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Hydropower is a renewable energy source with a lot of potential in Southeast Asian 

countries, with a total energy potential of 152,257 MW in Southeast Asia. The 

development of a hydro-turbine design is required due to the enormous hydropower 

potential. The turbine's runner is critical for converting fluid internal energy into kinetic 

energy. A cross-flow turbine that has gained popularity recently is the banki-turbine. 

The research that has been done is three-dimensional modeling of the banki-turbine 

with the CFD method. This study aims to determine the effect of the blade's angle on 

turbine performance. This research's steps are design, mesh independence, validation, 

simulation, and analysis. Modeling research was conducted with variations of blade 

angles 10˚, 15˚, and 20˚. Schematic modeling using a steady state condition, the 

turbulent type Shear Stress transport (SST), and the tetrahedral mesh method. The 

modeling consists of a rotating zone and a stationary zone. The water inlet velocity is 3 

m/s, and the outlet pressure equals the room pressure (1 atm). Simulation of banki-

turbine operated in 50 RPM until 350 RPM of angular velocity. One of the analyzes 

used is Factorial Design. The best performance Cpmax is obtained from the variation 

of the blade's angle of 15˚ on 0.28. 
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1. INTRODUCTION

Southeast Asia is made up of countries with extensive 

aquatic areas. As shown in Table 1, the potential for hydro 

energy in Southeast Asian countries is enormous. The 

combined hydropower capacity of the four Southeast Asian 

countries is 152,275 MW [1]. Table 1 shows an excellent 

opportunity to develop hydropower plant technology. As 

shown in Figure 1, the development of hydropower technology 

will increase hydro energy's share of Southeast Asia's energy 

production mix, which is currently dominated by coal and gas. 

In 2000, hydropower accounted for 13.2% of the energy mix; 

by 2020, it is projected to account for 14.4% [2]. 

Table 1. Hydropower potential in Southeast Asian [1] 

No. Country Hydropower potential 

1. Indonesia 75,000 MW 

2. Malaysia 22,500 MW 

3. Thailand 15,155 MW 

4. Myanmar 39,720 MW 

Hydropower is a clean energy source that can be converted 

into electrical energy. Figure 2 shows that the hydropower mix 

only increased by 1% in the past 20 years. One way to improve 

the Hydropower composition in electrical energy sources is to 

develop technology for converting hydropower into electrical 

energy. The component used in converting hydropower into 

electrical energy is a turbine. In this decade, research on water 

turbines has increased, both experimental study [3-5] and 

research modeling [6-8]. In addition, a number of scholarly 

articles that take the form of literature reviews have been 

written and published on the subject of hydro turbines [9-11]. 

Figure 2 shows the number of research on water turbines in the 

last five years tends to increase. The data was obtained from 

the commercial journal's index by searching for the keyword 

"hydro-turbine and water-turbine." 

Figure 1. Energy mix in Southeast Asia in 2000 and 2020 

Cross-Flow Hydro turbine based on “Driving Force” 

consists of drag force based configuration, lift forced based 

configuration, and hybrid configuration. A turbine with a drag 

force-based configuration has the advantage of good 

efficiency but lacks self-starting capability. An example of this 

type of cross-flow turbine is the Darrieus Rotor. The second 

type is a drag force-based configuration, where this rotor has 

the better self-starting capability but has low efficiency. 
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Turbine with Hybrid configuration combines lift force and 

drag force, examples of the application of this type is darrieus 

rotor outside and savonius rotor inside; darrieus upside and 

savonius rotor downside; and darrieus downside and savonius 

rotor upside [12]. The Savonius turbine and the banki-turbine 

are quite popular turbines developed because they both have a 

simple shape and can be operated using air or water fluids. 

Changes in geometry are still the primary research to improve 

turbine performance, such as PSA [13], Aspect Ratio [14], 

Number of blades [8, 15], Overlap ratio [16], Number of stages 

[6], and shape of blade [3]. However, apart from the geometric 

aspect, several other factors also influence, such as the rotor 

material factor [17-20]. 

 

 
 

Figure 2. Histogram of increased research on hydro turbines 

 

Investigations into the capabilities of the banki-turbine have 

been carried out. The method of computational fluid dynamics 

was utilized in order to conduct an investigation into the banki-

turbine. Ansys Student version 2021 with the CFX solver was 

the modeling software that was utilized throughout this 

process. In this particular piece of research, a three-

dimensional modeling process has been carried out making 

use of different blade angles on the runner. There are three 

different runner angles available: 10˚, 15˚, and 20˚. The 

purpose of this research is to determine how the angle of the 

blades affects the performance of a banki-turbine type water 

turbine (Cross-flow type) equipped with a runner that has 28 

blades. 

 

 

2. LITERATURE REVIEW 
 

The banki-turbine is a type of cross-flow turbine. This 

turbine is suitable for use as a tool to convert kinetic energy 

into electricity in hydropower plants. The advantages of the 

banki-turbine are that it has a simple structure, produces stable 

performance at various discharge variations, and is easy to 

manufacture. Banki-turbine has a mechanical system 

characterized by the continuous rotation of a runner caused by 

water and the conversion of mechanical energy in the rotation 

into electrical energy through a generator [4]. Parameters that 

affect banki-turbine performance are the number of blades, 

diameter ratio, and blade design [7]. Research on changes in 

the blade’s shape that has been done can increase by 1% - 7.3% 

the performance with a regular blade shape [20]. In another 

study, modifying the blade's shape increased the power 

coefficient by 7.23% [21].  

The aerodynamic performance of the banki-turbine is 

shown by the value of the coefficient of power (Cp) and the 

coefficient of moment (Cm). Another non-dimensional 

parameter used is Tip Speed Ratio (TSR). The non-

dimensional parameters are shown by Eqns. (1)-(3), as follows 

[22]: 
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where, T is the torque produced by the banki-turbine, is the 

angular velocity; and A is the projection area of the turbine. 

TSR is a tip Speed ratio, where R is the turbine radius; and V 

is the fluid velocity. 

An experimental study must be performed prior to 

conducting modeling research. The value obtained from 

modeling is then compared to empirical research; this 

comparison is known as the mean absolute error (MAE). 

Where MAE is represented by Eq. (4), the value of MAE can 

be in the range of 7% [23]. 
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Factorial design is a type of analysis used in research to 

determine the effect of existing factors [24-27]. This research 

uses a factorial design analysis, with two variables considered: 

the rotational speed factor and the blade angle. We can 

conclude the significance of each factor and determine the 

interaction of the two factors using a factorial design. In order 

to draw conclusions from the factorial design analysis results, 

compare the F value of the results to the F value in the table 

based on the degrees of freedom for that factor. Eqns. (5)-(9) 

provide the basic calculations, which are then presented in 

Table 2 [24, 25]. For each effect, the sum of squares equation 

is in the research [24]: 
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𝑆𝑆𝐴𝐵 = 𝑆𝑆𝑆𝑢𝑏𝑡𝑜𝑡𝑎𝑙 − 𝑆𝑆𝐴 − 𝑆𝑆𝐵 (8) 

 
𝑆𝑆𝐸 = 𝑆𝑆𝑇 − 𝑆𝑆𝑆𝑢𝑏𝑡𝑜𝑡𝑎𝑙 (9) 

 

When referring to a research factor denoted by A and B, the 

notation "a" and "b" indicates the degree of freedom 

associated with that factor. The AB notation is used to estimate 

the interaction that occurs between factors A and B. After that, 

the outcomes of the calculations carried out based on Eqns. 

(5)-(7) are depicted in Table 1 [24]. 
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Table 2. Presentation of factorial design [24] 

Var SS DOF Mean Square F0 

A SSA a-1 𝑀𝑆𝐴 =
𝑆𝑆𝐴

𝑎 − 1
𝐹0 =

𝑀𝑆𝐴

𝑀𝑆𝐸

B SSB b-1 𝑀𝑆𝐵 =
𝑆𝑆𝐵

𝑏 − 1
𝐹0 =

𝑀𝑆𝐵

𝑀𝑆𝐸

AB SSAB (a-1)(b-1) 𝑀𝑆𝐴𝐵 =
𝑆𝑆𝐴𝐵

(𝑎 − 1)(𝑏 − 1)
𝐹0 =

𝑀𝑆𝐴𝐵

𝑀𝑆𝐸

Error SSE Ab(n-1) 𝑀𝑆𝐸 =
𝑆𝑆𝐸

𝑎𝑏(𝑛 − 1)
Total SST Abn-1 

3. DESIGN AND MODELING

Research on banki-turbines with 28-blades was carried out 

using three-dimensional modeling. The research used Ansys 

student software with Solver CFX. Variations made are 10˚, 

15˚, and 20˚ blade angles. The design and dimensions of the 

banki-turbine are shown in Figure 3. The banki-turbine has a 

height (H) of 130 mm, an outer diameter (D) of 80mm, an 

inner diameter (d) of 60mm, and a thickness of 2mm. The 

zones in the banki-turbine model are divided into two, a 

rotating zone and a stationary zone [8, 13, 15]. The rotating 

zone is the runner zone and the rotating interface, and the 

stationary zone is the runner's home zone and boundary 

conditions. Figure 4 shows the rotating zone and stationary 

zone. The rotating zone consists of an interface and a runner, 

while there are boundary and interface conditions in the 

stationary zone. 

Figure 3. Design with variations in the angle of the blade 

Figure 4. Rotating zone and stationary zone 

Meshing is carried out on this banki-turbine modeling using 

the Tetrahedral type [4]. Tetrahedral is applied to all modeling 

geometries, both rotating zones and stationary zones [28]. In 

the rotating zone, inflation is also applied to the rotor wall so 

that the mesh quality is better [29]. Figure 5 shows the 

resulting mesh in the rotating zone and stationary zone. Mesh 

independence is used to get the best meshing [13, 30]. Mesh 

independence is done by making changes to the mesh size [13]. 

There are five types of settings that have been created. The 

results of the independent mesh are shown in Figure 6. The 

mesh independence shows that the fifth size setting has good 

results, where there is no change in the value of torque [31]. 

Table 3 shows the value of mesh independence. 

Figure 5. Mesh results for rotating zone and stationary zone 

Figure 6. Graph of independent mesh results 

Table 3. Mesh independence result 

No Number of element Discrepancy 

1. 990,774

2. 990,796 0.5% 

3. 990,895 1.0% 

4. 990,965 0.1% 

5. 990,991 0.1% 

Before taking data on the planned model, benchmarking has 

been done first. Benchmarking has been carried out on 

Makarim's research [31]. Figure 7 shows the benchmarking 
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results between the modeling research carried out with 

Makarim's research. The error calculation uses equation 4 so 

that there is a difference of 6.33% between the research 

conducted and Makarim's research. An error or discrepancy of 

6.33% in this modeling is acceptable because the limit used is 

less than 7% [23, 28, 30]. 

Figure 7. Benchmarking research using modeling with 

Makarim's research 

The banki-turbine modeling is carried out in three 

dimensions in a steady state [7, 8]. The schematic of the 

modeling is shown in Figure 8. The turbulence type used in 

this study is SST [7, 8, 14]. This study uses the SST turbulence 

type because it has a higher error rate. Small compared to the 

K-epsilon type [7]. The inlet velocity of the water fluid is 3

m/s with a subsonic flow type and an output pressure of room

pressure (1 atm). The wall in the modeling uses a no-slip wall

boundary condition, and a wall roughness type used is a

smooth wall. The outlet in the modeling uses opening

conditions with the subsonic flow and uses 5% intensity on

turbulence. The interface that connects the stationary zone

with the rotating zone is fluid to fluid. The target residual in

this study is 10-3. This model runs at an Angular Velocity of

50-350 RPM.

Figure 8. Schematic of the model 

4. RESULTS AND DISCUSSION

Research to determine the effect of the angle on the runner 

blade on the aerodynamic performance of the banki-turbine 

has been carried out using the computational fluid dynamics 

method. The results are the result of the resulting torque value, 

which is then converted to Cm. and power performance 

parameters using Eqns. (1)-(3). The results of these 

calculations are shown in Figure 9. 

Figure 9. Graph a) coefficient of moment and b) coefficient 

of power 

Figure 9 (a) shows a graph of the relationship between the 

coefficient of moment and the angular velocity. The graph 

shows the best performance coefficient of moment is the 

turbine tray with a runner angle of 15˚. The cmmax produced 

by the 10˚ runner is 1.16; runner 15˚ is 1.68; and runner 20˚ is 

1.41. The results of Cm are shown in Figure 10.a is following 

the phenomenon in turbines in general, where the higher the 

angular velocity, the value of Cm will decrease. The worst Cm 

performance is shown on the banki-turbine with a blade angle 

of 10˚. In the graph, it can be seen that the angle of the blade 

influences the Cm generated by the banki-turbine. 

The Coefficient of Power performance of the banki-turbine 

is shown by the graph of the relationship between Cp and 

Angular velocity in Figure 9 (b). The graph shows the best Cp 

produced by runners with blade's Angle 15˚. The second best 

performance was on the runner with a blade's angle of 20˚ and 

the worst on the runner with a blade's angle of 10˚. The cpmax 

produced by a runner with a blade's angle of 10˚ is 0.14, and 

that of a runner with a blade's angle of 20˚ is 0.18. the 

phenomenon of Cp on the blade's Angle 10˚ and 20˚ shows 

that Cpmax is produced at an angular velocity of 150 RPM. 

Cp continues to increase until the Angular velocity is 150 

RPM, then Cp decreases at the next angular velocity. Runners 

who use a blade's angle of 15˚ produce a Cpmax of 0.28. 

Cpmax is generated at an angular velocity of 250 RPM. The 

calculation of the coefficient of power shows that the blade's 

angle affects the performance of the banki-turbine. 

The velocity phenomenon in the banki-turbine modeling is 
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shown in Figure 10, which shows the velocity contour, and 

Figure 11, which shows the velocity vector. In Figure 10, the 

contours displayed by each runner variation show almost the 

same pattern. The difference is seen in the size of the wake 

zone. The wake-zone on the blade's angle 15˚ variation is 

smaller than the others. The maximum speed produced by the 

blade's angle 15˚ is 5.24 m/s, while the blade's angle of 10˚ and 

20˚ produces a maximum speed of 5.187 m/s and 5.188 m/s. 

The velocity vector in Figure 11 shows the same pattern in the 

same direction for all variations of the banki-turbine. 

Figure 10. Velocity contours on a) Blade’ Angle 10˚, 

b) Blade’ Angle 15˚, and c) Blade’ Angle 20˚

Figure 11. Velocity vector on a) Blade’ Angle 10˚, 

b) Blade’ Angle 15˚, and c) Blade’ Angle 20˚

Figure 12. Pressure contour on a) Blade’ Angle 10˚, b) 

Blade’ Angle 15˚, and c) Blade’ Angle 20˚ 

Figure 12 shows the pressure contour in the fluid, while 

Figure 13 shows the pressure contour in the runner. Figure 12 

shows that the runner with a blade's angle of 15˚ has a wider 

area of high pressure than the other variations. This 

phenomenon shows the correlation with the performance 

results shown in Figure 9. The maximum pressure generated 

by each rotor is 118.02 Pa (blade's angle 10˚), 118.74 Pa 

(blade's angle 15˚), and 118.5 (blade's angle 20˚). Figure 13 

shows that the three runners have a contour equation, where 

the maximum pressure is in the area perpendicular to the fluid 

flow and has a low pressure at the endplate. 

Figure 13. Pressure contour on runner body a) Blade’ 

Angle 10˚, b) Blade’ Angle 15˚, and c) Blade’ Angle 20˚ 

Table 4. The results of the factorial design analysis (two-

factor) in the banki-turbine modeling 

Variation SS DOF MS F0 

Angular Velocity 0.021 5 0.00 2.16 

Blade's Angle 0.057 2 0.03 14.64 

Interaction 0.000 1 0.000 0.02 

Error 0.018 9 0.0019 

Total 0.10 17 

The analysis is strengthened using Factorial Design tools to 

determine the significance of the effect of blade angle. The 

factorial design used is a two-factor analysis [25, 26]. The 

factors in this study are the angular velocity and the blade's 

angle. Calculations using Eqns. (5)-(9) and Table 1. The 

results of the analysis carried out are shown in Table 4. The 

table shows F0 of the Angular velocity of 2.16 and F0 of the 

blade's angle of 14.64. F0 results show that the influence of the 

blade's angle is greater than the angular velocity, where the F0 

value of the blade's angle is more significant. Then to find out 

the significance of each factor, is to compare the value of F0 

in Table 3 with F0 in Table 5. Angular velocity has an 

insignificant effect on Cp performance, which is shown 

because F0 at angular velocity < F0 Table 5. Blade's angle has 

a significant impact indicated by the F0 > F0 table value. For 

the interaction between the two factors, based on the F0 

comparison, the interaction shows that there is no interaction 

between the angular velocity factor and the Blade's Angle 

factor. 

Table 5. F0 distribution value [24] 

α= 0.05 

DOF v1

v2 1 2 5 

17 4.45 3.59 2.81 

5. CONCLUSION

The findings of a study that used three-dimensional 

modeling to determine the effect of blade angle on banki-

turbine performance show that a runner with a blade angle of 

15˚ Cpmax produces the best performance of 0.28. The angle 
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of the blade was found to have a significant effect in a two-

factor factorial design analysis. There is no interaction 

between the angular velocity factor and the angle of the blade, 

according to factorial design analysis. The velocity contours 

back up these findings, demonstrating that the 15˚ angle blade 

has a smaller wake zone and a wider high-pressure surface 

than the others. According to the findings of this study, the 15˚ 

angle of the blade can be used as an alternative design for the 

banki-turbine. 
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