 50 cm each (figure
4-3). Two big jars will be used to serve as a reservoir (jar 1) and a storage tank (jar 2); they
will be fitted with valves at where the pipes are going to be built-in. Fittings and connections
will be used to create the sudden constriction, and the ninety degree bends in the pipes.

Figure 4-2: Proposed Experiment 1 (Pipe Flow)
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Figure 4-3: Three Different Pipes

How this experiment works is by filling water in jar 1 and see how long does it take for the
water to fill jar 2 with different types of pipes at a specific height (see figure 4-2). A table
will then be produced (table 4-2). Three different types of prototypes were then produced to
test the reliability of the experiment.

Table 4-2: Table of Properties (experiment 1)
Length of pipe
(cm)

Pipes

Area of pipe
(m2)

Time (s)

Velocity (m/s)

Straight pipe
Constriction
pipe
o
90 bend pipe
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4.4.1 Problems with Proposed Experiment 1

The materials and equipments that were needed in this experiment were purchased through
“Bunnings Warehouse”. I bought a 10 litre bucket, five 15 mm diameter poly-riser pipes, a 15
mm diameter ball valve, and the pipe fittings needed to create the bends and constriction.
However, just when prototype 1 was about to be created, I already encountered the first major
problem – the pipes can‟t be diagonally fitted to the bucket.

Take a look at figure 4-2, where we can see a diagonally pipe attached to both jars with ease.
Nonetheless, in real life, it will take an enormous amount of time and effort to connect the
pipe as it is (diagonally fitted). For that connection to happen, the whole experiment has to be
customised, and thus making it very expensive to be done. Judging by the initial budget of
less than $100, this proposed experiment was truly unfeasible.

Hence I had to go back to the drawing board and thought of another experiment that involves
pipe networks and can be feasibly done with less budget. Interestingly enough, the idea came
from the same source as before, it was in the fluid mechanics assignment 3, but this time
question number 3 (figure 4-4). So the final design concept for the proposed experiment 1
was revised to figure 4-5. This time, it wasn‟t an exact replica of from the assignment; minor
changes were made to the design in order to maintain the uniqueness of this experiment.

Here, the experiment focuses on finding the flow rate of the water that comes out from the
end pipe. Basically, a 600 ml beaker will collect the water coming out from the end pipe; a
stopwatch will be used to find the time taken to fill the beaker to its 600 ml capacity. After
which, the flow rate will be calculated by dividing the volume (of beaker) with the average
time taken (to fill the beaker).

It is thus very important to have the water level in the bucket at a constant level at all times,
so that constant pressure levels can be maintained. To do this, the tap has to match the
outgoing water from the end pipe, i.e. water coming in needs to be equalled to water coming
out. The table of properties, table 4-2 will still be used for this experiment.
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Figure 4-5: Final Design Concept for Proposed Experiment 1
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4.4.2 Prototype 1

Now that the design has been finalised, prototype 1 began its construction process. The cost
to make this prototype was $50.67, with most of the materials were purchased from
“Bunnings Warehouse”, except for the stopwatch and wooden block, which I found in the
hydraulic lab. These were the materials that were used in prototype 1:

1. 10 L bucket
2. Five poly-riser pipes of 15 mm ID and one 20 mm ID
3. 600 ml beaker
4. 15 mm ball valve
5. Pipe fittings and connections
6. Stopwatch
7. Wooden block

After completing and testing the prototype, there were pros and cons gathered from the
experiment. Let‟s start with the pros first.

1) Sturdy Design
2) Easy to set up
3) Pipe fittings were easy to use
4) Easy to change pipes

So what I liked from this prototype was the sturdy design of the whole experiment. The pipes
and fittings were really strong and well-built. In addition, these poly-riser pipes from
“Bunnings” were fitted with thread at both ends of the pipes. Thus it was really easy to set-up
this prototype; it was like assembling “Lego” pieces together. For this prototype, one person
was suffice to assemble the pipes and connected them to the bucket. The pipe fittings were
also very easy to use as they were fitted with thread too, making it easier to change to the
different shape of pipes required.
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Apart from all the good news above, this prototype had some very serious errors during the
test. Let‟s take a look at the cons of this prototype.

1. Pipe diameter were too big (15 mm)
2. Time taken: <3 seconds
3. Bucket emptied within a minute
4. Difficult to get constant water level
5. A little expensive

One of the major drawbacks of this prototype was the size of the internal diameter (ID) of the
pipe. At 15 mm, the diameter of the pipe was just too big to be used in this prototype. The
time taken to fill the 600 ml beaker was less than 3 seconds (straight pipe); and it only took
about 60 seconds to empty the whole bucket (8 litres of water). Thus, getting a constant water
level in the bucket was extremely difficult; the volume of water coming out from the pipe
was just too much, and could not match the volume of water coming out from the tap (even at
full power). In addition, at $50.67, I thought that this prototype was a little bit expensive than
I hoped for. Therefore prototype 1 was not feasible.

41

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

4.4.3 Prototype 2

Following failure of prototype 1, I learnt that the internal diameter size of a pipe really
influenced the whole the experiment. Thus for prototype 2, I was struggling to find pipes that
were less than 9 mm internal diameter. What made it more difficult was the fact that
“Bunnings” did not sell pipes that were less than 12 mm internal diameter. However, they did
sell clear plastic (vinyl) hoses that had an internal diameter of less than 9 mm.

So I purchased the hose in favour of pipes, along with its fittings. And because hoses were
bound to leak, I purchased Blu-tack and tapes to counter that. In addition, the hoses were
really fragile and “curly” (not straight), thus I bought plastic sticks so that I could wrapped
the hoses with the sticks (using the tape) to straighten the hoses. All in all, I spent $39.13 for
this prototype, roughly $11 cheaper than the first. Here were the equipments used in this
prototype:

1. 10 L bucket
2. Hoses of 8mm ID and 6 mm ID
3. 600 ml beaker
4. Sticks
5. Tapes
6. “Blu-tack”
7. Hose fittings and connections
8. Clamps
9. Stopwatch
10. Wooden block

At first, I really thought that this prototype would worked as I had found pipes (or hoses) of
smaller diameter. But turned out, it was not successful at all.
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In any case, here were the good points gathered from the prototype:
1. Hoses‟ internal diameter were ideal
2. Time taken was also ideal
3. Constant water level was achieved
4. Cheaper

Clearly, the first thing that I liked from this experiment was the size of the internal diameter
of the hoses. They were ideal. The time taken to fill the 600 ml of beaker was ideal too, not
too fast, not too slow (19.41 seconds for straight hose); unlike the first prototype where it was
filled in less than 3 seconds. Due to this, constant water level in the bucket was achieved with
less difficulty; the water coming in to the bucket (from the tap) could match the water coming
out from the hose. Another good point here was that this prototype was a lot cheaper than the
first.

However, there were some serious drawbacks of this prototype too:

1. Flimsy design
2. Difficult to set up
3. Water leaks were inevitable
4. No valve
5. Changing hose was tough

It became very apparent that this prototype was very flimsy designed. It looked like it was
about to fall any moment, even with the clamps holding it down in place. This was due to the
nature of the hoses; they were wrapped up in circles when I bought them, so when the
wrapper was off, it was extremely difficult to straighten them up. They were “curling”. I
bought some plastic sticks (like “satay” sticks) so that I could wrap the hose around it with
tapes. However, even with the tapes wrapped around the hose and sticks, they still looked
bended.
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Generally speaking, it was very difficult to set this experiment up. I asked my friend to help
me out with this prototype; I could not do it alone. Also, the time taken to set up this
prototype was very long, roughly three days. And when the experiment was up and running,
water leaks became a major issue in the lab; they were practically leakage in all the joints and
connections. I almost finished half of the blu-tack that I bought just for this experiment. In
addition, changing the hoses was a tough job in this experiment (we had three different hoses
– straight, 90 degree bend, and constriction). Every time we tried to change it, leaks soon
followed, and our place became flooded with water.

Another negative point about this prototype was that, this experiment did not have a valve,
unlike the first one. So when changing the hose, my friend had to use his finger to literally
block the water from coming out of the bucket. Dr Ghisalberti was not impressed with this
situation. He wanted the prototypes to have valves so that the pipes could be changed and
fitted easily to the bucket, without having to use a finger. Therefore, all in all, prototype 2
was not at all feasible to be done.
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4.4.4 Prototype 3

Following the failure of prototype 1 and 2, I learnt that a suitable material was really
important for the success of an experiment. In this case, I needed a sturdy pipe that has an
internal diameter of less than 9 mm. However, finding the pipe itself was such a big
challenge. With time ticking down on the semester and “Bunnings” not having the pipe that I
wanted, there was only one thing I could do – thoroughly search the hydraulic lab, and hoped
that I would find a sturdy pipe with an internal diameter of less than 9 mm.

Miraculously, I found it! I found clear (transparent) acrylic pipes underneath one of the sink
in the lab, in big and small sizes. The bigger pipe had an internal diameter of 7 mm, and the
smaller pipe had an internal diameter of 4 mm; in addition, both pipes were sturdy as well. It
was just amazingly perfect.

So in prototype 3, I used back some of the equipments that were used in the previous two
experiments to save cost. And it did; this prototype cost $28.95, which was cheaper than the
latter experiments. Here were the materials used in this prototype:

1. 10 L bucket
2. Acrylic pipes of 7 mm ID and 4 mm ID
3. Fittings and connections
4. 600 ml beaker
5. 20 mm Ball valve
6. Pipe fittings
7. “Blu-tack”
8. Clamps
9. Stopwatch
10. Wooden block
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This time, I knew that this prototype would be the last one I made; I had all the suitable
materials needed and more importantly, I had the knowledge and experience from the latter
experiments. So I thought that it was very unlikely for this prototype to fail. And as it turned
out, I was true; there were more positive points than the negative points this time. These were
the positive points:

1. Sturdy Design
2. Relatively easy to set up
3. Pipe internal diameter were ideal
4. Time taken were also ideal
5. Constant water level was achieved
6. Pipe fittings were easy to use
7. Hardly any water leaks
8. Pretty easy to change pipes
9. More cheaper than the latter

Basically, the positive points above were actually the negative points from the latter
experiments. The problems encountered with prototype 1 and 2 were rectified in this
prototype. This experiment was sturdily designed and crafted; it was relatively easy to set up,
easier than prototype 2, but a little bit tricky than prototype 1. Nevertheless, one person
would be sufficed to run this experiment.

The acrylic pipes were amazing. Dr Ghisalberti was beaming when he saw the pipes. It was
very ideal for this experiment; the internal diameter was perfect, and the length of the pipes
was sufficient for this experiment. The time taken to fill the 600 ml beaker was also ideal,
averaging 20.31 seconds for the straight pipe (I ran the test 3 times for each different pipe).
And now that I had known the tricks of balancing the ingoing water from the tap, with the
outgoing water from the pipe, the constant water level in the bucket was easily achieved.
The pipe fittings for this prototype were again purchased from “Bunnings”. These fittings
really matched the pipe perfectly well. There was hardly any water leaking from this
prototype. But just to prevent any leakages during the test; I patched some blu-tack on to the
joints and fittings on the pipe to be safe (not as much as the second prototype though).
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This prototype was also fitted with a valve; I opted for the 20 mm ball valve this time as it
fitted the opening on the bucket perfectly well. Due to that, it was pretty easy to change and
connect the current and subsequent pipe to the valve. In addition, at $28.95, this prototype
was cheaper than the latter prototypes.

However, as perfect as this prototype looked, there would always be errors in an experiment.
No one can deny the fact that, “Nothing is perfect in this world”. And this experiment was no
exception. There were two negative points from this prototype:
1. Three constrictions from the bucket – extension pipe – valve – fitting – fitting – pipe
2. Apparent head loss in pipes

In this prototype, the way how the valve was put in place was by attaching a 20 mm ID polyriser extension from the bucket (8 cm length), and it was then fitted in to the valve. From the
valve, two fittings were used to connect the valve to the pipes. Figure 4-6 depicts the
constriction zone within the connection of the valve, from the bucket, to the acrylic pipe.

Now within those series of connections, there were 3 constrictions that were present in there.
These constrictions occurred at the 2 fittings that were connecting the valve to the main
acrylic pipe (see figure 4-6). These 2 fitting had internal diameters of 20 mm to 15 mm (the
20 mm ID connects valve, and the 15 mm ID connects the second fitting), for the first fitting;
and 12 mm to 12 mm (the 12 mm ID connects the first fitting, and the other 12 mm ID
connects the acrylic pipe) for the second fitting, respectively. The bucket, extension pipes,
and the valve had internal diameters of 20 mm throughout.

Hence, we can see that water will be travelling from a 20 mm ID to a 15 mm ID; from a 15
mm ID to a 12 mm ID; and from a 12 mm ID to a 7 mm acrylic pipe ID. Due to this, head
loss was very apparent in these series of connections, and also the pipe itself. So this was the
major drawback in this prototype. Nonetheless, this was the chosen prototype for the first
experiment involving pipe networks for UNTL and DIT.
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Figure 4-6: Constriction Zone

4.4.5 Experimental Set-up

All in all, there were three different pipes that were tested: straight pipe, 90 degree bend, and
constriction pipe. Three runs of testing were done on each of the different pipes. Figure 4-7 to
figure 4-9 depicts how the experiments were set up during the testing. The wooden block was
used to elevate the bucket to a higher ground so that the height difference between the beaker
(datum) and the water level (at the bucket) can be measured. The pipe (50 cm) together with
the valve and its fittings (20 cm) were 70 cm in length, in all three set-ups.

As it was said in the section 4.4.4, the experiment had three constrictions within the valve and
its connections, which resulted in an apparent head loss in those series of connections. The
pipe itself had some fair amount of head loss too. This caused the flow rate to be slower in
the experiment. Now assuming that the set up did not have any valve in it (meaning its 50 cm
length and 7 mm ID throughout), the flow rate would have been higher in this situation, as
calculated in section 4.4.6.
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Figure 4-8: Ninety degree bend pipe set-up

Figure 4-9: Constriction pipe set-up
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4.4.6 Straight-Pipe Set-up Data Sets

In the straight pipe set-up, three runs of testing were done to determine the time taken to fill
up the 600 ml beaker. These times were:


20.25 seconds – 1st try



20.50 seconds – 2nd try



20.19 seconds – 3rd try



Average – 20.31 seconds

Once the average time was known, the flow rate was then calculated using this formula:

The volume of the beaker (600 ml) had to be changed to „m3‟ in order to get the flow rate unit
in „m3/s‟. Thus it was divided by 1,000,000 (i.e. 1 m3 = 1,000,000 ml); and that gave a value
of „6 x 10-4 m3‟. This volume was a constant value that was used throughout the three
different set-ups.

Therefore flow rate equals to:

The diameter of the pipe here was 7 mm; this is equivalent to 0.007 m; thus the area of the
pipe equals to:
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Next the velocity was calculated:

Another calculation that was done was to find the total head loss in this experiment. The
Bernoulli‟s Equation (conservation of mass) was utilised here:

Where:


P = Pressure



= Density



g = Gravity



V = velocity



z = Height difference



hL = Head loss

There were a couple of assumptions that were brought up in this experiment. This was done
to simplify the calculative section in this experiment. In any case, these were the
assumptions:


Pressure was due to atmospheric pressure



This experiment was done in a very large tank

From the assumptions above, we could deduce that: P1 = 0; P2= 0; V1 = 0. And because the
beaker was placed at the datum, thus z1 = 0 as well; from the velocity calculation above, V2 =
0.77 m/s; from figure 4-7, z2 = 34 cm, or 0.34 m; and gravity equals to 9.81 m/s2. So when
these values were inserted to the formula, the total head loss was quantified easily:
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Therefore, in this straight pipe set up, total head loss was 0.31 metre. This value was almost
equivalent to z2 (0.34 m); which was pretty large. The next thing to be calculated was the head
loss in the straight pipe.

The calculation to find the head loss in the pipe was done by assuming that the set up did not
have any valve in it (meaning it‟s just an acrylic pipe of 50 cm length and 7 mm ID
throughout). The Bernoulli‟s Equation was again used to find the new velocity, the friction
factor of the pipe, and ultimately, a new flow rate.

From this equation, only the velocity was unknown. So in order to find an estimation of the
velocity, firstly, the assumptions that were described in the previous page (to find the total
head loss of the set-up) was used again here. Thus, after including all the assumptions, the
equation would look like this:

The total head loss in this set-up (assuming that it‟s an acrylic pipe of 50 cm length and 7 mm
ID throughout) were made up of the head loss in the pipe, and a head loss in the pipe entrance
(square mouth). From the fluid mechanics lecture notes that Professor Greg Ivey made in
2009 (chapter 3, pp 15), the formula for the head loss in the pipe and pipe entrance (square
mouth) were:
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Next, this equation was substituted to “hL” in to the equation above:

In this case,

is equivalent to

; therefore:

Secondly, a high Reynolds‟ number was assumed (turbulent flow); this was to find the
friction factor of the pipe from a “Moody” diagram. Also, the roughness (e) of the acrylic
pipe was needed to find the relative roughness (e/D) in a “Moody” diagram. So after a careful
research, it was found that the roughness for an acrylic pipe was 1.5x10-6 m. Thus the relative
roughness (unit-less) was equivalent to:

From here, the friction factor was deduced by drawing a straight line in the “Moody”
diagram, to match the relative roughness value to the friction factor value. In this case, the
friction factor was 0.014 (from “Moody” Diagram). Once this value was found, the estimated
velocity was then calculated in the following manner:
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After getting the estimated velocity value, the friction factor value was recalculated by
calculating the exact value of the Reynolds‟ number using the formula below:

The viscosity of water, „ν‟, was equivalent to 10-6 m2/s in this case. With the Reynolds‟
number calculated, the friction factor was quantified using the “Moody” diagram; here the
friction factor value was 0.03 (following the smooth pipes‟ line). After this, the estimated
velocity value was recalculated to find the exact value of the velocity.

Now that the exact velocity was found, the flow rate was calculated in this manner:

The flow rate value above was compared to the flow rate value from the experiment. Turned
out, this value was 1.8 times faster than the experiment.
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After that, the total head loss of the pipe was calculated in the following manner:

Therefore, the total head loss in the valve and its connections were:

Once those values had been calculated, the numbers were inserted in table 4-3 below. Table
4-3 was an amended version of table 4-2 to suit each of the set-ups in this experiment better.
Table 4-3: Table of Properties – Straight pipe set-up
Length of pipe (cm)

50

Average time taken (s)

20.31

Flow rate (m /s)

2.95 x 10-5

Area of pipe (m2)

3.85 x 10-5

Velocity (m/s)

0.77

Total head loss (m)

0.31

Total head loss in pipe (m)

0.25

Total head loss in valve and its connection (m)

0.06

3
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4.4.7 Ninety Degree Pipe Set-up Data Sets

In this set-up, three runs of testing were done to determine the time taken to fill up the 600 ml
beaker. These times were:


44.84 seconds – 1st try



45.41 seconds – 2nd try



45.41 seconds – 3rd try



Average – 45.22 seconds

The volume of the beaker in m3 was 6 x 10-4 m3. With this, the flow rate was calculated in the
same manner as the previous set-up.

The pipe area in this set-up was equivalent as in the precious set-up, where the area of the
pipe was 3.85 x 10-5 m2.

From here, velocity was determined in the same manner as before:

Next, the total head loss in this set-up was calculated (using the Bernoulli‟s Equation):
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The same assumptions were used here as well: the set-up was influenced by atmospheric
pressure and was done in a large tank. Therefore, P1 = 0; P2 = 0; V1 = 0; z1 = 0; z2 = 0.34 m; g
= 9.81 m/s; and V2 = 0.35 m/s.

Total head loss here equalled to 0.33 m. Next, the head loss in the pipe was calculated in the
same manner as the previous set-up, by assuming that the set up did not have any valve in it
(meaning it‟s just an acrylic pipe of 50 cm length and 7 mm ID throughout). The Bernoulli‟s
Equation was used here:

Again, an estimate value of the velocity was calculated like before. The same assumptions
were used back here. Thus:

The total head losses in this set-up were made up of the head loss in the pipe, a head loss in
the 4 ninety degree bends (fittings) and a head loss in the pipe entrance (square mouth). The
pipe itself had a unique design; it consisted of three horizontal pipes (16.67 cm each) and two
vertical pipes (20 cm each). So the formula from the fluid mechanics lecture note (Ivey,
2009) was used again here:
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The above equation was substituted in to the previous equation:

From the previous set-up, the relative roughness (e/D) of the pipe was 2.14 x 10-4.

Next, a high Reynolds‟ number was assumed (turbulent flow) to find the friction factor of the
pipe from a “Moody” diagram. Here, the friction factor was 0.014, the same value as before
(from “Moody” Diagram). The estimated velocity was then calculated in the following
manner:

After getting the estimated velocity, the friction factor value was recalculated by calculating
the exact value of the Reynolds‟ number using the formula below:

From here, the friction factor was re-quantified using the “Moody” diagram; here the friction
factor value was 0.034 (following the smooth pipes‟ line). With this, the estimated velocity
value was recalculated to find the exact value of the velocity.
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Now that the exact velocity was found, the flow rate was calculated in this manner:

The flow rate value above was compared to the flow rate value from the experiment. Turned
out, this value was 2.4 times faster than the experiment.

The total head loss of the pipe was calculated in the following manner:

Therefore, the total head loss in the valve and its connections were:

59

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor
Finally, those numbers above were inserted in table 4-4 below.
Table 4-4: Table of Properties – Ninety Degree Pipe set-up
Length of pipe (cm)

50

Average time taken (s)

45.22

Flow rate (m3/s)

1.33 x 10-5

Area of pipe (m2)

3.85 x 10-5

Velocity (m/s)

0.35

Total head loss (m)

0.33

Total head loss in pipe (m)

0.31

Total head loss in valve and its connection (m)

0.02
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4.4.8 Constriction Pipe Set-up Data Sets

In this set-up, three runs of testing were done to determine the time taken to fill up the 600 ml
beaker. These times were:


80 seconds – 1st try



80 seconds – 2nd try



79 seconds – 3rd try



Average – 79.67 seconds

The volume of the beaker in m3 was 6 x 10-4 m3. With this, the flow rate was calculated in the
same manner as the latter set-up.

There were two different sizes of pipes used here; one was the 7 mm ID and the other, a 4
mm ID. Therefore total pipe area in this set-up was:

From here, velocity was determined in the same manner as before:

Next, the total head loss in this set-up was calculated (using the Bernoulli‟s Equation):
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The same assumptions were used here as well: the set-up was influenced by atmospheric
pressure and was done in a large tank. Therefore, P1 = 0; P2 = 0; V1 = 0; z1 = 0; z2 = 0.34 m; g
= 9.81 m/s; and V2 = 0.15 m/s.

Total head loss here equalled to 0.34 m. Next, the head loss in the pipe was calculated in the
same manner as the latter set-up, by assuming that the set up did not have any valve in it
(meaning it‟s just an acrylic pipe of 50 cm length and 7 mm ID throughout). The Bernoulli‟s
Equation was used here:

Again, an estimate value of the velocity was calculated like before. The same assumptions
were used back here. Thus:

The total head losses in this set-up were made up of the head loss in the bigger pipe, a head
loss in the smaller pipe, a head loss in the constriction due to fittings, and a head loss in the
pipe entrance (square mouth). The pipe length in this set-up was 50 cm; 25 cm for the bigger
pipe, and 25 cm for the smaller pipe. So the formula from the fluid mechanics lecture note
(Ivey, 2009) was used again here:
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The above equation was substituted in to the previous equation:

From the previous set-up, the relative roughness (e/D) of the pipe was 2.14 x 10-4. But
because there were two different diameter pipes, a new relative roughness for the smaller
pipe was calculated along with the bigger pipe.

Next, a high Reynolds‟ number was assumed (turbulent flow) to find the friction factor of the
pipe from a “Moody” diagram. Here, the friction factor was 0.014 (bigger pipe) and 0.016
(smaller pipe) respectively. The estimated velocity was then calculated in the following
manner:

After getting the estimated velocity, the friction factor value was recalculated by calculating
the exact value of the Reynolds‟ number using the formula below. However this time, there
were two values of Reynolds‟ number due to two different diameters of pipes.

63

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

Therefore, following the smooth pipes‟ line in the “Moody” diagram, friction factor values
here were: 0.031 (for Re 1) and 0.037 (for Re 2). With this, the estimated velocity value was
recalculated to find the exact value of the velocity.

Now that the exact velocity was found, the flow rate was calculated in this manner:

The flow rate value above was compared to the flow rate value from the experiment. Turned
out, this value was 7.6 times faster than the experiment.

The total head loss of the pipe was calculated in the following manner:
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Therefore, the total head loss in the valve and its connections were:

Finally, those numbers above were inserted in table 4-5 below.
Table 4-5: Table of Properties – Constriction Pipe set-up
Length of pipe (cm)

50

Average time taken (s)

79.67

Flow rate (m3/s)

7.53 x 10-6

Area of pipe (m2)

5.1 x 10-5

Velocity (m/s)

0.15

Total head loss (m)

0.34

Total head loss in pipe (m)

0.28

Total head loss in valve and its connection (m)

0.06
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4.4.9 Discussion and Conclusion on Experiment 1

After the experimental testing, the results from table 4-3 to 4-5 were reviewed and analysed
in this section. There were a couple of things that were intriguing here, one being the flow
rate values and the other, the head loss values in the three different set-ups above. Take a
look at table 4-3 below.
Table 4-3: Table of Properties – Straight pipe set-up
Length of pipe (cm)
Average time taken (s)
Flow rate (m3/s)
Area of pipe (m2)
Total velocity (m/s)
Total head loss (m)
Total head loss in pipe (m)
Total head loss in valve and its connection (m)

50
20.31
2.95 x 10-5
3.85 x 10-5
0.77
0.31
0.25
0.06

The experimental flow rate here was 2.95 x 10-5 m3/s; but when calculated on an assumption
that the there was no valve in the set-up, the flow rate became 5.2 x 10-5 m3/s (section 4.4.6).
This showed that the experimental flow rate‟s (with the valve) was 1.8 times slower than
what it should have been if the pipe was 50 cm and 7 mm ID throughout.

The flow rate values for the other two set-ups also told the same stories. The ninety degree
pipe set-up at table 4-4 depicted a flow rate value of 1.33 x 10-5 m3/s when it should have
been 3.23 x 10-5 m3/s. This was 2.4 times slower. And similarly, from table 4-5, the flow rate
value for the constriction pipe set-up was 7.53 x 10-6 m3/s, when it should have been 5.71 x
10-5 m3/. This was 7.6 times slower.
Table 4-4: Table of Properties – Ninety Degree Pipe set-up
50
Length of pipe (cm)
45.22
Average time taken (s)
1.33 x 10-5
Flow rate (m3/s)
3.85 x 10-5
Area of pipe (m2)
0.35
Total velocity (m/s)
0.33
Total head loss (m)
0.31
Total head loss in pipe (m)
0.02
Total head loss in valve and its connection (m)

66

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

Table 4-5: Table of Properties – Constriction Pipe set-up
50
Length of pipe (cm)
79.67
Average time taken (s)
7.53 x 10-6
Flow rate (m3/s)
5.1 x 10-5
Area of pipe (m2)
0.15
Total velocity (m/s)
0.34
Total head loss (m)
0.28
Total head loss in pipe (m)
0.06
Total head loss in valve and its connection (m)

However, after doing thorough calculations on the head loss in the valve and pipe, the answer
above raised confusions and uncertainties. This was because the value of the head loss in the
valve and its connections was very small indeed (0.06 m). Thus, the predicament on the three
constrictions in the valve and its connections (section 4.4.5), that would slow down flow rate
in the experiment was untrue. In fact, it can be said that the head loss value in the valve was
negligible in this experiment.

On the other hand, the head loss values in the all the pipes were so much bigger than what we
predicted in the first place – that the pipe would contain less head loss than the valve. So if
the head loss in the valve did not account for the slower flow rate, then what could have
caused the slow flow rate values in the experimental data?

Well, here was the ultimate answer: the inner wall roughness of the pipes. In the calculation,
we assumed that the pipe was a smooth pipe, when in fact, when observed carefully, the inner
wall of the acrylic pipe looked misty and hazy. Those acrylic pipes found under the sink was
that, they were old and dirty. It was not clearly transparent like when you purchased a new
shiny piece of acrylic pipe for instance. Also, it looked like the pipe had been used for some
other experiments that may have roughened the inner wall of the pipe. Ultimately, wall
roughness produced frictions that restrict the velocity of the water in the pipe.

Hence, it is strongly believed that the wall roughness of the pipe was the major reason why
the experimental flow rate values were smaller than what it should have been, if the pipe used
was 7 mm ID throughout, with no valve. The valve had nothing to do with the flow rate in the
pipe. Even if it did, it would only affect it to a very small extent. The valve itself was an
important object in this experiment; it acted like a switch that controlled the volume of water
coming out from the bucket. Thus its presence could not be denied here.
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Furthermore, getting a valve that would fit for a 7 mm diameter was extremely difficult; there
were hardly any hardware shops that would sell one of those. And even if the valve was
available, it would need to be custom made, and custom fitted to each of the pipe. This would
cost much money and precious time to make.

All in all, it was really surprising to find out that most of the head loss occurred in the pipe
rather than in the valve. Earlier on, we had predicted that most of the head loss would occur
in the valve as there were three constrictions as depicted in figure 4-6. However, science
can‟t lie. Thus, this experiment proved to be a good one.
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Proposed Experiment 2

The second proposed experiment revolved around sanitation, in particular, the septic system.
The driving key principle behind the second experiment is aimed at improving sanitation. In
this experiment, we are not going to build a septic tank, but we will design an important
component of a septic system, which is used to determine the absorption rate of a soil – the
percolation test.

Unfortunately, because there was not enough time left in the semester, there were no
prototypes of the experiment made. As it was said earlier in this chapter, the experiment
designed here was neither built nor tested. However, the experiment will be sophisticatedly
design to ensure its reliability and its utility for UNTL and DIT. Hence, the focus here is on
designing a suitable experiment to test the absorption rate of a soil.

Generally, the outcomes of the experiment explain which soils would be best used for a septic
system; and these are:

1. A soil with a greater (faster) percolation rate can absorb more water
2. Water travels through sandy soils faster due to their bigger pore sizes
3. Loamy soils retain water better due to their grain mixture (sand, silt, clay)
4.5.1 Design Concept 1

Figure 4-10 below depicts the early proposed design concept of the experiment. Here, the
experiment utilises two jars; jar 1 is filled with soils and sludge water on top of it, and jar 2 is
used to collect the water that has been permeated through the soils tested. The bottom end of
jar 1 will have a small opening for filtered sludge water to land on jar 2.

Three types of soils will be used in this experiment: sandy, loamy and clayey soil. This
experiment works by filling jar 1 with one of the soils above, and sludge water to a definite
layer; and then see how fast sludge water is being absorbed by the soil, and see how clean the
sludge water is being filtered through the soil. A table will then be produced (table 4-6). So
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initially, the test was based on our observation from looking at jar 2 – on how clean the
sludge water will be filtered by the soils.
However, this concept brought up some enquires like “where do we get sludge water in
Perth?”, “will this be a feasible experiment just by observing jar 2?”, and, “how to change
into another soil after finishing with the first soil?” So there were many more questions that
were not answered, simply because there was little knowledge known about the percolation
test. Hence more research was done that led to design concept 2.

Table 4-6: Table of Properties (experiment 2)
Porous mediums
(soils)
Sandy Soil

Initial volume of
sludge water (L)

Time (s)

Cleanly filtered?
(yes/no)

Loamy Soil
Clayey Soil

Figure 4-10: Early Proposed Design Concept (Experiment 2)
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4.5.2 Design Concept 2

In this concept, the challenge was to simplify the previous concept and made the experiment
more feasible to be crafted by UNTL and DIT. Figure 4-11 below depicts the final design
concept for this experiment. This experiment test three soils: sandy, loamy and clayey soil.

The focus of the experiment here is to find the absorption rate and percolation rate of soils.
The absorption rate of soils measures how fast water is being absorbed by the soils; while the
percolation rate of soils measures how fast the water is moving through the soils.

In the design, bucket 1 is round in shape, and made of acrylic; it needs to be a transparent, so
that we can see the progress of the water flowing through the soil. This bucket also needs to
have a constant diameter throughout, so that the area can be easily computed. Here, the
internal diameter of this bucket is 20 cm, and it is of 35 cm long. So area here equals to:

An important feature of the bucket is the outer ring (figure 4-12); this acts like a „holder‟ to
place bucket 1 on top of bucket 2. Bucket 2 is pretty much a normal plastic bucket, which
“are easily find (in East Timor)”, according to Alice Lecocq‟s email.

One thing different from figure 4-11 as oppose to 4-10 was the inclusion of the gravels. The
gravels here are basically crushed stones of 5-15 mm diameter, and will be used to hold the
soils on top of it. This prevents the soils from dropping to the other bucket below. We cannot
allow any soils particulate to fall to bucket 2, as this will ruin the final volume of water in
bucket 2. We just want to see the water flowing through the soils, and finally into bucket 2.
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Figure 4-12: Outer Ring
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The other thing that was different here from the previous concept was that, this time, no
sludge water will be used. Just normal water will do. We realised that the focus of the
experiment here is how much water can be retained (absorbed) by the soil; and not how much
water will be cleanly filtered by the soil. Furthermore, getting the sludge water itself will be a
daunting and an unhygienic task, thus it is absolutely unnecessary to get a sludge water to run
this experiment.

The wire meshing is also a critical component of the set-up; it acts like a filter to prevent the
gravels from falling to bucket 2 basically. In order to fit the wire meshing in between the 2
buckets, one simply has to get a squarish wire mesh, size: 1 mm by 1 mm, or just enough size
for water to pass through. The mesh has to be longer than 20 cm in order to fully cover the
cross-sectional area of the buckets. Next, lays the mesh in between the top and the bottom
buckets, so that the mesh will be “sandwiched” between the buckets.

The total volume of the bucket is basically the area multiply by the length of the bucket:

Converting this to L (litres), we will have:

Consequently, with the volume of the bucket at 11 L, there was a need to specify how much
volume of water, soils and gravels were needed in bucket 1. So, the first thing that was done
was to estimate the height of water, soils and gravels to be distributed in the bucket. Now, we
knew that the total height of the bucket was 35 cm, thus we should not exceed that amount
when accounting for the height of those items.

Therefore, the height of each the following items were estimated according to the degree of
importance to the experiment. Here, we viewed the soil as the primary items among the three,
as it was the item that was meant to be tested; so we gave it a 15 cm height. The next
important item was the water, as it a secondary item that helped the primary item (soil) to be
tested; so we gave it 10 cm height.
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The gravels were viewed as the least important among the three as they had nothing to do
with the test. Here, the test is to know how much water can be retained by the soil; and the
gravels were put in placed just to prevent the soil from falling to bucket 2 below. So we gave
it a 5 cm height. The other 5 cm remaining will be used for spare. So all in all, we had
allocated 30 cm of height to the three items, with 5 cm for spare.

Next, with the height of all three items known, we would like to know the volume of the
items in respect to their heights. And with the diameter known, it was easily calculated. The
volume of the soil in the bucket was calculated in this manner:

Similarly for the volume of water and gravels in the bucket:

So the total volumes of those three items above were:
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With the full capacity in the bucket at 11 L, we definitely had a remainder; which was
amazing, because we did not want to exceed the volume in the beaker.

4.5.3 Experimental Set-up and Calculations

Now with the volumes of each item known, we can start the experiment to calculate the
absorption rate and percolation rate of soils. The experiment requires at least two people to
operate, one will not be sufficed. These are the equipments to be used in this experiment:
1. Transparent acrylic bucket (round) – 20 cm ID, 35 cm long
2. Regular plastic bucket
3. Wire mesh (1 mm by 1 mm) – preferably 35 cm long
4. Sandy soils – 5 L
5. Clayey soils – 5 L
6. Loamy soils – 5 L
7. Gravels (need to be replaced every time a new soil is tested) – 2 L x 3
8. Water supply – 3 L x 3
9. 2 Stopwatches
10. Ruler – 30 cm long

Assemble and connect all those materials so that it will resemble figure 4-11. First, test the
sandy soils, followed by the clayey soils, and finally the loamy soils. Loamy soils are a
combination of 40 % sand (2 L), 40 % silt (2 L) and 20% clay (1 L), mixed together. Make
sure that all soils are 5 L in volume. Also, it is a good idea to mark the water levels on both
buckets (1 L, 2 L, 3 L... etc), so that a good accurate reading can be taken.

Next, place a 30 cm ruler on top of the soil, then, fill bucket 1 with water up to the 10 L mark.
When it‟s at the 10 L mark, start one of the stopwatches. The first stopwatch will find the
time taken for the 3 L of water (in 10 cm height) to completely goes through the soils. This
result will be used to find the absorption rate of the soils.
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While one person can concentrate on the above, another person has to observe and measure
the drop in water level on the ruler. Here, the second stopwatch will time the time taken
required for water to fall one centimetre, in 10 minutes. The percolation rate is the average
time in minutes required for water to fall one centimetre. It is calculated by dividing the
number of minutes elapsed by the drop in centimetre. For example, the percolation rate for a
soil where the water level drops 2 centimetres in 10 minutes is:

After the water has permeated through the soils, measure the water level in bucket 2 below.
The water level in bucket 2 is called the final volume. The initial volume is the amount of
water supplied to bucket 1. From here, we can compute how much water the soil absorbs by
the formula below:

Once done with the calculations, the results can be inserted in table 4-7 below. Table 4-7 is a
remake of table 4-6 to better suit the experiment.

Table 4-7: Soil Properties Table
Porous

Initial

Time

Final

Water absorbed

Absorption

Percolation

mediums

volume (L)

(s)

volume (L)

by soil (L)

rate (cm/s)

Rate (min/cm)

Sandy Soil
Loamy Soil
Clayey Soil
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4.5.4 Discussion and Conclusion on Experiment 2

One of the drawbacks in this experiment is the waiting time that would be needed for water to
permeate through the soil into bucket 2. Water moving through clayey soils is more likely to
spend up to 4-5 hours in waiting time; and loamy soils could be in the range of 1-3 hours.
However, sandy soils is the fastest among the three soils tested, it may only take less than 30
minutes for water to pass through its particles.

Another drawback here is the need to change gravels after a soil is being tested. The gravels
from the previous soil testing would definitely be wet, and this will ruin the result of the
experiments for the other two soils, if they are not change. Thus, we want to make sure that
the gravels are dry and clean when a new soil is being tested. In a way, bucket 1 will need to
be cleaned and dried up before the next soil can be tested. This seems to be a waste of time.

For these reasons, it is highly suggested that the experiment be carried out in 3 days; one day
for each soil testing. It does not necessarily need to be three days straight, but it can be done
on any three days within a week. This would certainly help to decrease the drawbacks of this
experiment.

Now, even though there are no test results from this experiment. It is highly believed that
loamy soils will be the best soil to be used in a septic system. This is because of the diverse
mixture soils that made up this soil; a combination of 40 % sand, 40 % silt and 20% clay,
mixed together. Hence, they will be able to absorb and retain effluent water much better.

Sandy soils, having the biggest pore sizes, will absorb more water faster. However, having
the biggest pore sizes will also allow water to move quickly through the sand particulates. For
this reason, sandy soils will not be able to retain effluent discharge within the soil for too
long. It may eventually leak through the ground water table below, polluting it.

Clayey soils on the other hands, will find it hard to absorb water in the first place; this is due
to their small particulate sizes. Effluent discharge from sewers will not be able to move
through the soil particles quickly enough, and hence choking the septic tanks if more people
use the toilets for instance. Thus, loamy soils are a better soil to be used in a septic system.
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Lab Manuals
4.6.1 Experiment 1 – Pipe Shapes and Flow Rates

Aims

The driving key principle behind this experiment is aimed at understanding water supply and
pipe flow; you will look at how the shape of a pipe with different fittings influences flow rate.
Using the Bernoulli‟s Equation, you will then estimate head losses due to pipes, fittings and
connections, and the velocity.

Outcomes

1. Friction restricts water flow in a pipe; thus as number of bends increases, flow rate
will decrease, and time taken increases
2. Friction due to head loss is unavoidable in the contraction pipe and 90 deg bend pipe
3. Pipe fittings also produces friction which slows down flow rate
4. Pipes with smooth inner walls, less bends and fewer fittings will deliver water faster
with higher flow

Background

1. Set-ups and Equipments

There are three set-ups to this experiment. The experimental set-ups are shown in figure 1 to
3 below. Figure 1 depicts the straight pipe set-up; figure 2 depicts the ninety degree bend pipe
set-up; and figure 3 depicts the constriction pipe set-up. The experiment focuses on finding
the flow rate of the water that comes out from the end pipe. Basically, a 600 ml beaker will
collect the water coming out from the end pipe; a stopwatch will be used to find the time
taken to fill the beaker to its 600 ml capacity. After which, the flow rate will be calculated by
dividing the volume (of beaker) with the average time taken (to fill the beaker).
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This experiment utilises three different shapes of pipes: straight pipe, constriction pipe, and a
ninety (90) degree bend pipe. All of these pipes are of the same length, at 50 cm each (figure
4); these pipes are connected to a valve (and its connections – 20 cm length), extending the
length to 70 cm. The pipe has an ID of 7 mm throughout; and a smaller pipe of 4 mm ID.
This smaller pipe is used in the constriction set-up to create the sudden contraction for the
experiment.

A bucket will be used to serve as a reservoir; it will be fitted with valves at where the pipes
are going to be built-in. Fittings and connections will be used to create the sudden
constriction, and the ninety degree bends in the pipes. These are the equipment list for each of
the set up:

1. 10 L bucket
2. Transparent acrylic pipes of 7 mm ID and 4 mm ID
3. Fittings and connections
4. Hacksaw
5. 600 ml beaker
6. 20 mm Ball valve
7. Pipe fittings
8. “Blu-tack”
9. Clamps
10. Stopwatch
11. Wooden block

Water is supplied from a tap to the bucket (from top opening), and filled to the 8 L mark. The
valve and its connection are connected to the lower opening on the bucket. Once the valve is
open, water will flow through the pipe and falls to the 600 ml beaker. It is very important to
maintain the water level in the bucket constant at all times, so that constant pressure levels
can be maintained. To do this, the tap has to match the outgoing water from the end pipe, i.e.
water coming in needs to be equaled to water coming out. The wooden block is used to
elevate the bucket to a higher ground so that the height difference between the beaker
(datum) and the water level (at the bucket) can be measured.
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Figure 1: Straight Pipe Set-up

Figure 2: Ninety Degree Bend Pipe Set-up
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Figure 3: Constriction Pipe Set-up

Figure 4: Three Different Shapes of Pipes
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2. Pipe Flow and the Bernoulli’s Law

The flow through a round pipe is characterized by the discharge velocity, V; the pipe
diameter, D; the kinematic viscosity, ν; and the pipe wall roughness, e. All the properties of a
flow rate are determined by these parameters. Pipe flow is governed by an important equation
called the Bernoulli’s Equation; it states that, for a non-viscous, incompressible fluid in
steady flow, the sum of pressure, potential and kinetic energies per unit volume is constant at
any point.
The Bernoulli‟s equation is derived from the conservation mass; and in reality, mechanical
energy is lost to friction in pipe flow. Thus we have to consider the losses using the
Bernoulli‟s equation. In between any two points „1‟ and „2‟; the equation is written as follow:

Where:


P = Pressure



= Density



g = Gravity



V = velocity



z = Height difference



hL = Head loss

The head loss term here refers to the energy lost due to friction between points „1‟ and „2‟. In
this experiment, we use the above equation to calculate velocity and head loss, given that the
elevation z, here = 0.34 m. Apart from that, there are assumptions that were considered in this
experiment:


Pressure was due to atmospheric pressure



This experiment was done in a very large tank
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From the assumptions above, we could deduce that: P1 = 0; P2 = 0; V1 = 0. And because the
beaker was placed at the datum, thus z1 = 0 as well. Thus it can be simplified that the LHS
(left hand side) of the equation equals to zero:

Even though the Bernoulli equation has many severe restrictions, it is still very useful, partly
because it is very simple to use and partly because it can give great insight into the balance
between pressure, velocity and elevation (z).

3. Head Loss

When a fluid flows through a pipe, energy is lost due to friction at the pipe walls. The head
loss in pipe due to friction (hL) is determined by the Darcy-Weisbach equation:

Where,

is the friction factor and is a function of Reynolds number (Re) and the relative

roughness (e/D). For a laminar flow,

= 64/Re. However, for turbulent flow, calculating

is

more complex as it is a function of Re and e/D. Thus a “Moody” diagram has to be used to
determine

for a turbulent flow.

Usually, pipes contain valves, contractions, expansions and bends. These are called fittings
and connections. In each of the above, there‟s an extra energy lost apart from the head loss in
the pipe; and these head losses are calculated using this simple empirical formulae:

83

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

The “K” value is constant value that was derived from observations or experimental
activities. In this experiment, we will only be dealing with the following fittings and
connections:

Type

Head Loss

Pipe Entrance (Square entrance)

Contraction

Gate valve open

Elbow 90o
Source: fluid mechanics lecture notes (Ivey 2009, chapter 3, pp 15)

4. Flow Rate

The flow rate in this experiment is easily calculated using this formula:

The volume of the beaker (600 ml) had to be changed to „m3‟ in order to get the flow rate unit
in „m3/s‟. Thus it was divided by 1,000,000 (i.e. 1 m3 = 1,000,000 ml). This volume is a
constant value that was used throughout the three different set-ups.

The term „time‟ here refers to the average time taken for the water to fill the beaker.
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5. Area and Velocity
The term „area‟ refers to the cross-sectional area of the pipe; and since it is a round pipe, we
can use this formula to calculate the cross-sectional area of the pipe:

Where „D‟ is the internal diameter of the pipe; area has units of square metres (m 2) in this
case. Once we have calculated the flow rate and the area, the velocity is simply:

Velocity has units of “m/s” here.

Procedure

1. Pre-experiment

1. Get a transparent acrylic pipe (tube) of 170 cm (1.7 m) length, with an internal diameter
(ID) of 7 mm; and another transparent acrylic pipe (tube) of 30 cm (0.3 m) length, with an
ID of 4 mm.
2. Use a hacksaw to cut the 7 mm ID pipe into 4 parts with these dimensions: 50 cm, 50 cm,
25 cm, and 40 cm
3. Cut one of the 50 cm length pipe to a further 3 parts, at 16.67 cm each; and cut the 40 cm
length pipe to two, at 20 cm length each. This is for the 90 degree bend pipe.
4. Using the 90 degree bend fittings (need 4 of them); connect the pipe (from step 3) in a
way that resembles figure 5.
5. Insert 5 cm of the 30 cm long, 4 mm ID pipe, to the 25 cm, 7 mm ID pipe. After that,
wrapped that connection with blu-tack (figure 6 and 7). This is to prevent water leakage.
6. Get an 8 L or 10 L bucket with an opening at the bottom of the bucket. Otherwise, you
can drill it yourself (20 mm ID).
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7. Get an extension pipe of 8 cm with a 20 mm ID; a 20 mm ball valve (4.8 cm length);
constriction fittings of 20 mm ID to 15 mm ID (5 cm length); and a straight fitting of 12
mm to 12 mm ID (7.1 cm length). Attach all of these together. See figure 8 below.
8. Attach this valve and its connections to the bucket (figure 9)
9. Use a wooden block (or some bricks) to elevate the bucket (figure 1)
10. Make sure that the bucket and the wooden block do not move at all (do not shift it). This
is because we want to make sure that the end point of the pipe is always situated at the
same place, to maintain pressure level.

2. Experiment

1. Connect the 50 cm, 7 mm ID straight pipe to the end of the valve, and seal the connection
with a pinch of Blu-tack to make sure water doesn‟t leaks out from it
2. Use a clamp (attach to a standing rod) to hold the pipe so that it looks horizontal (flat)
3. Close the valve at the bottom of the bucket
4. Get a hose and connect it to a water tap
5. Fill the bucket to 8 L of water (from the top), and mark it (the 8 L point) with permanent
marker. This will be the water level point that we need to keep it constant throughout the
experiment
6. Get a 600 ml beaker, place it at the point where water will be coming out from the end
pipe
7. Just when the water level about to reach the 8 L point, open the valve and let the water
flows out from the pipe (to the sink first). We want to set the water level constant at 8 L.
The trick here is to match the volume of the outgoing water from the bucket, with the
ingoing water to the bucket.
8. Once the constant water level is achieved, get a stopwatch, and we can start running the
experiment
9. Do three test runs to find out the time taken to fill the 600 ml beaker. Record the time
taken, and get the average timing
10. Measure the height difference from the constant water level in the bucket (at 8 L mark) to
the beaker (at 600 ml mark). This height should be a constant height for all the set-ups.
11. Repeat step 1-9 with the 90 degree bend pipe, and the constriction pipe, doing three runs
of testing in each set-ups.
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3. Post-Experiment

Record your observations and calculations into the following table, for each set-up:

Types of pipe

Length of pipe
(cm)

Average time
taken (s)

Area of pipe
(m2)

Velocity (m/s)

Straight
Ninety degree
bend
Constriction

Figure 5: Ninety degree pipe bend and fittings

Figure 6: Insertion of 4 mm ID pipe to 7 mm ID pipe
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Figure 7: Wrapped with Blu-tack

Figure 8: Valve and its connections

Figure 9: Bucket + valve
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Discussion Questions

1) Why is it important to keep the water level in the bucket constant?
This is done to maintain the assumption that the pressure above the constant water
level (in the bucket) is due to atmospheric pressure. So water going in has to be
equalled to water going out.
2) Calculate the head loss in each of the set-up using the Bernoulli’s Equation.
Refer to section 4.4.6 – 4.4.8 of this thesis.

3) It is believed that the valve and its connections create massive head loss that led to a
slower flow rate in all the three set-ups above. Assuming that this is true, and given
that, roughness ‘e’ =

, calculate the flow rate for each of the set-ups

above assuming that there’s no valve involve in the set-ups (i.e. 50 cm pipe, 7 mm ID
throughout, with no valve). Moody diagram is on appendix 1.
Refer to section 4.4.6 – 4.4.8 of this thesis.

4) Compare the experimental flow rates in all the three set-ups, with your calculated
flow rates, when assuming that the flow is moving in a 50 cm pipe, 7 mm ID
throughout, with no valve. What could have caused the slow flow rate values?
Refer to section 4.4.9 of this thesis for the flow rate comparison. The slow flow rate in
the experiment was caused by the wall roughness of the acrylic pipes used. Roughness
produced frictions, which eventually slows down flow rates.

5) In a real pipe flow, discuss ways that could increase the flow of water (flow rate).
Increase diameter size, use powered pumps, use smoother inner wall pipe (less
friction), avoids the use of fittings and connections in pipes to minimise head loss.

89

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

4.6.2 Experiment 2 – Percolation Test

Aims

The driving key principle behind the second experiment is aimed at improving sanitation; you
will look at an important component of a septic system, which is used to determine the
absorption rate of a soil – the percolation test. You will then calculate both the absorption rate
and percolation rate of the soils tested. The result of this test is an important factor for a
properly design septic system.

Outcomes

Generally, the outcomes of the experiment explain which soils would be best used for a septic
system; and these are:

1. A soil with a greater (faster) percolation rate can absorb more water
2. Water travels through sandy soils faster due to their bigger pore sizes
3. Loamy soils retain water better due to their grain mixture (sand, silt, clay)

Background

1. Set-ups and Equipments

The experimental set-up of this experiment is shown in figure 1 below. In the design, bucket
1 is cylindrical in shape, and made of acrylic; it needs to be transparent, so that we can see
the progress of the water flowing through the soil. An important feature of the bucket is the
outer ring (figure 2); this acts like a „holder‟ to place bucket 1 on top of bucket 2. Bucket 2 is
pretty much a normal plastic bucket.

Three different types of soils will be used in this experiment: sandy, loamy and clayey soil.
These soils will be tested for its absorption and percolation rate. The basic idea here is that
water will be supplied and absorbed by the soils, and it will then move its way through the
soils, before landing on bucket 2.

90

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

2010

The gravels here are basically crushed stones of 5-15 mm diameter, and will be used to hold
the soils on top of it. This prevents the soils from dropping to the other bucket below. We
cannot allow any soils particulate to fall to bucket 2, as this will ruin the final volume of
water in bucket 2. We just want to see the water flowing through the soils, and finally into
bucket 2.

The wire meshing is also a critical component of the set-up; it acts like a filter to prevent the
gravels from falling to bucket 2 basically. In order to fit the wire meshing in between the 2
buckets, one simply has to get a squarish wire mesh, size: 1 mm by 1 mm, or just enough size
for water to pass through. The mesh has to be longer than 20 cm in order to fully cover the
cross-sectional area of the buckets. Next, lays the mesh in between the top and the bottom
buckets, so that the mesh will be “sandwiched” between the buckets.

The experiment requires at least two people to operate; one will not be sufficed due to the
nature of this experiment. These are the equipments to be used in this experiment:
11. Transparent acrylic bucket (round) – 20 cm ID, 35 cm long
12. Regular plastic bucket
13. Wire mesh (1 mm by 1 mm) – preferably 35 cm long
14. Sandy soils – 5 L
15. Clayey soils – 5 L
16. Loamy soils – 5 L
17. Gravels (need to be replaced every time a new soil is tested) – 2 L x 3
18. Water supply – 3 L x 3
19. 2 Stopwatches
20. Ruler – 30 cm long

Loamy soils are a combination of 40 % sand, 40 % silt and 20% clay, mixed together. Make
sure that all soils tested are 5 L in volume. Also, it is a good idea to mark the water levels on
both buckets (1 L, 2 L, 3 L... etc), so that a good accurate reading can be taken. The focus of
the experiment here is to find the absorption rate and percolation rate of soils. The absorption
rate of soils measures how fast water is being absorbed by the soils; while the percolation rate
of soils measures how fast the water is moving through the soils.

91

ENVE 4602 Final Year Project Written Thesis | William Lim (10884425)

Designing Fluid Mechanics Laboratory Experiments for the
Universities in East Timor

Figure 1: Percolation Test set-up

Figure 2: Outer Ring
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2. Percolation Test

In a septic system, the septic tank will receive and store all kind of discharges from toilets,
washbasins, showers, sinks and washing machines. However, the tank itself has a maximum
capacity of storing these effluents. For that matter, excess effluent from the tank will be
trapped and eliminated by the soil via percolation through the soil, and eventually to the
groundwater, polluting it. Some of these effluents will also be taken by plants through its root
system, or by evaporation into the air, or by natural decomposition.

Our concern here is the groundwater pollution from these effluents. We have to prevent the
effluent from entering the groundwater below the soil. For this reason, the chosen soil to be
used in a septic system is vital to prevent groundwater pollution. These soils need to be able
to absorb and retain the effluent discharge from the septic tanks long enough until it is taken
by plants‟ roots system, or naturally decomposed by itself. Thus, one way to test the ability of
the soil to absorb and retain water is to conduct the percolation test.

The percolation test is an important assessment to a septic system prior to the construction of
a septic tank. It measures the amount of time taken for water to move through a porous
medium. In the simplest term, the percolation test is simply observing how fast a known
volume of water permeate itself into the soil tested.

The result of the test is an important factor for a properly design septic system. With this,
engineers will have an easier task to determine how much land size is needed (for the septic
system) and where is the best position to place the septic tank.

3. Percolation Rate and Absorption Rate

From the test, we will get the percolation rate and absorption rate of the soils. In basic words,
the percolation rate indicates how fast water moves through the soil, while the absorption rate
measures how fast water is being absorbed by the soils. These results help to evaluate the
ability of the soil to absorb and treat effluent discharge that has received preliminary
treatment in the septic tank. Usually, soils with higher percolation rate will have a higher
absorption rate too.
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The absorption rate of soils is calculated using the formula below:

Where, the height of water in the bucket is 10 cm; and the time refers to the time taken for the
3 L of water (in 10 cm height) to completely goes through the soils. One person need to be
responsible for this measurement.

The percolation rate is the average time in minutes required for water to fall one centimetre.
Another person needs to observe and measure the drop in water level on the ruler. It is
calculated by dividing the number of minutes elapsed by the drop in centimetre. For example,
the percolation rate for a soil where the water level drops 2 centimetres in 10 minutes is:

4. Final and Initial Volume

The final and initial volume of the water will determine how much water has been absorbed
by the soil. After the water has permeated through the soils, measure the water level in bucket
2 below. The water level in bucket 2 is called the final volume; while the initial volume is the
amount of water supplied to bucket 1 (at 3 L). From here, we can compute how much water
the soil absorbs by the formula below:

Procedure

1. Pre-experiment
1. Get a cylindrical acrylic bucket of 20 cm ID, with 35 cm height. Make sure it‟s
transparent and have an outer ring (figure 2)
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2. Get a regular plastic bucket, preferably of 30 long, and having an ID of 20 cm
3. Mark the water levels on both buckets (1 L, 2 L, 3 L... until the 11 L point)
4. Get a wire mesh 35 cm long, of size 1 mm x 1 mm, or at least just big enough for the
water to pass through
5. Collect gravels of 5-15 mm diameter, with a total volume of 6 L (3 x 2 L bottle). We‟ll
use 2 L of gravels for each soil testing. Make sure that they are clean and dry
6. Collect sandy soils of 5 L volume (clean and dry)
7. Collect clayey soils of 5 L volume (clean and dry)
8. Collect 2 L sand, 2 L silt, and 1 L clay, and mix them together; this will give you loamy
soils. Again, make sure that they are clean and dry.
9. Get a 30 cm ruler and 2 stopwatches

2. Experiment

1. Place the plastic bucket on the floor, lay the wire mesh above it, and place the acrylic
bucket on top of the plastic bucket, so that the wire mesh will be “sandwiched” in
between both buckets. Make sure that the mouth of each bucket face each so that water
from the acrylic bucket can be collected fully by the plastic bucket
2. Place 2 L gravels on top of the wire mesh. Spread them out until they are 5 cm in length
(figure 11).
3. We want to test the sandy soils first, followed by the loamy soils, and lastly the clayey
soils. So place the 5 L sandy soils above the gravels, and spread them out until they are 15
cm in length
4. Place the 30 cm ruler on the surface of the soil
5. Fill the bucket with water, slightly more than 3 L, and allow the water level to come
down to the 10 L mark on your acrylic bucket
6. Once water level is at the 10 L mark, start one of the stopwatches. The first stopwatch
will find the time taken for the 3 L of water (in 10 cm height) to completely goes through
the soils. So let the stopwatch run until all the water has been absorbed by the soil
7. Set the second stopwatch to 10 minutes (or 10 minutes countdown). Here, the second
stopwatch will time the time taken required for water to fall one centimetre, in 10
minutes. So someone has to observe and measure the drop in water level on the ruler.
8. After the water has permeated through the soils, measure the water level in bucket 2
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9. Clean and dry up bucket 1, and change the wet gravels to the dry and clean one for the
next soil

3. Post-experiment

Record your observations and calculations into the following table, for each soil:
Porous

Initial

Time

Final

Water absorbed

Absorption

Percolation

mediums

volume (L)

(s)

volume (L)

by soil (L)

rate (cm/s)

Rate (min/cm)

Sandy Soil
Loamy Soil
Clayey Soil

Discussion Questions

1) Which of the three soils have the greatest percolation rate? What does that tell you
about this soil?
It is highly believed that sandy soils will have the highest percolation rate, followed by
loamy soils, and lastly, clayey soils. A soil with a high percolation rate will allow more
water to be absorbed by it, and hence it can retain the effluent discharge from sewers
longer in the soil.

2) Which of the three soils have the lowest percolation rate? What does that tell you
about this soil?
It is highly believed that clayey soils will have the lowest percolation rate. Soils with
slower percolation rates do not absorb much water; and thus it cannot retain effluent
discharge from the system well. Furthermore, water takes longer for water to travel
through the soils. Soils with very slow percolation rates are not suitable for a septic
system.
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3) Sandy soils seem to have a higher absorption rate and a higher percolation rate as
well. Do you think sandy soil is a good option for a septic system? Give your reasons.
Sandy soils, having the biggest pore sizes, will absorb more water faster. However,
having the biggest pore sizes will also allow water to move quickly through the sand
particulates. For this reason, sandy soils will not be able to retain effluent discharge
within the soil for too long. It may eventually leak through the ground water table below,
polluting it. Thus sandy soils are not a good option for a septic system.

4) Which of the three soils take the longest to run? What do you think is the reason for
this slowness?
Clayey soils are highly believed to be the slowest among the three soils. This is due to
their small pore sizes that are blocking water to permeate through it. Clay particles will
stick together, closing any access gaps within its particles when they are wet and moist.

5) From your tabulated results, which do you think is the best soil to be used in a septic
system, and why?
It is highly believed that loamy soils will be the best soil to be used in a septic system. The
diverse mixture soils that made up this soil; a combination of 40 % sand, 40 % silt and
20% clay, mixed together, made it easier to retain water, and prevent the particles to
stick together when wet (i.e. do not get soggy like clay). Hence, they will be able to
absorb and retain effluent water much better.
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Chapter 5: Discussions
5.1

Equipment Difficulties

During the design process of the experiments, one of the hardest things to be completed was
to find the suitable materials for the experiments. Getting suitable materials for the
experiment is just as important as getting the theories right for the experiments. In fact,
during the whole process of the experiment, more time were spent on finding the appropriate
materials for the experiments rather than testing the experiments.

However, acquiring and finding the materials itself was not an easy task. For example,
experiment 1 was done in 4 weeks; but it took more than two weeks (about 15 days), just to
find all the suitable materials needed for it. For experiment 2, just because it wasn‟t built and
tested, did not mean that the materials were left out in the experiment. The truth was, more
thoughts and efforts were spent on finding the right materials for experiment 2 than for
experiment 1. This was because I was more familiar with the concept of experiment 2 than
experiment 1. But since there was not much time left on the semester, it did not get built and
tested, unlike the first experiment. However, it was still soundly designed.

Now, one of the most important tasks here was for UNTL and DIT, to be able to remake and
recreate the experiments that had been designed in this study. This is because we are not
going to send them the whole set-ups of experiment 1 to East Timor; it is a little bit
unrealistic to do so. So in order for them to do these experiments, they would have to make
and produce those experiments themselves, using the designs from this study.

However, there have been concerns about the readily available materials in East Timor that
would be used to create those experiments. Alice Lecocq had warned me in her email that
“material availability is restricted in East Timor; and those materials such as pipes and
fittings may come in great cost to them. Thus, the experimental materials and equipments that
can be found in Perth may not be found in East Timor. Now, this is one of the major set-back
to this project.
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Communication Difficulties

Apart from equipment difficulties, communication was one of the main difficulties in this
study, especially with UNTL and DIT counterpart. Apparently, East Timor does not have a
decent internet connection; and Mr Soares‟ mentioned in his email that East Timor often has
a problem with its electricity connection, thus limiting internet users in the country.

In the early communication stages, I sent emails on the list of details that were needed for this
study (chapter 3, section 3.2) to Mr Soares, Ms Da Costa, and Mr Barreto. Subsequently, it
was really exciting to hear their initial responses in regards to this study.

However, the required list that was needed for this study was not directly answered by Mr
Soares (Vice-Dean of UNTL) and Ms Carla Da Costa. Mr Soares claimed that he would
contact “Mr Sergio Freitas”, the lecturer who is in charge of the subject (fluid mechanics), to
help us with what we wanted; however, we received no email from Mr Freitas in regards to
this, till today.
Similar response from DIT‟s Ms Carla Da Costa was encountered during the early stages of
communication. She claimed that she would refer this matter to Mr Anuciano Guterres,
another lecturer of fluid mechanics at DIT, as she was in Indonesia at that time doing her
“Magister Degree”. To my surprise, Mr Guterres did actually email me first. Thus I gave him
the same list that was needed for this study. However, I received no reply from Mr Guterres
since then.

Fortunately, Alice Lecocq was there in East Timor doing a project with EWB (Engineering
Without Borders). With that, Prof Oldham and myself emailed Alice the list that was needed
for this project; and she gave her thoughts, opinions, and gave us the thing we need it most,
the DIT‟s Civil Engineering curriculum structure (Appendix 2). But still, the subsequent
emails sent to her were not replied; and it was probably because of the internet connection as
well.
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Therefore, it was very difficult to get information out from UNTL and DIT representatives as
they do not have a decent mean of communication with us. In addition UNTL and DIT do not
have their own websites where one could check the courses offered, the school fess, the
detailed units that they will be studying etc, unlike any other established universities. This
made it harder to study their cultures; they way they conduct lessons; and to know what are
they really lacking in, academically speaking.
5.3

Translating the Thesis into Tetum

Along with the equipments and communications difficulties, here comes another problem to
this study – translating this thesis into Tetum. Basically, almost all East Timorese speak
Tetum at home or at work. The English language, along with the Indonesian language is
known as their working languages. Currently, as of 2010, little is known as to whether there
are any textbooks that exist in English; because Gabrielson (2002), who left East Timor in
2002, noted that they were only available in Tetum or the Indonesian language.

Frankly speaking, it is rather a challenging effort to translate this whole thesis into Tetum, or
Indonesian for that matter. Translating documents from one language into another is a very
complicating task, and maybe one of the most tedious jobs a person can do. The translator
who is willing to translate, must be a detail-oriented person, and meticulous by nature. This is
because there are myriads of facts and information in this thesis, which require full attention
to detail when translating it. Plus, along with the numerical figures and equations, this
appears to be a very daunting task for a translator.

Nonetheless, I believed that there must be some fluent English-speaking academics and
professors in both universities, who are willing to translate this English language thesis into
Tetum. Otherwise, there must also be someone like Alice Lecocq, an Australian volunteer
with EWB, who can translate this thesis. People like Alice, the volunteers, and especially the
teachers in East Timor are important assets to the country, because they helped East Timor to
shine like a treasure in the midst of the world.
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The Usefulness of this Study

There are no questions to doubt the usefulness of this study. This study will be one of the best
things that will ever happen to UNTL and DIT. Even though the impact of this project looks
small, but the benefits are many. Early impressions from UNTL and DIT counterpart tell us
that this study will be a huge benefit to the students, and the country in general. Mr Soares
said this in his email on the 15th April 2010:
“(I am) glad to know that one of her (Prof Carolyn Oldham) student is interested in
designing something that relates to fluid mechanic for our university through his Final
Project. I believe that in the end the output of your final project will give a lot of benefit to
our students in the Faculty of Engineering Hera and this country in general.”

Ms Carla Da Costa also shared her joy upon seeing my email. She said she was relieved and
elated to find out that such study is being conducted to help the universities‟ students, in
terms of its practicality.

From the first experiment, students will have a better knowledge of the different pipes that
affects water flow supplying their home town for instance. Thus, as future engineers, they can
wisely decide on choosing the appropriate pipes for the appropriate flow rate for maximum
usage.

From the second experiment, students will have a better knowledge about the absorption rate
of different soils that are best suited for filtrating effluent discharge from a septic tank, to
prevent groundwater contamination. Thus, as future engineers, they will have a better
knowledge on the types of soils by its absorption rate that is suitable for a septic system.

Therefore, these concise and simple experiments would definitely be a huge help to UNTL
and DIT in terms of its practical contents. Because not only it displayed a true craftsmanship
of hands-on experimental activities, but it will also increase student‟s practical knowledge in
the WatSan field of East Timor.
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Chapter 6: Recommendations
After a thorough study of DIT‟s civil engineering curriculum, it becomes clear that it needs
some curriculum weeding. Gabrielson (2002) described the curriculum as “Bloated”, and
teachers couldn‟t find time to teach hands-on activities in the midst of those theories. Thus
the curriculum needs a bit of weeding. The lesser important units need to be cut out, and
leave the important ones as it is (Gabrielson, 2002).

These important units will then be separated into two: the compulsory (core) units and the
elective (optional) units. The core units would have higher credit points (probably 6 points);
the elective units would have lower credit points (favourably 3 points). From these credit
points, a better understanding of each unit can then be achieved; in that, the higher the credit
points, the more important the unit is.

After doing the units weeding, topics of lesser importance from each unit would need to be
removed as well, and leave some room for the laboratory classes and experiments. Gabrielson
(2002) mentioned in his journal:
“The syllabus must contain plenty of hands-on lessons with ample leeway for creative
adjustment and fine-tuning to follow the interests of both student and teacher. Through the
process of learning these required activities, teachers will become familiar with the methods
of learning from observation, discovering physical principles directly from experimentation
and using scientific method to deduce and prove concepts in the classroom. They will also
begin to fill the gaps of their own understanding.” – Curt Gabrielson, 2002, pp 143.

So the major step in helping UNTL and DIT in their practical contents is to weed some of the
old contents out of their syllabus, and start including hands-on practical lessons to it.
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Chapter 7: Conclusions
Water is one of the most basic forms of life apart from the air that we breathe and the food
that we consume. Peter-Verbanets (2009) noted that there was a recorded 1.1 billion people
worldwide who lacked water supplies. Most of these people are found in the low developing
countries; and East Timor is one of them.

Many children in the country, especially from the rural communities, suffer from diarrhoea
due to poor water supply and sanitation. These WatSan complications need to be fixed by
local people with heedless energy and knowledge on the sector. So this study is a crucial
component in uplifting students‟ confidence and bravado in the WatSan field in the country.

The aim of this study is to improve the laboratory class standard in the universities by
designing a couple of simple hands-on experiments for them to try on. These experiments
will then deliver the practical skills and knowledge that the students need, in order to improve
the WatSan predicaments in their country.
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Appendix 2: DIT’s Civil Engineering Curriculum

DILI INSTITUTE OF TECHNOLOGY
RUA DIT AIMUTIN, PO BOX 293, TELP. / FAX (+670)3322508

ACADEMIC GRADE
Name
Study Program
School

: CIVIL ENGINEERING
: SCIENCE AND ENGINEERING

Codes

Subjects

Credits

Value
Grade

Point

Credit X
Point

YEAR 1
10.101

Calculus I

3

0

10.102
10.103
10.104
10.105
10.106
39.100
10.101
10.102
10.151
10.152
10.153
10.154
10.155
10.156
10.157
39.150
39.151

Basic Physics
Etics And Works Safety
Engineering Drawing And Practice
Basics of Computer
Engineering Design Communication
Tetun I
Portuguese I
English I
Calculus II
Engineering Physics
Statics
Building Construction I
Construction Materials & Testing
Computer Programming
Chemistry
Tetun II
Portuguese II

2
2
2
0
3
2
2
2
3
2
2
2
2
2
2
2
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0

39.152

English II

2
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YEAR 2
10.201
10.202
10.203
10.204
10.205
10.206
10.207
10.208
10.209
10,251
10,252
10,253
10,254
10,255
10,256
10,257
10,258

Engineering Matematics I
Mechanics of Materials
Building Construction II
Fluid Mechanics
Statistics and Probability
Surveying and Mapping I
Soil Mechanics I
Road Constructions I
Environmental Engineering
Engineering Matematics II
Structural Analysis I
Soil Mechanics II
Road Constructions II
Surveying and Mapping II
Hydraulics
Hydrology
Airport Engineering

2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2

10,259

Water Supply Engineering

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

YEAR 3
10,301
10,302
10,303
10,304
10,305
10,306
10,307
10,308
10,309
10,310
10,351
10,352
10,353
10,354
10,355
10,356
10,357
10,358
10,359

Structural Analysis II
Foundation Engineering I
Reinforced Concrete Structures I
Steel Structures I
Timber Structures I
Irrigation & Hydro Infrastructure
Drainase Sistem
Transport Engineering
Construction Equipment
Numerical Methods in Civil Eng.
Structural Analysis III
Foundation Engineering II
Reinforced Concrete Structures II
Steel Structures II
Timber Structures II
Water Resources Engineering
Engineering Economics
Engineering Geology
Construction Management I

3
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
2
2

10,360

Structural Dynamics

2
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YEAR 4
10,401
10,402
10,403
10,404
10,405
10,406
10,407
10,408
10,409
10,451
10,452

Steel Structures III
Reinforced Concrete Structures III
Construction Management II
Bridge Structures
Concrete Technology
Harbour Engineering
Research Methods
Earthquake Engineering
Interior & Exterior Design
+ 2 Credit of Approved Elective
Practical Industrial Training
Civil Engineering Project

Total

2
2
2
2
2
2
2
2
2
2
2
6

0
0
0
0
0
0
0
0
0
0
0
0

146

0.00

0.00

Grade Point Average
Note :

:

A : First Class Pass
D : Restricted Pass

B : Second Pass Class
E : Fail
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