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ABSTRACT

This paper contributes to an ongoing development of a micro hydropower network system tailored for 
implementation along river networks in Malaysia. The concept involves deploying multiple micro hydropower 
generators to charge a battery positioned on the riverbank. This interconnected hydropower network work alongside 
similar network systems to either charge larger batteries or serve multiple communities, enhancing its scalability and 
utility. The primary aim of this study is to determine a better generator blade type, and explore the relationship 
between the arrangement of generator blades in the river and the resulting torque generated. An experiment is 
conducted to determine the superior turbine type. The simulation process integrates engineering simulation software 
(ANSYS) and 3D modeling software (CATIA). ANSYS is employed to simulate river conditions with specific flow 
rates, while CATIA facilitates the design of generator blades, subsequently imported into ANSYS for simulation. The 
objective of the simulation is to identify the blade arrangement yielding the highest maximum generated torque. 
Subsequently, an experiment involving 3D printing the selected turbine types and measuring their rotational speed 
under consistent water flow conditions using a digital tachometer is conducted. From the experiment, it is found that 
curved blade types outperform straight blade types, while from the ANSYS simulation it is found that a distance 
between generator blades ranging from 300mm to 400mm offers optimal performance. This comprehensive approach 
enables a thorough evaluation of turbine configurations and their real-world performance, advancing micro 
hydropower technology for sustainable energy generation along river networks.
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INTRODUCTION

The waterwheel was once a common device used to convert 
potential energy from moving water into kinetic energy. 
This allowed people in the past to perform tasks such as 
milling flour, grinding wood, and pounding fibres (Nguyen 
et al. 2018; Viollet 2017). Nearly 100 years later, the 
development of water turbines during the Industrial 
Revolution completely replaced the use of waterwheels to 
drive electric generators (Warjito et al. 2019). This shift 
occurred due to the limitations of waterwheels, which are 
too large and restrict the flow rate and head that can be 

accumulated (Sritram & Suntivarakorn 2017). 
Today, there are several turbine designs that fall into 

two types: reaction turbines and impulse turbines 
(Zaniewski et al. 2019). Reaction turbines need to be 
submerged in the water flow and enclosed to contain the 
water pressure. These turbines are driven by the moving 
water, which changes pressure as it flows through and 
transfers its energy to the turbines (Viollet 2017). One of 
the most popular reaction turbines is the Francis turbine, 
which is still widely used in many hydropower systems 
worldwide, especially in medium to high head sections 
(Zhang et al. 2023). 
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On the other hand, impulse turbines do not require 
encasement or submersion in water. They function by 
altering the velocity of a water jet, which applies pressure 
to the curved blades of the turbine, consequently altering 
the flow direction. This change in momentum generates a 
force on the turbine blades, causing the turbine to spin 
(Chitrakar et al. 2020). The Pelton Wheel is the most 
renowned design for impulse turbines, renowned for its 
high efficiency despite sharing a similar fundamental 
geometry to the traditional waterwheel (Ishola et al. 2019; 
Rafae Alomar et al. 2022). 

In this study, a unique combination of the Tyson 
turbine and Straflo turbine is employed. The Tyson turbine 
represents a distinct hydropower system wherein a turbine 
is mounted beneath a raft or pontoon along the moving 
water and tethered to the shore or riverbank (Rachman 
2011). The Tyson turbine does not need to be encased and 
is installed directly into the flowing water stream. 

The Straflo turbine, a variant of the Kaplan turbine, 
integrates the generator along the circumference of the 
water channel, linked to the periphery of the runner (Singh 
& Prasad 2016). By combining and expanding both 
systems, the resultant system becomes more mobile, safer, 
and capable of accommodating considerable usage with 
an appropriate number of generators in place. This yields 
a series of Tyson-based hydropower systems. Each system 
incorporates a modified Straflo turbine to further enhance 
the power generation process. While this approach may 
generate less energy compared to conventional dams, the 
strategic networking of these innovative systems allows 
for the accumulation of generated energy, ultimately 
producing sufficient power with minimal environmental 
impact.

The experimental and simulation study conducted in 
this research aligns with another project focused on 
developing a small-scale hydropower generator tailored 
for remote areas in Malaysia. This hydropower generator 
initiative aims to bridge isolated regions with the modern 
world by providing electricity while simultaneously 
alleviating the country’s overall electricity demand. 
Notably, the escalating electricity tariffs since 2014 
highlight the costliness of supplying electricity to entire 
communities via the national main grid. (Ahmad et al. 
2020). Given that many isolated communities are situated 
near rivers, this project serves as a valuable alternative 
power source, particularly during the rainy season when 
the risk of flooding escalates and solar panels are rendered 
less effective due to overcast skies. (Tun et al. 2018).

METHODOLOGY

In this study, several procedures are conducted to determine 
the desired specifications for the hydropower network 
system. Figure 1 shows the flow chart for the procedures 
involved. For this analysis, there are two types of turbine 
runner blades (curved blades and straight blades) 
considered for the analysis. Figure 2 shows both turbine 
runner blade types. These designs will undergo a fluid 
analysis to determine which blade type offers better 
potential for efficiency. Experimental analysis is conducted 
for both types of turbine runner blades to validate the fluid 
simulation findings. The analysis involves establishing an 
enclosed water flow system using water pumps and 
suspending the turbine runners in the water. A tachometer 
is employed to measure the rotation per minute (RPM) of 
the turbine runners. The turbine runners are fabricated via 
3D printing based on the CATIA 3D models previously 
generated. Figure 3 depicts the setup of the enclosed 
system, accompanied by other tools and materials as 
labelled.

FIGURE 1. Flowchart 
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FIGURE 2. Turbine runner with curved blades (left) and 
turbine runner with straight blades (right)

FIGURE 3. Setup for experimental turbine blade analysis

In this experiment, a strip of reflective tape is affixed 
to a small area on the outer circumference of the turbine 
runner. This tape allows the laser from the tachometer to 
accurately determine the RPM. The turbine runner is 
suspended on a shaft held in position by several fishing 
lines. Two sets of experiments are conducted for each 
turbine runner: the first set employs one water pump, while 
the second set utilizes two water pumps. This variation in 
the number of water pumps allows for the collection of 
more data to enhance accuracy. Each set comprises three 
repetitions, with the average of the three measurements 
calculated. During each repetition, the turbine is allowed 
to spin briefly until it reaches a stable rotation, and the 
RPM reading is then taken. This ensures consistent and 
precise readings. The turbine exhibiting the highest overall 
RPM progresses to the subsequent analysis. Figure 4 
illustrates an example of how the reading is measured using 
the tachometer. As previously mentioned, the new 
hydropower generator system will comprise a combination 
of a Tyson-based system and a modified Straflo turbine. In 
practical application, permanent magnets will be affixed 
to the outer circumference of the turbine runners. These 
turbine runners will move laterally with stator coils, which 
will be positioned on the inner circumference of the turbine 

casing. The scaled prototype of the turbine runner has a 
diameter of 150mm and a thickness of 50mm. The 
assembled scaled prototype for the hydropower generator 
unit is depicted in Fig. 5.

FIGURE 4. Example of a reading measurement using a laser 
tachometer

FIGURE 5. Assembled scaled hydropower generator unit 
prototype

The chosen turbine runner from the previous analysis 
is arranged as shown in Fig. 6. The X, Y and Z axis are 
represented by the white lines labeled correspondingly.

FIGURE 6. Turbine arrangement with axis shown
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In this analysis, the distance between the centres of 
the turbines on the Y-axis starts at 200mm (Y value), while 
the distance between the centres of the turbines on the 
Z-axis also begins at 200mm (Z value). The distance
between turbines on the Z-axis and the turbine in the middle
of the X-axis starts at 0mm (X value), which remains
consistent for turbines on the Y-axis to the turbine in the
middle of the X-axis.

The simulation is divided into 3 parts, where part 1 
involves increasing X value from 0mm to 500mm with a 
constant Y and Z value at 200mm. Part 2 involves repeating 
the steps in part 1 but with Y and Z values at 300mm. Part 
3 involves repeating the steps in part 1 but with Y and Z 
values at 400mm. The limit is set at 400mm since the 
product will have limited space to operate and simplify 
installation. 

After arranging the turbine runners using CATIA, the 
3D models are exported into ANSYS for simulation. In 
ANSYS, an enclosure is created around the turbine runners 
to simulate a section of a river. A suitable mesh is generated, 
and input and output for the river water flow are assigned 
to the appropriate locations of the enclosure. Simulation 
conditions, such as river flow rate and material properties, 
are specified in ANSYS. For this simulation, a river flow 
rate of 0.5833 ms-1 is utilized, obtained from a previous 
hydropower assessment study conducted on local rivers. 
(Gasim et al. 2013).

The flow contours for each analysis are subsequently 
examined to understand how the river water flow interacts 
with the turbine runners. By utilizing the built-in calculator 
within the result window, the maximum torque for each 
analysis on each turbine runner is determined and 
documented. 

RESULTS AND DISCUSSION

Examples of velocity contours from the simulation are 
illustrated in Fig. 7 and Fig. 8. Figure 9 shows the result 
of the fluid analysis on a straight blade turbine runner, while 
Fig. 10 shows the result for a curved blade turbine runner. 
Based on the analysis results, the pressure accumulated on 
the turbine runner with curved blades reached 1.33147 Pa, 
significantly higher than the pressure on the turbine runner 
with straight blades, which measured at 0.204002 Pa. This 
indicates that the turbine runner with curved blades has the 
potential to rotate at a higher RPM compared to the turbine 
runner with straight blades under the same river velocity. 
Table 1 presents the experimental results for turbine runners 
with curved blades and straight blades.

FIGURE 7. Velocity contour on XY plane

FIGURE 8. Velocity contour on XZ plane

FIGURE 9. Pressure contour for straight blade turbine runner
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FIGURE 10. Pressure contour for curved blade turbine runner

TABLE 1. RPM readings of turbine runners
Run Curved Blades Straight Blades

RPM 
with 1 
Water 
Pump

RPM with 
2 Water 
Pumps

RPM with 
1 Water 
Pump

RPM 
with 2 
Water 
Pumps

1 12 35 9 25
2 12 33 11 27
3 14 35 8 27

Average 12.667 34.333 9.333 26.333

Table 1 demonstrates a significant difference in 
rotational performance between the turbine runner with 
curved blades and its straight-bladed counterpart. The 
turbine runner with curved blades exhibits a 35.7% 
performance advantage over the straight-bladed version 
when operated with a single water pump, and a 30.4% 
advantage when operated with two water pumps. These 
findings consistently favour the turbine runner with curved 
blades across both scenarios.

TABLE 2. Maximum torque generated on each turbine runners
Y, Z 

(mm)
X 

(mm)
T1 (Nm)
(×10-4)

T2 (Nm) 
(×10-4)

T3 (Nm) 
(×10-4)

T4 (Nm) 
(×10-4)

T5 (Nm) 
(×10-4)

Total T 
(Nm) (×10-4)

200

0 3.74082 3.74536 3.74722 3.74715 3.73372 18.71427
100 3.00482 3.01700 3.56108 3.53117 3.55106 16.66513
200 3.00446 3.00325 3.51109 3.41034 3.50976 16.43890
300 2.95445 2.9654 3.54727 3.36985 3.54289 16.37986
400 2.93042 2.90152 3.55828 3.32846 3.54806 16.26674
500 2.81107 2.84464 3.56912 3.31251 3.56227 16.09961

300

0 3.71530 3.71427 3.73100 3.79215 3.70916 18.66188
100 3.61434 3.60062 3.64046 3.67228 3.64495 18.17265
200 3.55679 3.54404 3.59844 3.59844 3.58204 17.87975
300 3.54020 3.53566 3.57207 3.53621 3.54510 17.72924
400 3.52737 3.51282 3.56705 3.52727 3.54501 17.67952
500 3.51282 3.50704 3.57556 3.53588 3.55759 17.68889

400

0 3.70443 3.68658 3.72847 3.75420 3.70182 18.57550
100 3.64967 3.65416 3.66140 3.68531 3.62466 18.27520
200 3.62104 3.61649 3.61035 3.60657 3.57534 18.02979
300 3.62213 3.57580 3.60789 3.60120 3.57861 17.98563
400 3.58866 3.58697 3.57713 3.58498 3.57308 17.91082

500 3.58157 3.57608 3.58764 3.58537 3.58780 17.91846

Table 2 presents the detailed results for turbine runners 
with curved blades in each ANSYS simulation analysis on 
the relationship between turbine arrangements and 
accumulated torque generation. Additionally, Figure 11 
illustrates the relationships between X, Y, and Z values, 

and the maximum torque generated. Furthermore, Figure 
15 offers a comparison of the relationship between Y and 
Z values of 200mm, 300mm, and 400mm, and the 
maximum torque.
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FIGURE 11. Relationship between Y and Z values of 200mm, 300mm and 400mm, and the maximum torque

From Figure 11, it is evident that the maximum torque 
increases with higher Y and Z values. Notably, there’s a 
significant difference observed at Y and Z values of 200mm 
compared to 300mm and 400mm. This disparity may stem 
from the constrained water flow at Y and Z values of 
200mm due to the closer proximity of the turbine runners. 
As the turbine runners become more spaced out, such as 
at Y and Z values of 300mm, the water flow can distribute 
more evenly and recover from its turbulent state, resulting 
in improved rotations.

Additionally, from Figure 11 the parameter X also 
plays a significant role in determining the generated torque. 
When X = 0, the torque reaches its peak because the water 
flow impacting the entire turbine maintains its initial 
potential energy. However, employing an arrangement with 
X = 0 substantially reduces water velocity due to the limited 
space between the initial wall-like arrangement of turbine 
runners. Consequently, the water flow may not have 
sufficient energy to rotate the subsequent turbine runners 
effectively. While this arrangement may yield superior 
results in terms of torque generation, it may not be practical 
for environments utilizing multiple similar turbine 
arrangements.

It is recommended to further investigate water flow 
dynamics across arrangements with multiple turbine 
runners. Additionally, conducting experiments with larger-
scale water flow systems could provide more practical 
insights into rotational performance, aiding in the 
determination of an optimized X value for Malaysian river 
conditions.

While certain arrangements may yield promising 
results in simulations, they also may not be practical for 
real-world applications involving multiple similar turbine 
arrangements. For future enhancements, employing more 
precise simulations with enhanced computational 

capabilities can provide deeper insights into water flow 
dynamics. This, coupled with experiments utilizing larger-
scale water flow systems, can refine the optimization of X 
values, contributing to the development of the most 
effective turbine runner arrangement.

CONCLUSION

It is clear that adopting a more spaced-out turbine 
arrangement can result in higher total torque values, a 
significant advantage for a hydropower generator. Optimal 
clearance between turbines, typically ranging from 300mm 
to 400mm along the X, Y, and Z axes, yields a favourable 
torque range. However, a constraint on the lateral distance 
between turbine runners becomes necessary as rivers do 
not offer infinite space. This limitation is essential to 
streamline installations and minimize the utilization of 
river space, ensuring that other users such as humans and 
animals can freely access and utilize the river.
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