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1. INTRODUCTION e(\

Indonesia is a country th, antages with respect to geographical position. As atropics country,
Indonesia has two seaso ason from November to March and rainy season from April to October (BPS,

2016), and also has many ad tages of having many renewable energy sources; these are solar and hydro

energy.

On the other hand, Indonesia still has energy problems, which is dependent on fossil energy (96%).
Utilization of new renewable energy is still limited because of constrained investment costs, and hence only large-
capacity power plants are built. The utilization of renewable energy sources with small capacity in Indonesia is still
limited, because of its relative high cost and low efficiency (DEN, 2014). One solution to this problem is to

combine two or more renewable energy sources into a power plant called a Hybrid generator.

In Indonesia, especially in West Java province, there is a high potential to use solar energy and low head
hydropower, especially at irrigation channels. Therefore, solar and hydro energy do still have huge potential
resources. In some areas, micro hydro power plants are installed, but yet large capacity of the micro hydro is still
unexploited (Erinofiardi, et all, 2017). Hence, it has a potential to build a hybrid power plant that combines solar

energy and small-scale hydropower (picohydro).

The development of hybrid power plants is very growing fast due to the increasing electricity demand and
it has quite abundant potential, such as it has been mentioned by Ratnata et all, (2017) (Ratnata, et all, 2018), Pico
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Hydro prototype - Solar Photovoltaic Hybrid System are developed in the two stages, the first prototype-1 has been
developed a capacity 100 - 200 watts, second stage 500-1000 watts of capacity.

The other important parameter, the development of hybrid power plants is the economic factor. From the study
engineering economics for Micro Hydro Turbine and PV, for electricity generator, the cost of hybrid system with 5 kW is
9.21 US Dollar/kwh (Bhumkittipich & Bhumkittipich, 2013). Similar study was published by World Bank for the cost of
generating Picohydro projects for several types of power plants. Picohydro is the smallest generation generator with around
10- 18 US cent / kWh (ESMAP, 2007). And also Phrakonkham (2012) compared with that of the system sizing for hybrid
system of the pico/micro hydroelectric turbines, PV panels, energy storage device and a backup fuel generator, and the
result is hydroelectric turbines, the hybrid system has very low overall cost of energy, and also they are suitable to be used

in remote rural villages. It is a simple technology, and hence it is not difficult to maintain (Phrakonkham, et all, 2012).

Picohydro is a type of small-scale water energy generator that consumes below 5kW. Classification of plants
utilizing water / hydro energy can be distinguished based on the generated power capacity (Sopian & Razak, 2009). The
combination of solar energy and small hydropower can utilize solar energy and irrigation flow which will be up to 0.5
meter deep. A potential irrigation is found in West Java. Figure 1 shows irrigation facilities in West Java. The estimate of

the power plant is expected to be used for the needs of one house.

q

Figure 1: Hydro Power Resources in West Java Indonesia.

In this paper, investigation of hybrid power plant is presented, especially design of hybrid solar and picohydro.
The hybrid PV-picohydro will be developed for rural area. The power plant will be installed as a floating position on the

river and mounted with two slings attached at river side (Shantika & Hartawan, 2017).

The power plant consists of several components; picohydro units, solar panels, control units, batteries, monitoring
and collecting data systems, main frames and float device. A Picohydro unit is composed of generator, runner, housing,
vane gate etc. This paper will focus on runner design part of turbine of picohydro suitable for flow conditions in irrigation
river in Western Java, Indonesia. Other component generator was developed in the previous study. The generator was
brushless with permanent magnet type designed for 200W, 500 rpm and 12 volt specification (Shantika & Hartawan,
2018). Control device, collecting data and monitoring system was used in nRF24L01 and Arduino (Hartawan, et all, 2018).

The runner design was used as a theoretical approach in accordance with the design specifications with parameter

Impact Factor (JCC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11



Design Rotor Turbine Hybrid of PV-Picohydro Power Plant 223
as Energy Sources for Rural Area in Indonesia

constraints obtained from the survey results of several rivers in West Java, while the calculation of stresses that occur in the
blade will use a stress simulation approach utilizing software. The software analysis obtained resulting optimum main

dimension of runner material.
2. RESEARCH METHOD

The research was conducted in several stages; the first step is to measure the condition of the irrigation river in West Java,
so that the average velocity and depth of the river were obtained. Then design specifications are determined according to
the conditions of the energy source, and then design of dimensions using the theoretical approach. Furthermore, stress

analysis was carried out by using simulation software, so that the thickness and material of the blade can be determined.

The main parameter of turbine blade design is blade angle. Turbine blade angle affect on rotation, torque and
power of the turbine. The curve of the blade angle is calculated based on the velocity triangle, the flow of water flowing
through the inlet stator blade and flow in to the rotor blade are shown in the figure 2a. The velocity relationship can be
drawn to the velocity triangle, as shown in the figure 2b. With a; and a is inlet and outlet angle stator in degree, 1 and 3,
is inlet and outlet angle rotor in degree, Q is flow rate (m%s), o is angular velocity (rad/s), W is relative water velocity
trough blade (m/s), U is Linier velocity blade (m/s) and C is absolute velocity (m/s)(Grant, 2007).

1 2 3 4

draft
tube
inlet
stator rotor o

(@) (b)
Figure 2: (@) Turbine Cross Section, (b) Triangle of Velocity(Grant, 2007).

The euler equation on turbine engines for output power is

ULy = UalCya
g

H= (1)

Vi. Ay

From the speed triangle, the flow speed approaching the turbine blade is V> =

, absolute velocity is C; = %
1

and relative velocity is Cy,; = }l—g The rotation direction for a positive angle requires of flow B, entering from the rotor and

B2 coming out of the stator, so that the equation:

b= ten™ (CE2) @
B, = tan™t (cuc:;—:u) €))

The amount of head and turbine inlet (Qin) is determined based on theoretical calculations which will become

= .
Y sungai

parameters in obtaining the power to be designed, the turbine head can be calculated with Hggypee = inlet flow rate

A !
=3
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IS Qi = pLH and the water discharge flow rate trough turbine blade is @- = .. 4p;,4.. Specific rotational speed of the

turbine is calculated using equations:

n+H
HT

n, = %)

The energy losses that occur in the pipe due to incoming water flow can be major head losses or minor losses,
water hammer, cavitation, viscosity, etc. However, picohydro flow losses that occur are minor head losses. If there are
major head losses, the probability is very small. Minor head losses occur due to a collision between the flows of water
entering the pipe regarding the blade. The size of minor head losses and turbine efficiency refers to the design that has
previously been carried out with the title "Application and Analysis of Picohydro Power Plants with Turbine Propeller
Open Flume TC 60 and 100 VA One Phase Synchronous Generator at UPI Bandung” (Nugraha & Waluyo, 2013). Then,
the design value of minor head losses is 4% and the design turbine efficiency is 85%. This data will later become a

reference in the design of portable picohydro.

Forces can be calculated based on the flow of water through the runner blade. The flow of the blade can make a
lifting force F;, = %CL p A WS and drag Force Fp, = %CD p A WS, Where C, = 2 sing cosg and Cp = 2 sin®g, A is blade
area (m3) and ¢ is angle of attack in degree (Simpson & Williams, 2011).

3. RESULTS AND DISCUSSIONS

From data survey of several rivers for agricultural irrigation in West Java, Indonesia obtained the speed and depth of river,
which was around 1 - 3.75 m/s and 30-60 cm. The width of the river varied from 1 to 8 meters. During that seasonal time,

the river conditions were dry, so that the condition of the water flows in the river was in the lower point of the water flow.

The Hybrid PV-picohydro power plant concept is planned for a floating system with dimensions not exceeding
1.5 meters and length 2 meters so that it can be carried easily. The electricity generator is used for one house Picohydro
power off grid system 100 watts minimum and 200 Wp solar cells.

—=SolarCell

Frame

Electronic
Box

—Float

cylinder

Picohydro

Figure 3: Hybrid PV-Picohydro Power Plant Concept.

Picohydro is planned to be floated with diameters not exceeding 1 meter, it can be carried and assembly easily.
The water flows through horizontal to turbine blade where power is obtained from the head of water speed. The water flow
is planned to enter a channel and then rotate the turbine on the channel. The inlet diameter channel/penstock is designed
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greater than outlet diameter so that it can increase the speed of water that is passed through the turbine blade. The guide
vane is planned to be in front of the blade in a same direction of the water flow.

These have limitations pertaining to the several parameters design, and it should be determined first to calculate
the power of the turbine. There is hub and tip turbine diameter, that is determined as 60 mm and 200 mm, water flow speed

1 m/s, design efficiency more than 50% and then turbine material is planned to use aluminum alloy.

From the calculation results obtained, water energy resources with an efficiency of 50% are 295 watts, whereas
the water speed on the turbine blade is 2.4 m / s. These conditions are enough to reach the target of the electrical power to

be produced and water speed is still below critic speed so the fluid flow is still laminar flow.

By calculating the specific speed of the turbine at 500 rpm, the Specific Runner Speed (Ns) is 358.06 rpm. From
the results obtained by the type of turbine that is suitable is the type of Kaplan. With the calculation of the velocity triangle,
the blade inlet angle (B1) is 80 degrees, the blade exit angle (B2) is 58 degrees and the attack angle (&) is 4 degrees, so the

power produced by the turbine is 137 Watts. The power is good enough to produce an electric power target of 100 watts.

The flow passing through the turbine blade produces the blade particular forces. There are the lifting forces (FL)
of 72.85 N and the water resistance (FD) of 310.59 N with the lift coefficient (CL) of (0.44) and drag coefficient is (0.95).
The greater force is a water resistant force in the direction of the water flow. The force that occurs in the turbine produces a

torque on the blade of 1.91 Nm. The torque is relatively large enough to rotate the load on the generator.

Torque of the runner must be transferred to the turbine shaft. Pin used to combine hub runner and shaft turbine.
The hub diameter is 60 mm and the tip diameter is 217 mm. These dimensions are close to the dimensions of the design

specification.

Figure 4: Dimension of Rotor Blade Picohydro.

The next step is to calculate the strength that occurs in the turbine blade. Calculation of stress is used a simulation
approach by using software. The forces that occur in the blade, as obtained in the previous calculation are 310.59 N. From
the simulation results, the voltage that occurs for the thickness of the turbine blade by 2 mm is 5.9 MP4a, so it is quite safe

to use aluminum alloy T6 material that have yield strength of 240 MPa.
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Figure 5: Von Misses Stress of Rotor Blade Picohydro.

From the simulation results, the maximum stress occurs in the area between the hub and turbine blade rotors, so

that the area should be given a greater thickness than the turbine blade tip.

4. CONCLUSIONS

Runner turbine design has been accomplished, the type of blade used is Kaplan turbine, the blade and hub diameter is 217

mm and 60 mm. The maximum stress from simulation obtained is 5, 9 MPa, theis occurs in the area between the hub and

turbine blade rotors. Runner suitable thickness is 2 mm for aluminum Alloy material used.
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