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Abstract. Mechanical Engineering Department, University of Lampung has been established since
1998 and in the implementation of learning process at this departmen supported by ten
laboratories, that is: Laboratory of CNC, Laboratory of Drafting, Laboratory of Materials,
Laboratory of Manufactured, Laboratory of Computer, Laboratory of Industry Metrology,
Laboratory of Structural Mechanics, Laboratory of Thermodynamics, Laboratory of Fluid
Mechanics, and Laboratory of Combustion Engine. These laboratories are used as research
means for the lecturers and the students and also for the implementation of the subject of available
laboratory work in the curricullum of Mechanical Engineering Department, University of
Lampung, One of the subjects of laboratory work is machine performance, where this
laboratory work is carried out in three laboratories, that is Laboratory of Thermodynamics,
Laboratory of Fluid mechanics, and Laboratory of Combustion Engine. The testing equipments
are available until now, namely, vapour compression refrigeration system, Pelton turbine,
and combustion engine, and these testing equipments need for the addition to support this
laboratory work. However the funding from university is very limited. Therefore addition
testing equipment must be made. In this paper design of a testing equipment of ultra low
head hydraulic turbine model is presented to be used for laboratory work of machine
performance in Mechanical Engineering Department, University of Lampung.
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1. Introduction

The learning process carry out at the Mechanical Engineering Department of Faculty of
Engineering, University of Lampung is currently supported by 10 laboratories, namely:
Laboratory of CNC, Laboratory of Drafting, Laboratory of Materials, Laboratory of
Manufactured, Laboratory of Computer, Laboratory of Industry Metrology, Laboratory of
Structural Mechanics, Laboratory of Thermodynamics, Laboratory of Fluid Mechanics,
and Laboratory of Combustion Engine. These laboratories are used as research facilities

for lecturers and students and also for the implementation of laboratory work
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courses in the curriculum of the Department of Mechanical Engineering, Faculty of
Engineering, University of Lampung. One of the laboratory work courses is the laboratory
work of machine performance. This laboratory work is carried out so that students are
able to determine and measure the performance parameters of energy conversion
machines by applying theories that have been obtained in the courses of Fluid Mechanics,
Thermodynamics, and Energy Conversion Machines. However, the testing equipment to
carry out the laboratory work of machine performance is still lacking, where the testing
equipments are available until now, combustion engine, Pelton turbine and Air Conditioning
(AC). This is caused by the limited funds provided by the university to supply the testing
equipment in the laboratory. So it is necessary to develop additional testing equipment to
support the implementation of this laboratory work. In this paper is given the design and
development of testing equipment of ultra low head hydraulic turbine model to support
implementation the laboratory work of machine performance in Mechanical Engineering
Department, University of Lampung.

For decades scientists have tried to use conventional turbines for low flow heads.
Highly efficient water turbines for high flow heads are very expensive when applied to
hydropower stations with low or very low heads. The main types of water turbines
currently used to harness hydropower are: Kaplan, Francis, Pelton, and cross flow
turbines. The Kaplan turbine is one of the water turbines which technically can be used for a
two meter head height or a lower water head but the turbine operating unit cost increases
up to about four times when the water heads fall from 5 to 2 meters.

In 1931 Darrieus patented reaction turbine to use low or very low head flow energy
(free flow). This turbine has a drum-like shape with a number of straight or curved
blades of airfoil and a shaft that is perpendicular to the fluid flow. This turbine allows
high torque for slow current flow, and provides a large fluid flow through the turbine
without enlarging the diameter.

An approximation of the vertical axis turbine is used to calculate the power was
generated by this hydrokinetic turbineal turbine blade, as can be seen in Figure 1. The
resultant velocity vector (W) is the sum of the velocity vector of fluid (V) and the velocity
vector of the advancing blade (U).

W=7 +[-wxk) "
where R is the radius of turbine (m), and o is the angular velocity of turbine (rad/ s). From the
Figure 1, the resulting of fluid velocity varies, the maximum is found for 6 = 0° and the
minimum is found for 6 = 180°, where 0 is the azimuthal or orbital blade position.

The angle of attacka is the angle between the resultant vector velocity (W), and
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blade's chord. From geometrical considerations, the resultant of flow velocity and the

angle of attack are calculated as follows:

W =V\1+24cos0+ 7 2

= mn'][ﬂJ
cosf+ A

180° L
Figure 1.Forces and velocities acting in a vertical axis wind turbine for various azimuthal

positions.

where A is tip speed ratio, and can be calculated by using the following equation

R
PRRCL
U (4)

The resultant aecrodynamic force is composed in the lift force (Fr) and drag force (Fq)

which these forces can be calculated using the following equation:

1
Fy==CypV*4
2 (5)
D IR
f"||' = _{-IPI'—A
2 (6)

where Cq is the coefficient of drag, Ciis the lift coefficient, p is fluid density (kg/ m?), V is
fluid velocity (m/s), and A is cross-sectional area of the hydro foil blade (m?).
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The force perpendicular to the arm (radius) of turbine, the torque by projecting lift and

drag forces can be calculated using the following equation:
T=(F.sma-Fcosa)«R (7)

where T is the torque (N.m), F is the force perpendicular to the arm (N), and R is the
radius (m). From Equation 7, the shaft power P, (W) can be calculated using the

equation:

F, =Tw )

2. Materials and Methods

2.1 Determining the Turbine Parameters

The model of designed turbine to be used in the testing equipment is shown in Figure 4. The
parameters of turbine to be determined: height of turbine L, diameter of turbine R, shape of

blade, and number of blades n.

Figure 2. Scheme of hydrokinetic turbines model

Determining dimensions of the testing equipment system and the parameters of the
hydrokinetic turbineal turbine to be used should consider the Fluid Mechanics
Laboratory conditions and the available measurement instruments. The measurement
instruments used to execute this laboratory experiment are torque meter to measure the torque
produced by shaft turbine (N.cm), with the maximum torque meter of 147 N.cm, tacho
meter to measure the speed of turbine rotation (rpm) and propeller flow meter to measure

the velocity of flow (m/s).



2nd TICATE 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 852 (2020) 012079 doi:10.1088/1757-899X/852/1/012079

(©

(@)

Figure 3. Photograph of measurement instruments: a. tacho meter, b. torque meter, and

c. propeller flow meter

2.2. Construction of Testing Equipment
Scheme of the testing equipment design can be seen in Figure 6. This device transforms
kinetic energy derived from flow of low head, to turn a turbine to produces mechanical

energy of rotation and whose primary function is to drive a electric generator.
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Figure 4. Schematic of testing equipment system

Caption:

1. Hydrokinetic turbine 2.Torque 5. Pipe 6. Tank
meter 7. Reservoir 8. Testi
3. Channel 4. Pump
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The efficiency 1 of hydrokinetic turbine
model can be calculated using the equation:

h

b T 05 p ALY

Where P; is power generated by turbine shaft (W), it can be calculated using the
Equation 7, p is water density (kg/m?®), V is velocity of water flow (m/s), and A¢ is cross

sectional area of hydrokinetic turbine (m?).

3. Results and discussion.

3.1. Model of Testing Equipment System

According to the conditions of space of the Fluid Mechanics Laboratory, dimensions of
thank and cross-sectional area of channel were determined Il m x 1 m x 1 m and 20 cm x 30
cm respectively. The available head of flow is 1 m to run the experiment. The velocity
of flow in channel was measured by propeller flow meter and it can be varied to 1.37 m/s,

1.56 m/s and 2.1 m/s.

Figure 5. System of testing equipment

3.2. Turbine Design

Generally hydrokinetic turbine uses blade’s airfoil, due to its high efficiency and produces
a large pressure difference between two sides of blade to rotate with a
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considerable force moment in which the force moment is generated by lift and drag
force. The lift and drag forces that occur in the airfoil sections are influenced by the
shape of blade and the angle of attack. The symmetry airfoils of RISO-A [3] was used for

the turbine blades.
. location of
leading mac thichness
=
radius
e
al
leading |
I
location of =
max chamber

Figure 6. Parameters of NACA airfoil
According to conditions of the channel, hydrokinetic turbineal turbine to be used has 10 cm

in diameter and 20 cm in height.

The performance of hydrokinetic turbine operation is also influenced by relative solidity.
Figure 7 [5] is shown the effect of tip speed ratio A to coefficient of performance Cp
(efficiency) for each relative solidity ¢ of hydrokinetic turbine (HKT) Darrieus with straight
blade.
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Figure 7. Predicted and measured performance of Darrieus HKTs of varying solidity

The tip speed ratio of turbine operation was determined A = 3 [4], this is to prevent
cavitation during turbine operation. From Figure 10, for tip speed ratio A = 3, it was
obtained the relative solidity ¢ ~ 0.4 as proposed by Shiono et. all.[6]. Based on previous

study [7], operating the helical turbine with tree blades was given the maximum
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efficiency. Using Equation of 14 and 15, it was found the length of chord’s blade of 4.2

cm.

Figure 8. Model of hydrokinetic turbineal turbine with tree blades

3.3. Testing Results and Discussion

Figure 10 are given the testing results of the testing equipment of hydrokinetic
turbine. From the testing results in Figure 10, the turbine using 3 number of blades
give the highest efficiency and shaft power, where these values of efficiency and
power were found 28.03 % and 9.46 W respectively. It was better as compare with
the using 2 number of blades of turbine. This is due to the operation of turbine
using 3 blades produced greater lift forces compared with the 2 number of blades. The
best operation of this turbine was at the tip speed ratio of 0.89.
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Figure 9. Testing of the developed testing equipment
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Figure 10. The testing results of hydrokinetic turbine model with using 3 number of blades
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The developed testing equipment of hydraulic kinetic turbine model can perform the
performance characteristics of hydrokinetic turbine. Using this testing equipment will
help the students to understand how the working principle of hydrokinetic turbine to
convert kinetic energy of water flow into mechanical energy. The testing results show
how the velocity of flow influence the performance characteristics of hydrokinetic turbine.
Therefore this testing equipment of hydrokinetic turbine model can be used to support
implementation the laboratory work of machine performance in Mechanical Engineering
Department. This testing equipment will also help the students who interested in studying
the performance of this turbine when it is applied in the system of hydro electric power
generation to utilize kinetic energy derived from flow of low head or stream of water.

4. Conclusions

Based on the results that have been obtained and described earlier, it can be taken some

conclusions:

1. In this research is given design method of the testing equipment of hydrokinetic
turbine model to support implementation the laboratory work in Mechanical
Engineering Department.

2. The developed testing equipment of hydrokinetic turbine model can perform the
performance characteristics of hydrokinetic turbine to utilize the stream flow energy
which has very low head or only kinetic energy.

3. The test results show how the wvelocity of flow influence the performance
characteristics of hydrokinetic turbine where using 3 number of blades gives the
maximum of turbine efficiency of 28.03 %.

4.The course of this laboratory work will provide an opportunity for students to develop
their competency in design and execution of laboratory experiments, analysis and
interpretation of data use information from the engineering literature including basic
concepts from the courses have introduced by the lecturer especially fluid

mechanics, energy conversation and fluid machinery subject.
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