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Abstract. Darrieus Turbine is a type of vertical axis hydrokinetic turbine that is often used in
hydroelectric power plant. This research aims to performance test of Darrieus Water Turbine in
hydro power plant experimentally. Darrieus Turbines uses blades with type NACA 0018 and
Polylactic Acid material. In performance test of the Darrieus Turbine, 5 variations of fluid flow
velocity are: 0.77 m/s, 0.89 m/s, 0.99 m/s, 1.17 m/s, and 1.25 m/s are used. Also the test uses
variations in the number of turbine blades are: 2 pieces, 3 pieces and 4 pieces with 0°, 10°, and
15° angle of attack. The test results obtained the highest rotation at 195.17 rpm with a turbine
mounted 2 blades and an angle of attack 0°, the power generated at the rotation is 0.18 Watt. But
the optimal power was obtained 0.1 Watt for 4 blades turbine, because the turbine could to do
self-starting at fluids velocity 0.77 m/s for all angle of attack. The optimum result was produced
by 4 blades turbine, because the turbine could do self-start at 0.77 m/s water velocity either at
0°, 10°, or 15°. The optimum power was produced by 4 blade turbine, which was 0.1 Watt.

1. Introduction

With global warming attention have been turning to resources for the advancement of renewable energy
technologies. To move away from fossil fuel-based energy sources, humans will be increasingly
concerned with the use of various renewable resources. If each country evaluates its resources, it will
be recognized that hydrokinetic energy has a significant contributor to its renewable energy portfolio
[1-3].

These energies can be utilized to produce electricity by using hydrokinetic turbine. The principle of
hydrokinetic turbine in a hydro power plant is to transform potential and kinetic energies contained in
water flow into mechanic energy. Water flow that hits the turbine blades cause the turbine rotates and
creates movement on the generator to produce electricity. The benefits of hydrokinetic turbine utilization
are less requirement on location determination, it requires no dam, low installation cost and time
requirements [2.,4,5].

Hydrokinetic turbine is generally divided into two categories which are Horizontal Axis Turbine
(HAT) and Vertical Axis Turbine (VAT). HAT hydrokinetic turbine is fitted with rotation axis similar
as fluid direction meanwhile VAT hydro-kinetic turbine is fitted with rotation axis perpendicular with
fluid direction [6]. Darrieus Turbine is one of VAT types which is developed to benefit water flow [7].

This research aims to test performance of Darrieus Turbine using blades with type NACA 0018 using
variations of fluid flow velocity (0.77 m/s, 0.89 m/s, 0.99 m/s, 1.17 m/s, 1.25 m/s) and variations of
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number blades are: 2 pieces, 3 pieces and 4 pieces with 0°, 10°, and 15° angle of attack [8-10]. The scope
of this research is a laboratory scale using existing tool models in Mechanical Engineering Laboratory.

2. Research methodology

In Figure 1, the manufactured prototype design could be seen as follow. The motor boat that was used
to produce water flow on fluid vessel which was utilized to spin Darrieus Turbine. NACA 0018 with
chord length of 40mm and blade length of 180mm was fabricated by utilizing a 3D printer using PLA
(Polylactic Acid) material. NACA 0018 has lift coefficient that will increase in line with the rise of
fluids velocity, but it is not same for other types of NACA which the lift coefficient starts to increase in
certain Reynolds conditions [11,12].

Description:

Boat motor

Fluid vessel

Current barrier

DC Generator
Darrieus Turbine [8]

arOdPE

Figure 1. Hydrokinetic power plant modeling.

2.1. Testing procedure

In Hydrokinetic Power Plant testing process, Darrieus Turbine was connected by timing belt to a
generator with rotation ratio of 1:2 which means 1 turbine rotation same as 2 generator rotations. The
generator was fitted with a 2.5 volt and 0.3 ampere lamp. The collections of turbine rotation data, current
and voltage produced by the generator were conducted by measuring turbine rotation (rpm) with a
tachometer, electrical current (A) by using ampere meter and voltage (volt) by using volt meter. These
data were transformed into power unit (watt) [8].

Data collection was conducted based on a combination of blade number, angle of attack, and fluid
flow variations. Measurement was conducted by installing Darrieus Turbine with 2 blades on angle of
attack variations of 0°, 10°, and 15° and fluid flow variations (0.77 m/s, 0.89 m/s, 0.99 m/s, 1.17 m/s,
1.25 m/s) and then, the test was continued by the installation of the turbine with 3 blades on angle of
attack variations of 0°, 10°, and 15 ° and fluid flow variations. After that, the test was finished by the
installation of the turbine with 4 blades on angle of attack variations of 0°, 10°, and 15° and fluid flow
variations. Angle of attack degree measurement was conducted by using a protractor, and in the airfoil
bolt a straight line is drawn as Y axis (angle of attack measurement reference). The angle of attack was
measured at positive direction away from the turbine shaft as seen in Figure 2.

Blade number variations are used to find turbine lift force and drag force. These forces influence
power produced by the turbine. The parameters as the recorded observation object of this research are:
water velocity, turbine rotor rotation, generator axis rotation, and generator current and voltage. From
these data, total electricity force and efficiency were determined. The power data was produced from
current and voltage power generated during testing [5,10].
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Figure 2. Measurement angle of attach of Darrieus turbine.

3. Results and discussion

To determine type of fluid flow produced in fluid vessel (Laminar, Turbulent and Transition) Reynold
number measurement is required. The vessel had wide 0.2m and the water height was 0,48m. The
kinematic viscosity of water fluid at 30°C of atmosphere temperature is 0.8 x 10-6m2/s. Reynolds
number can be measured by using equation 1 and 2 [13]:

_A_ by _ 022x048 _
R = p b+2y  0.22+2(048) 0.09 M

Re = 28 = 2772228 — 86625 2)

v  08x10-6

The Reynold number shown that the fluid flow in this system was as turbulent flow.

Testing was conducted by using fluid flow velocity variations with NACA 0018 with angle of attack
0°. Darrieus Turbine measurement result data could be seen in Figure 3 and data on the produced power
was shown in Figure 4. The figure shown that the higher velocity gave the higher the rotation produced.
At 0° of angle of attack with a speed of 1.25 m/s, the blue line shown that the highest rotation was at
195.17 rpm. The produced electricity was linear with turbine rotation (rpm). The higher the turbine
rotation, the higher the power produced. The blue line shown that power produced by Darrieus Turbine
with 2 blades is 0.18 watt at the highest. On 3 blades testing, the power produced was higher than 4
blades testing, although the differences were not significant. The rotation produced in 3 blades and 4
blades testing were not continuous, because the turbine stopped to rotate when the fluid hit the turbine
blades.

g 250
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g 50
£ 4 Blade % 0,05 4 Blade
5 0 -
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Velacity (m/s) 0,77 0,89 0,99 1,17 1,25
Velocity (m/s)
Figure 3. Rotation produced at 0° angle. Figure 4. Power generated at 0° angle.

Figure 5 showed results of testing at 10° angle. The graphic showed that at 10°, there was no rotating
for the turbine with 2 blades for all fluid flow velocity, because the higher the angle of the attack made
the higher drag and diminished lift force. Distance between blades was not too small and the turbine
blades were unable to transform fluid current into turbine rotation. From the figure, it could be seen that
at 10° produced the best rotation with 3 blades turbine with highest rotation of 160.1 rpm.
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Electrical power produced at 10° angle could be seen in Figure 6. Electricity produced was linier to
turbine rotation (rpm). The higher the turbine rotation gave the higher the power generated. Orange line
represents electricity current produced by the turbine with 3 blades which produced 0.08 watt as the
highest level. Testing at 10° angle with 2 turbine blades no electricity was produced because the range
between each blades were too small, and turbine blades were unable to distribute fluid velocity into
turbine rotation. Because of the turbine was not rotate, there was no power was produced at fluid flow
velocity 0.77 m/s-1.25 m/s.

From Figure 7, it showed that at 15° angle and 0.77 m/s of velocity, 3 blades turbine was unable to
rotate until the velocity reaches 0. 89 m/s. The situation was different with 4 and 5 blades turbine, which
could do self-start [14] at low velocity 0.77 m/s. Figure 8 showed the highest power produced was 0.03
Watt that happened at 15° angle and 1.25 m/s velocity.
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Figure 5. Rotation produced at 10° angle. Figure 6. Power generated at 10° angle.
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Figure 7. Rotation produced at 15° angle. Figure 8. Power generated at 15° angle.

From those results could be explained that the higher of angle of attack gives the lower the turbine
rotation [15]. This happened because the higher the angle of attack gives the higher the turbine
resistance. The angle of attack at 0° produced better rotation than 10° and 15° angles.

The number of blades were also influencing the drag force. The more blades were installed, the
higher the turbine solidity so the rotation tend to be lower if compared with fewer blades. Darrieus
Turbine with 2 blades at 0° angle of attack produced better rotation than 3 and 4 blades turbines.
However, at 10° and 15° angle of attacks, 2 blades turbine were unable to turn on because the turbine
failed to extract kinetic energy of the fluid current into turbine rotation energy.

Data produced from hydrokinetic power plant with angle of attack variations (0°, 10°, and 15°) and
Darrieus turbine number of blades (2, 3 and 4) on turbine rotation produced were showed in Figure 9.
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Figure 9. Graphic of comparison between angle of attack and turbine rotation.

Figure 9 showed that the best rotation was produced at 0° angle of attack with number of blades as much
as 2 blades. At 10° and 15° angle of attacks, the turbine did not rotate because of stall phenomenon. Stall
is an aerodynamic condition where lift coefficient is starting to decrease which caused by increasing
angle of attack degree that goes beyond critical point limit. High angle of attack on a hydrofoil will
cause separated fluid flow from hydrofoil surface which diminish lift force and increase thrust. If the
angle of attack is decreased, the fluid flow will stay at hydrofoil surface [13].

The next step is conducting force measurement analysis produced by water velocity using equation
3 [13]. The measurement was conducted to compare analytic results with testing results. Water density
at 30°C temperature is at 997 kg/m3. Fluid trajectory towards turbine rotor was at length x width = 0.22
m x 0.48 m. Fluid velocity obtained by using Pitot tube measurement tool was at 1.25 m/s.

Pur ==xpxAx V3= 2x997 x 0,22 x 0,48 x 1,253 = 102.82 Watt 3)
2 2

To determine value of Performance Coefficient the turbine at 195.17 rpm rotation with turbine rotor
spokes of 0.1 m, using equation 4 [12]:

w.r 2nnr 2m x 195,17 x 0,1
Vair 60 Vgir 60 x 1,25

=1.63 4)
After getting TSR value and its inserted into Turbine Betz Limit Efficiency Graphic, it will get the value
of Power Coefficient 0.01. Based on this value, turbine power can be measured by using equation 5 [13]:

Piyrbin = Cp x Pigye = 0,01 x 102,82 = 1.02 Watt 5)

Based on that, determine Darrieus Turbine efficiency using equation 6 [13].

. Prurbi 1,02
nturbin = —&2 x 100% =
Pair 102,82

x100% = 1% (6)

Based on those results, the highest power generated by DC generator was at 1.02 Watt, which produced
by 2 blades Darrieus Turbine at 0° angle with efficiency of 1%.

4. Conclusion

The highest rotation at 0° angle with 2 turbine blades have produced 195.17 rpm rotation and power
0.18 Watt. The highest efficiency 1% has been produced by Darrieus Turbine with 2 blades at 0° angle.
The optimum result has been produced by 4 blades turbine, because the turbine has been able to self-
start at 0.77 m/s water velocity either at 0°, 10° or 15° and has produced power 0.1 Watt.
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