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At the smallest scale, hydropower or pico-hydro can be produced by utilizing water flow 
at the piping system. This paper discusses about the performance of a water bulb-
turbine in a water piping water system using the Computational Fluid Dynamic (CFD) 
method. This study aims to analyze the effect of flow rate and speed on the efficiency 
of water bulb-turbine using Solidworks Flow Simulation 2016. The propeller turbine 
design used in this study has 4 blades and a blade angle of 200, and the static bulb using 
with a ratio of 0.6 to the pipe diameter. The parameter in flow rate applied in this study 
is between 7 and 13 L/s and for speed parameter between 100 and 1700 rpm. The final 
result of this study indicates that the efficiency of the water bulb-turbine is a directly 
proportional increase of flow rate and the highest efficiency reaches at flow rate 13 L/s 
and 1300 rpm. 
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1. Introduction 
 

Based on the nature of renewable, alternative energy has a role replace fossil energy dwindling 
availability [1]. Located in a tropical climate, alternative energy in Indonesia still has the potential to 
be developed, such as water energy [2], wind energy [3-5], biogas energy [6, 7], biomass energy [8], 
photovoltaic [9]. Water energy or hydropower in the smallest scale category producing no more than 
5 kW is called picohydro [10, 11]. In its application, hydropower on a picohydro scale can be 
generated in a water piping system or water tubular on a horizontal flow [1]. Several studies of 
horizontal flow picohydro applications were experimentally carried out on reference [1, 12, 13] using 
propeller turbines, whereas research using numerical simulation methods was carried out on 
reference [14] using drag-type turbines, and on reference [11, 12] using a propeller turbine. 

Propeller turbines have several advantages including practical, high performance, and relatively 
low manufacturing costs [16]. Several previous studies of propeller turbines in piping systems with 
experimental methods and numerical simulation methods show parameters that affect the 
performance of the propeller turbine, including bulb ratio [1, 12], number of blades [12, 13] dan blade 
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angle [1, 11]. Compared to the experimental method, the numerical simulation method on a water 
turbine is able to show a detailed and accurate flow phenomenon analysis, besides that the numerical 
simulation method can also support and corroborate the results of the experimental method [10]. 

A static bulb is placed before the propeller turbine and hereinafter referred to as the bulb turbine 
to increase the water flow velocity [18, 19], thus potentially increasing turbine performance [16]. 
Several studies on static bulb turbines for the picohydro scale on horizontal flow in piping systems 
have been carried out in references [1, 11, 12], from all these studies more complex research has not 
been carried out on the characteristics of turbine speed (rpm) on turbine performance. 

Based on observations from several references, research on static bulb turbines for the picohydro 
scale on horizontal flow in piping systems has been widely carried out, but more in-depth research 
about the characteristics of turbine speed (rpm) has not been carried out. This paper aims to 
investigate about the characteristics of the influence of flowrate and speed (rpm) to the performance 
of static horizontal bulb turbine flow in piping systems using numerical simulation method. 
 
2. Methodology  
 

Design of the inlet and outlet curvature of the propeller turbine used in this study refers to the 
design in reference [16, 17] with a 200-blade angle as referred to in reference [1], while the turbine 
tip-hub diameter refers to reference [13] with the diameter ratio bulb to 0.6 inlet pipe diameter 
refers to reference [15] and the number of blades 4. Figure 1, Figure 2, and Figure 3 shows the turbine 
propeller, the assembly turbine propeller with bulb body, and the total assembly rig used in this 
study. 
 

 
Fig. 1. Four blade propeller design 

 

 
Fig. 2. Assembly propeller turbine 
with bulb body 
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Fig. 3. Total rig assembly 

 
The numerical simulation process in this study uses Solidworks 2016 Flow Simulation software. 

To obtain accurate simulation results, validation testing is necessary in determining the meshing level 
[15]. In this study using meshing level 5, referred to reference [15] which has a similar design. 

The boundary conditions of numerical simulation in this study are shown Figure 4 and Figure 5. 
Figure 4 shows the inlet flow parameters between 0.007 to 0.013 m3/s and on the outlet side using 
the parameter or 101325 Pa atmospheric pressure, whereas Figure 5 Shows the parameter regional 
rotation of the turbine between 100 to 1700 RPM. The object of this simulation lies in the torque 
value of the turbine in the flow direction (x), with the SG Torque (X) parameter on the turbine. 
 

 
Fig. 4. Boundary condition on rigtest 

 

 
Fig. 5. Boundary condition of rotating region 
on the turbine 

 
3. Experimental Result and Discussion 
 

This study shows the simulation results of propeller turbine performance including torque, 
power, and efficiency at varying flowrate and speed (rpm). It also shows the velocity contour and the 
pressure contour on the blade surface. 
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Figure 6 shows the relationship between the turbine speed and the torque generated at each 
flowrate variation, the torque value decreases with increasing turbine rotation, based on the basic 
power formula [1] the value of torque and speed (rpm) is always inversely proportional, so that the 
rotation value increases, the torque value will decrease. The figure also shows the same torsion 
trendline characteristics for each flow variation.  
 

 
Fig. 6. Turbine torsion performance with speed variation 

 
Figure 7 shows the effect of turbine speed on the propeller turbine power at each flowrate 

variation. Speed characteristics of the shaft power every varied inflow rates differently, the flowrate 
of 7 to 13 L / s each successive optimum power can be produced at a speed of 500, 700, 900, and 
1300 RPM. Figure 8 shows the characteristics of the velocity of water at 7 L / s discharge, the color 
contour of the rotation speed of 100 rpm after passing through the turbine in Figure 8a shows that 
the speed tends to be higher than at 500 rpm (Figure 8b), this shows that at 500 rpm the turbine 
converts more energy from of the water flow compared at 100 rpm. 

 

 
Fig. 7. Turbine shaft power performance with speed variation 
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(a) 

 
(b) 

 
(c) 

Fig. 8. Contour colour of water velocity (a) at 7 L/s and 100 rpm (b) at 7 L/s dan 500 
rpm, and (c) at 13 L/s and 500 rpm 

 
Figure 6 and 7 show that the rises water flowrate value, the torque and the shaft power value or 

the propeller turbine performance rises too. Basically, the formula is that the discharge value is 
always directly proportional to water power or available power [1], so that the higher the water 
flowrate value, the available power increases and has the potential to increase turbine performance. 
Using other basic formulas in reference [17] the value of water velocity directly affects the available 
power. Figure 8c shows the color contour of the water velocity at flowrate 13 L/s and 500 rpm before 
entering the turbine area faster than at a discharge of 7 L/s at the same speed, this shows that the 
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higher the discharge value, the water velocity also increases and has the potential increase turbine 
performance. 

The pressure contour on the turbine surface in static simulations can analyze the water power 
that can be converted into torque [11, 12]and shaft power. Figure 9 shows the turbine surface 
pressure contour from the simulation results of this study at a turbine speed of 500 rpm. Figure 9(a) 
and 9(b) show the pressure contours at a flow rate of 7 L/s and 13 L/s, at 13 L/s shows a higher 
contour pressure than at a flowrate of 7 L/s, so that it has the potential to produce a higher turbine 
performance. The efficiency value of the propeller turbine is shown in Figure 10 with the optimum 
value reaching 95.828% at flowrate and speed 13 L/s and 1300 rpm. 
 

 
(a)                                                                                                     (b) 

Fig. 9. Pressure of Contour colour at surface turbine (a) at 7 L/s and 500 rpm and (b) at 13 L/s and 500 rpm 

 

 
Fig. 10. Turbine efficiency with speed variation 

 
4. Conclusions 
 

In general, this study shows the effect of flow rate and speed on propeller turbine performance 
using numerical simulations. Based on the simulation results, the value of the turbine shaft power is 
always directly proportional to the value of the water flow rate, so that the higher the water 
discharge value the higher the resulting shaft power. This study also shows that the turbine speed 
affects the torque value of the turbine so that it directly affects the shaft power. The optimal shaft 
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power in this study is produced at 1300 rpm and a flow rate of 13 L / s with an efficiency value of 
95.828%. 
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