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ABSTRACT

Article history:

The water flow in sewage pipes found in high-rise buildings has the potential of
creating a pico-scale power generator. However, low head and debit rate condition
should be taken as a consideration in turbine design choice. The design of turbine blade
is an important factor in improving the turbine’s performance. In this research, dragtype turbine designs with various blade curvature angles of 100, 110, 120, 130, and
140 degrees were studied to understand the performances. The specimens were
manufactured by the 3D printer. The turbines were installed with the head of 2 m on
a pipe with the diameter of 82 mm. The performance of the turbines was analyzed
based on power output, power coefficient, and tip speed ratio. The result shows that
drag-type horizontal axis water turbine with the blade curvature angle of 140 degrees
performed best by generating 7.4 Watt of power. The power coefficient generated was
0.07 at the Tip Speed Ratio of 0.76.
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1. Introduction
Potential of water as renewable energy resource is spread in almost every place in Indonesia and
is estimated to reach 75 GW; while only 2.5 % of it is used. The high average rainfall on Western
Indonesia region, such as Sumatra, Java, Kalimantan and South Sulawesi (except North Sumatra) [1],
and an on-going trend in high-rise building development in Indonesia create a good potential in
developing pico or nano hydro water turbines. Pico hydro turbine is a type of hydroelectric power
generator, capable of producing power less than 5 kW. Many countries prefer pico hydro power plant
because of lower manufacturing cost, lower head requirement, and smaller debit comparing to other
hydroelectric power station. Low head pico hydro turbines were also researched in Nepal, where 13
types of water turbine were investigated to find the best performance of the turbine [2].
Furthermore, the reaction turbine at a very low head in Australia was installed and studied [3]. Other
research using the pump as turbine (PAT) as an alternative to pico hydro power station was used to
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generate electricity in rural areas in Laos, where PAT reduced the energy until 53% compared to the
cross-flow turbines.
The application of wind turbine (Savonius turbine and Darrieus turbine) on the water flow has
also developed [4-8]. The Savonius turbine using aqueous media performs better because of the
bigger momentum of fluids [9-12]. The blade curvature angle influences the performance of both the
Savonius hydrokinetic rotors or Savonius turbine and Wind Turbine. Modification of the rotor shape
in Savonius turbine improves the turbine performance [13-16]. Some studies have been conducted
to improve the Savonius turbine performance. The blade curvature angle in Savonius water turbine
could be optimized to determine optimum revolving speed [17]. Each rotor having various blade
curvature angles was tested in the wave channel tests to determine the rotation velocity produced
as the result of the variations [17]. Rotational speed continued to increase at the blade curvature
angle of 60° to 70°. Then, the rotational speed started to decrease at the blade curvature angle of
76° to 85°, while at the blade curvature angle of 90°, the rotational speed of the rotor was found to
be inconsistent. Moreover, rotor achieved maximum performance at the blade curvature angle of
70° to the specific speed value of 1.3 rpm. Non-dimensional rpm is the ratio between the rotation
speed generated by each rotor and the smallest rotational speed of all variations. Furthermore,
research on the drag-type of Vertical Axis Water Turbine (VAWT) was conducted on the pipeline in
order to generate electrical power, as supply monitor controlled the water quality [18]. The
maximum electrical power of 88.2 W was obtained at the water velocity of 1.5 m/s, and the pressure
dropped to less than 5 m. Another study examined the influence of blade curvature angle to the
generated power coefficient at a modified Savonius Wind Turbine [19]. The blades with 110°, 124°,
135°, and 150° of curvature angle respectively were used, and the optimum performance was found
at the blade curvature angle of 124°, generating 0.20 W.
In this study, a Horizontal Axis Water Turbine (HAWT), modified from a Savonius wind turbine,
and mounted on an exhaust pipe of rainwater or wastewater, with the maximum head of 2 m was
proposed for the application. Horizontal axis turbine was used in this study because proposed turbine
could be directly installed to existing building piping, which usually is installed vertically. This research
focused on the influence of the curvature angle of the blade on drag-type turbines in generating
electrical power.
2. Methodology
At the beginning of the simulation process, turbines with various blade curvature angles were
designed with Solidworks software. The designed turbines used 8 blades since it has been stated in
the various literature that 8 blade turbines have the best performance. The making of blade curvature
angle in turbine design is shown in Figure 1.
Figure 1 show the method of measurement of turbine blade curvature angle and sample of the
blade by 3D printing process. Blade curvature angles were measured using the circle arc angle
principle, where the center point of a circle was defined as a cross point between two lines measuring
blade curvature angle (β) which one line is crossed to the center of the turbine. In this study, R was
the radius of the blade curvature angle, while the rotor diameter was 80 mm. The rotors used in this
research were made by layer by layer method to measure blade curvature angles accurately, and
then 3D printed. This research was conducted by making comparisons of turbine designs using 5
different curvature angles, namely: 1000, 1100, 1200, 1300, and 1400.
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Fig. 1. (a) Scheme of blade curvature angle and (b) the blade sample
by a 3D printing

Figure 2 shows the design of test apparatus. The rotor was installed on the acrylic turbine housing
in an 82 mm in diameter of water pipe. A blocking system was attached to the turbine system
directing water flow to the blade rotor. The laboratory-scale experimental equipment was then
assembled consisting of water tanks (1, 4), pumps (2), pipeline (3), valves (5), generator (6), turbine
(7), flanges (8), and overflow system (9) in a vertical steel frame of test apparatus. Water was pumped
from source tank in the bottom of the frame to the upper tank, placed on top of the frame, by the
two water pumps. The incoming debit of fluid flow to the turbine was obtained by calculating of debit
between exit and overflow pipe in order to keep the head in a constant value of 2 m. The generator
is an AC Servo motor with merk Yasakawa Electric which has a maximum capacity of 100 Watt and
highest velocity of 3000 rpm. The generator was attached directly to the axis of the turbine. The
experimental research focused on the effect of HAWT blade curvature angle on the power output.
The effect of the blade curvature angle on the voltage, power output, and power coefficient was
observed.

Figs. 2. Test apparatus
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3. Results and Discussion
Turbine performance analyzed by electrical power output. This power value is measured based
on a multimeter. The magnitude of the output power is the multiplication between the voltage and
the electric current. Figure 3 shown the angular relationship of the blade curvature with the electrical
output power, describes the performance of the turbine as blade curvature angle was varied from
100° to 140°. The data explained the rotor performance with rated power output. The electric power
output is directly proportional to the magnitude of the curvature angle of the turbine blade. The
turbine at blade curvature angle of 100° generated power output of 2.6 Watt and then increases at
a curvature angle of 140 with a power output of 7.4 Watt. The larger blade curvature angle means
wider catching area of the blade which will affect the torque acting on the turbine. The amount of
torque acting on each corner of the blade causes the voltage and electric current to vary, so the
electrical output at each corner of the blade is different.
Another essential parameter showing the performance of the turbine is power coefficient (Cp)
which declare the comparison of the potential power from the water to the obtained power from
the turbine. Figure 4 show the value of Cp as the effect of the blade curvature angle of the blade. The
blade curvature angle of 100º generates the lowest Cp value of 0.026, then increased until 0.073 at
the angle of 140º. The efficiency still low because of the blade has not wide enough to convert the
energy-water to the power output.
Tip speed ratio (TSR) is another important parameter in describing the performance of a turbine.
Tip speed ratio is defined as the ratio of the tangential speed at the blade tip with the actual speed
of the fluid, which determines the optimum speed of the blade to transfer energy from water to
generate power [20]. Figure 5 describes that the maximum TSR was at the blade curvature angle of
140°. Initially, a rotor at the blade curvature angle of 100° only had TSR value of 0.493. The TSR
continued to increase as the blade curvature angle bigger, and TSR reaches 0.758 at the angle of 140°
as a depiction of the capability of the curvature angle in converting the fluid velocity to tangential
velocity.
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Fig. 3. The relationship between blade curvature
angle with the electrical power output
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Fig. 5. Tip Speed Ratio in the turbine

4. Conclusion
This paper has successfully demonstrated the development of drag-type Horizontal Axis Water
Turbine (HAWT) as an alternative way in generating the electricity in building pipe directly and also
the measurement of the performance of the turbine which was influenced by the blade curvature
angle. The maximum angle of blade curvature constructed was set to 140º because of a factor which
limited manufacturing process. The best performance was measured at the blade curvature angle of
140°, generating power output of 7.4 Watt, TSR of 0.76, and the Cp of 0.073.
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