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Abstract  
The availability of non-renewable energy has recently been running 
low and so impacts electrical energy. Renewable energy is 
converted from natural sources to kinetic energy. The Double 
Propeller Water Turbine is a water turbine that is suitable to be 
applied using a small flow head. This research is a development of 
previous research by changing the degree of inclination of the blade 
angle on the turbine, which is used to determine changes in the 
power and efficiency of the Double Propeller turbine at various 
speeds. The results showed that the Double Propeller turbine 
rotation’s performance was directly proportional to the slope of the 
turbine blade angle. The optimum angle of attack on the hydro 
turbine affected the lift force and the ability of the water flow to 
capture water power. At the lowest blade angle, which is 20 
degrees, the highest rotational speed is obtained with a value of 
335 rpm. The turbine generates the most significant power with a 
blade angle of 20o, with a value of 4.81 watts, and the highest 
efficiency is 24%. The degree of blade angle affects the 
performance of the Double Propeller turbine.  
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INTRODUCTION 

The amount of non-renewable energy 
such as oil and coal is decreasing and impacts 
the high price of electrical power. Most power 
plants in Indonesia use non-renewable fossil 
energy sources [1]. Therefore, efforts to use 
renewable energy must be made to overcome 
the scarcity of fossil energy. Renewable energy 
is converted from natural sources to kinetic 
energy, such as hydrokinetic [2]. A water 
turbine is a machine that rotates due to the 
mechanical energy of the water current. The 
rotation energy of the turbine rotates the shaft 
to be transferred to turn the generator. Hydro-
turbines were developed in the 19th century to 
facilitate work in industry before the electric 
grid. Until now, the utilization of wind turbines in 
Indonesia has not been carried out on a large 
scale. Some turbines that are widely applied in 
Indonesia include propeller turbines [3], Turgo 
[4], Crossflow [5], Pelton [6], and Savonius [7]. 

The type of water turbine selection depends on 
the number of potentials in the surrounding 
environment, such as the potential for 
discharge, speed, and head of water flow. This 
different performance of hydro-turbine is 
because each turbine model can only rotate at 
a specific speed and head. 

The feasibility diagram of the hydro-
turbine, as presented in Figure 1, can be used 
to determine the type of turbine that may be 
applied to an area. The optimum power 
produced by each turbine model is also 
different. According to the power produced, 
water turbines are classified into large hydro, 
medium hydro, small hydro, mini-hydro, micro-
hydro, and pico-hydro [8]. Details of the energy 
produced by the turbine are shown in Table 1. 
The multi-stage radial flow Pump as Turbine 
(PAT) turbine can rotate at high flow heads with 
low flow rates.  
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Figure 1. Turbine feasibilities diagram based on 

head and flow rate 
 

Table 1. Classification of turbines based on the 
power generated 

Hydro Turbine Classification Power Output 

Large-hydro ≥ 100 MW 

Medium-hydro 15 – 100 MW 

Small-hydro 1 – 15 MW 

Mini-hydro 100 kW - 1 MW 

Micro-hydro 5 kW – 100 kW 

Pico-hydro < 5 kW 

 
The development of water turbines in Indonesia 
must be developed, especially in areas outside 
Java with many rivers and waterfalls.  

The potential of marine biota, which is 
relatively abundant in Indonesian rivers, causes 
large-scale water turbines to be carried out. The 
development of each micro-hydro is possible in 
Indonesian waters, especially in remote areas. 
However, the utilization of water turbines in 
Indonesia is still very low, around 10% [9]. 
Several studies on hydro turbines have been 
carried out to increase the power of the 
electricity, including modifying the shape and 
size of the turbine [10], combining the turbine 
model [11], and designing the electrical power 
storage system [12]. 

The propeller turbine is a hydro-turbine 
suitable for low heads such as irrigation canals 
and rivers [13]. The efficiency of the power 
generated by the propeller turbine is about 40 - 
60% of the input power used to drive the turbine 
[14][15]. 

Based on the feasibilities diagram shown 
in Figure 1, the propeller/Kaplan turbine can 
generate power in fluid flow with a low head and 
high flow rate. The power generated by the 
propeller turbine is determined by the shape and 
number of turbine blades. The turbine TSR value 
determines the shape of the turbine blades, the 

number of blades, and the turbine blade angle 
[16]. The blade of a suitable length must have a 
curved shape to obtain higher power. The most 
efficient number of blades used in propeller 
turbines is 3 [14]. If the number of blades 
increases, the turbine will experience an increase 
in drag due to the formation of water bubbles 
around the turbine blades. Propeller turbines can 
be used to generate electrical energy from fluid 
flow through a piping system. The turbine 
propeller installation can be done at the end of 
the piping system by utilizing the fluid flow that 
passes through the elbow at high speed. 
However, installing a propeller turbine near the 
elbow can cause vibrations in the piping system 
when the fluid flows at high speed [17].  

Research on single propeller model 
turbines conducted on a laboratory scale by 
Samora et al. showed that single propeller 
turbines could produce up to 95% efficiency at a 
flow rate of 30 m3/h [18]. This fluid flow discharge 
is obtained from a high flow rate river or a dam. 
The turbine is equipped with a guide vane or a 
double runner model for low-flow fluid flows. The 
application of a Double runner on a propeller 
turbine can increase turbine performance by 
between 15-100% [19].  

However, applying a double runner on the 
turbine can cause cracks at the blade's tip. This 
condition enhances the force of the front blade to 
push the second runner at high speed. The use 
of guide vanes is more widely applied to the 
system because the power transmission system 
is simpler than the double runner application. The 
types of guide vanes used in propeller turbines 
are classified into two types. First, a simple guide 
vane is installed at the front of the propeller 
turbine to direct the fluid flow at a certain angle 
[20]. The second guide vane model is installed 
together with the turbine runner. The installation 
of the guide vane combined with the runner aims 
to increase the turbine rotation speed due to the 
addition of aerodynamic forces on the hydro 
turbine runner blade [21][22]. Installation of guide 
vanes on the runner blade can increase turbine 
performance by up to 5% compared to normal 
operating conditions [21].  

This research was conducted to determine 
the performance of a propeller turbine at various 
angles of attack with a guide vane mounted on 
the runner. The research concept used is similar 
to the research conducted by Susanto [21] dan 
Borkowski [20]. However, both studies were 
performed using a simulation model to facilitate 
data collection on turbine performance. 
Numerical research has the disadvantage that 
the result depends on the number of meshing 
and iterations [7][23]. This research was directed 
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experimentally to obtain valid data on of angle of 
attack effect on turbine performance. The turbine 
performance which is shown in this study is the 
power and torque turbine. 
 
METHODS 

This research was steered in a test section 
with a closed-loop form. A pump drives the fluid 
flowing in the close loop test section. The pump 
is operating on maximum performance 5 
liters/second flow rate. A measurement cup and 
timer measure the flow rate of the working fluid. 
The turbine is mounted horizontally using a shaft 
that penetrates the elbow. The test section is 
depicted in Figure 2.  

The turbine model used in this study refers 
to the contra-rotating hydro turbine experiment 
[24]. The study was conducted on variations of 
the front blade turbine with angles of attack (α) of 
20°, 25°, and 30°. Rare rotor blade angle (β) has 
an angle of attack of 25°. The turbine blade angle 
model is presented in Figure 3. Before the 
experiment starts, the pump must be turned on 
for 5 minutes so that the fluid flow in the test 
section is uniform. 

Angular velocity data retrieval is done 
using a tachometer to calculate the turbine 
shaft's rotation. Turbine torque is obtained by 
overloading the turbine shaft until the turbine 
stops rotating. The leaks at the pipe joints should 
be avoided to reach uniform flow conditions. In 
addition, the fluid storage tank must be ensured 
to be filled to prevent the appearance of air 
bubbles in the fluid flow. 

In calculating hydro turbine performance, 
several value indicators are taken from the 
measurement results, such as flowrate, power, 
torque, and rotational speed (rpm) produced by 
the turbine. The following equation shows turbine 
performance: 

          (1) 

 
Figure 2. Experimental Setup (a) test section (b) 

generator (c) Reservoir (d) Centrifugal pump 

  
(a) (b) 

  
(c) (d) 

Figure 3. Hydro turbine blades on the various 
angle of attack 

 
Turbine performance is influenced by the 

flow rate and head of the fluid around the turbine. 
Turbine performance is determined by the flow 
velocity (ν) and the diameter of the test pipe 
section (A) as (1). The calculated turbine 
performance result is the power generated by the 
turbine rotation. Power output is calculated using 
the torque (N.m) value and angular velocity 
turbine (rad/s) indicated by (2). Torque (Nm) is 
obtained through the force (N) produced by the 
turbine to rotate the shaft multiplied by the length 
of the force arm (m) as (3). The rotating of the 
hydro turbine results in voltage (V) and electric 
current (A). The efficiency value in this study is 
obtained from calculating the generator's 
electrical power output (W) generated compared 
to the turbine rotation power (W).  

The formula used is shown in (4) and (5). 

    (2) 

     (3) 

     (4) 

   (5) 

 
RESULTS AND DISCUSSION 

This research was conducted using a close 
loop test section where the fluid flow is circulated 
at a speed of 5 liters/s utilizing a pump. The 
variation of the angle of attack is affected by 
turbine performance, shown by the value of the 
angular velocity (rpm) and the voltage generated 
by the turbine in Figure 4. The angular velocity 
value is measured using a tachometer. The 
results showed that the highest angular speed 
was produced by the blade angle of attack (AOA) 
blade 20o. The increment of the AOA on the 
turbine causes a decrease in the angular velocity 
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resulting from the turbine. This condition is 
caused by the Increment of AOA on the turbine 
blades, which causes a stall in the flow. The stall 
is a condition where there is no increase in 
turbine performance when the AOA increases. 
Changes in the angle of attack will cause a 
difference in the separation point on the turbine 
blade. This research is related to a previous 
study of contra-rotating turbines which are varied 
in the angle of attack blade [25]. 

In the previous study, the angles of attack 
used were 18°, 20°, and 25° [25]. The increment 
of the AOA turbine leads to a decrease in turbine 
electrical power. While in this study, the angles 
used are 20°, 25°, and 30°. The stall effect on 
hydro turbine causes this condition. The 
decrease in turbine rotation impacts the power 
produced by the turbine, especially the voltage 
value shown in Figure 4b. 

Increasing the angle of attack causes a 
reduction in the angular velocity of the turbine 
and generator rotation. This condition causes the 
voltage generated by electricity to decrease.  

 

 
(a) 

 

 
(b) 

Figure 4. Turbine performance is shown by graph 
a) angular velocity b) voltage as a function of 

angle of attack 
 

At AOA 20°, the turbine produces the highest 
voltage of about 5.79 V 0.2 A. This electric power 
can be used to turn on the LED lights. 

The torque and efficiency graph show the 
effect of the angle of attack blade on hydro 
turbine performance as in Figure 5. Graph 5a 
shows that the increment of the AOA turbine 
leads to a reduction in turbine torque. The 
decrease in turbine performance is indicated by 
the slower angular velocity produced by the 
turbine. This condition causes the force required 
to stop the rotation of the turbine shaft is lower.  

This condition is caused by the Increment 
of AOA on the turbine blades, causing a stall in 
the flow [26][27]. The stall is a condition where 
there is no increase in turbine performance when 
the AOA increases. Changes in the angle of 
attack will cause a difference in the separation 
point on the turbine blade.  

The force generated by the turbine is used 
as primary data to calculate the turbine torque 
using (2). The turbine mechanical power 
calculated by (3) is based on the rotation and 
force generated by the hydro turbine.  

 

 
(a) 

 

 
(b) 

Figure 5. Turbine performance is shown by graph 
a) Torque b) Efficiency as a function of angle of 

attack 
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Turbine efficiency calculates by comparing 
the electrical power generated by the turbine 
compared to turbine mechanical force in (5). The 
highest efficiency of the turbine is produced by 
AOA 20°, which almost reaches 25%. Graph 5b 
shows that the increment of the AOA turbine 
leads to a reduction in turbine efficiency. 
 
CONCLUSION 

The Double Propeller Water Turbine is a 
water turbine that is suitable to be applied using a 
small flow head. This research is a development 
of previous research by changing the degree of 
inclination of the blade angle on the turbine, 
which is used to determine changes in the power 
and efficiency of the Double Propeller turbine at 
various speeds. This condition is caused by the 
Increment of AOA on the turbine blades, which 
causes a stall in the flow. A contra-rotating 
gearbox model can be applied for future work to 
increase electrical power. 

 
REFERENCES 
[1] S. K. A. Shezan, A. Al-Mamoon, and H. W. 

Ping, “Performance investigation of an 
advanced hybrid renewable energy system 
in Indonesia,” Environmental Progress & 
Sustainable Energy, vol. 37, no. 4, pp. 1424-
1432, 2018, doi: 10.1002/EP.12790. 

[2] A. Pareek, R. Dom, J. Gupta, J. Chandran, 
V. Adepu, and P. H. Borse, “Insights into 
renewable hydrogen energy: Recent 
advances and prospects,” Materials Science 
for Energy Technologies, vol. 3, pp. 319-
327, 2020, doi: 
10.1016/J.MSET.2019.12.002. 

[3] Pribadyo, H. Hadiyanto, and J. Jamari, 
“Study of low head turbine propellers axial 
flow for the use of micro-hydropower plant 
(MHP) in Aceh, Indonesia,” Journal of 
Physics: Conference Series, vol. 1524, no. 
1, p. 012019, 2020, doi: 10.1088/1742-
6596/1524/1/012019. 

[4] Budiarso, Warjito, M. N. Lubis, and D. 
Adanta, “Performance of a Low Cost Spoon-
Based Turgo Turbine for Pico Hydro 
Installation,” Energy Procedia, vol. 156, pp. 
447-451, 2019, doi: 
10.1016/J.EGYPRO.2018.11.087. 

[5] D. Adanta, R. Hindami, Budiarso, Warjito, 
and A. I. Siswantara, “Blade Depth 
Investigation on Cross-flow Turbine by 
Numerical Method,” 2018 4th International 
Conference on Science and Technology 
(ICST), 2018, doi: 
10.1109/ICSTC.2018.8528291. 

[6] E. Okdinata, A. Hasan, and C. Sitompul, 
“Performance Test of Pelton Micro-Hydro 

Turbine with the Variations of Parameter to 
Produce the Maximum Output Power,” 
Journal of Physics: Conference Series, vol. 
1167, no. 1, p. 012025, Feb. 2019, doi: 
10.1088/1742-6596/1167/1/012025. 

[7] Z. Lillahulhaq and V. S. Djanali, “Numerical 
Study of Savonius Wind Turbine with Fluid-
Rotor Interactions,” IPTEK Journal of 
Proceedings Series, vol. 0, no. 1, pp. 48-52, 
2019, doi: 
10.12962/j23546026.y2019i1.5106. 

[8] A. M. A. Haidar, M.  F. M. Senan, A. Noman, 
and T. Radman, “Utilization of pico hydro 
generation in domestic and commercial 
loads,” Renewable and Sustainable Energy 
Reviews, vol. 16,no. 1, pp. 518-524, 2012, 
doi: 10.1016/j.rser.2011.08.017 

[9] Erinofiardi et al., “A Review on Micro 
Hydropower in Indonesia,” Energy Procedia, 
vol. 110, pp. 316-321, 2017, doi: 
10.1016/J.EGYPRO.2017.03.146. 

[10] W. M. Rumaherang and J. Latuny, “Fluid 
flow study in various shapes and sizes of 
horizontal axis sea current turbine,” 
SINERGI, vol. 25, no. 3, pp. 289-298, 2021, 
doi: 10.22441/sinergi.2021.3.006. 

[11] B. Metheny, R. Permatasari, and M. S. 
Annas, “Design modeling of savonius-
darrieus turbine  for sea current electric 
power plant,” SINERGI, vol. 25, no. 1, pp. 
27-32, 2021, doi: 
10.22441/sinergi.2021.1.004. 

[12] M. R. Djalal and N. Kadir, “Optimal design of 
energy storage for load frequency control in 
micro hydro power plant using Bat 
Algorithm,” SINERGI, vol. 26, no. 1, pp. 7–
14, 2022, doi: 10.22441/ /sinergi.2022.1.002 

[13] S. Poudel, R. Adhikari, S. Adhikari, M. 
Regmi, and H. B. Dura, “Design and 
analysis of a hydro-powered water turbine 
pump: a sustainable irrigation infrastructure,” 
Journal of Water Supply Research and 
Technology—AQUA, vol. 70, no. 8, pp. 1-17, 
2021, doi: 10.2166/AQUA.2021.082. 

[14] E. M. Wardhana, A. Santoso, and A. R. 
Ramdani, “Analysis of Gottingen 428 Airfoil 
Turbine Propeller Design with 
Computational Fluid Dynamics Method on 
Gravitational Water Vortex Power Plant,” 
International Journal of Marine Engineering 
Innovation and Research, vol. 3, no. 3, pp. 
2548-1479, 2019, doi: 
10.12962/j25481479.v3i3.4864.  

[15] R. Rendi, S. Ihsan, and S. Ma’arif, “Turbin 
Air Arus Sungai Model Sudu Propeller 
Menggunakan Nozzel-Diffuser,” Jurnal 
Engine: Energi, Manufaktur, dan Material, 
vol. 4, no. 1, pp. 27-33, 2020, doi: 



SINERGI Vol. 26, No. 3, October 2022: 273-278 

 

278 Z. Lillahulhaq et al., Experimental study of small hydro turbine propeller performance … 

 

10.30588/JEEMM.V4I1.649. 
[16] A. Brasil Junior, R. C. F. Mendes, T. Wirrig, 

R. Noguera, and T. F. Oliveira, “On the 
design of propeller hydrokinetic turbines: the 
effect of the number of blades,” Journal of 
the Brazilian Society of Mechanical 
Sciences and Engineering, vol. 41, no. 6, 
pp. 1-14, 2019, doi: 10.1007/S40430-019-
1753-4. 

[17] A. Shen, Y. Chen, J. Zhou, F. Yang, H. Sun, 
and F. Cai, “Hydraulic Vibration and 
Possible Exciting Sources Analysis in a 
Hydropower System,” Applied Sciences, vol. 
11, no. 12, p. 5529, 2021, doi: 
10.3390/APP11125529. 

[18] I. Samora, V. Hasmatuchi, C. Münch-
Alligné, M. J. Franca, A. J. Schleiss, and H. 
M. Ramos, “Experimental characterization of 
a five blade tubular propeller turbine for pipe 
inline installation,” Renewable Energy, vol. 
95, pp. 356–366, 2016, doi: 
10.1016/J.RENENE.2016.04.023. 

[19] K. S. Ajjampur, A. S. Menasinkai, C. C. 
Kokatnur, and S. N. Kurbet, “Design and 
Static Analysis of Micro Hydro Kaplan 
Turbine Blade,” International Journal of 
Emerging Trends in Science Technology, 
vol. 01, no. 03, pp. 268-271, 2014. 

[20] B. Baidar, J. Nicolle, B. K. Gandhi, and M. J. 
Cervantes, “Sensitivity of the Winter-
Kennedy method to different guide vane 
openings on an axial machine,” Flow 
Measurement and Instrumentation, vol. 68, 
p. 101585, 2019, doi: 
10.1016/J.FLOWMEASINST.2019.101585. 

[21] Q. M. B. Soesanto, P. Widiyanto, A. 
Susatyo, and E. Yazid, “Cascade 
optimization of an axial-flow hydraulic 
turbine type propeller by a genetic 
algorithm,” International Journal of 
Technology (IJTech), vol. 10, no. 1, pp. 200-

211, 2019, doi: 
10.14716/IJTECH.V10I1.1744. 

[22] D. Borkowski, M. Węgiel, P. Ocłoń, and T. 
Węgiel, “CFD model and experimental 
verification of water turbine integrated with 
electrical generator,” Energy, vol. 185, pp. 
875-883, 2019, doi: 
10.1016/J.ENERGY.2019.07.091. 

[23] Z. Lillahulhaq and V. S. Djanali, “Unsteady 
simulations of Savonius and Icewind turbine 
blade design using fluid-structure interaction 
method,” AIP Conference Proceedings, vol. 
2187,  2019, doi: 10.1063/1.5138264. 

[24] D. Nan, T. Shigemitsu, S. Zhao, and Y. 
Takeshima, “Internal flow and performance 
with foreign vegetable materials in a contra-
rotating small hydro-turbine,” International 
Journal Fluid Machinery and Systems, vol. 
10, no. 4, pp. 385-393, 2017, doi: 
10.5293/IJFMS.2017.10.4.385. 

[25] D. Nan, T. Shigemitsu, and S. Zhao, 
“Investigation and Analysis of Attack Angle 
and Rear Flow Condition of Contra-Rotating 
Small Hydro-Turbine,” Energies, vol. 11, no. 
7, p. 1806, 2018, doi: 10.3390/EN11071806. 

[26] K. Song, W. Q. Wang, and Y. Yan, 
“Numerical and experimental analysis of a 
diffuser-augmented micro-hydro turbine,” 
Ocean Engineering, vol. 171, no. 2, pp. 590-
602, 2019, doi: 
10.1016/J.OCEANENG.2018.12.028. 

[27] A. A. Andriawan, N. Ruhyat, and M. K. 
Ngala, “Analysis of Changes in ACM 
Performance in PK-XXX Aircraft with 
Modification of Cleaning Method to Get a 
Comfortable Temperature,” Journal of 
Integrated and Advanced Engineering 
(JIAE), vol. 2, no. 1, pp. 45-54, 2021, doi: 
10.51662/jiae.v2i1.38 

 
 

 


