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Abstract 

The demand for electrical energy in Indonesia is growing, and 

therefore more effort is required to fulfill this need. Indonesia has 

considerable hydropower potential due to its geographical location 

and climate, by utilizing areas that have this potential to support the 

government's renewable energy program to provide electricity to the 

community. Impeller turbines are one option in an effort to create 

renewable energy generation. In this study, a comparison of the 

number of turbine blades was carried out using the Computational 

Fluid Dynamics (CFD) method, three models are 11, 13, and 15 blade 

impeller turbines designed at water with a runner diameter of 200 mm, 

blade thickness of 2 mm and an angle of 30 degrees then simulated 

using Comsol Multiphysics against different water flow rates. The 

simulation results show that the 11-bladed turbine model I has better 

performance because it has a lower pressure value but has a better 

velocity value compared to the two models simulated. 
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1 Introduction 

Energy plays a significant role in a nation's development if its 

availability and development coincide with that nation's development 

[1]. In recent years, the issue of rising energy demand has emerged as 

one of the most pressing [2] due to the world's increasing population. 

To meet energy needs, there must be a global awareness and 

commitment to reduce the use of nonrenewable energy and shift to 

renewable energy. Indonesia is renowned for its profusion of natural 

resources, including fossil and non-fossil energy [3], and the country's 

energy demand is rising in tandem with its growing population and 

economy [4]. The foundation for expanding the use of renewable 

energy in the provision, security, and independence of national energy 

is the Indonesian government's strategy to maximise the country's 

energy potential. This policy is also supported by the abundant 

potential for new and renewable energy in Indonesia, which differs 

from region to region due to the country's vast size. With a favourable 

geographical location and climate, hydropower has a substantial 

amount of potential. 

Numerous rivers in Indonesia can be used as an alternative energy 

source, with micro-hydro power facilities being one of them [5–9]. 

Micro-hydro is frequently viewed as a viable option for meeting the 

electricity requirements of rural communities [10, 11], is more 

reliable and less expensive than generators powered by other raw 

materials, and is regarded as a renewable energy source [12]. Micro 

hydro depends heavily on the availability of discharge and the height 

of the water fall that can propel turbines  [13].  

The significance of design when displaying turbines Several 

investigations on CFD turbines have been conducted, according to 

Daneshkah and Zangeneh [14]. This article explains the parametric 

design of a Francis turbine runner. The geometry of the runner is 

parameterized using a 3D inverse design method, and CFD analyses 

were undertaken to evaluate the hydrodynamic and suction 

performance of various design configurations. On the basis of this 

research, an optimal configuration was devised that produces a 

cavitation-free flow in the raceway while maintaining a high level of 

hydraulic efficiency. The paper focuses on design guidelines for the 

application of the inverse design method to Francis turbine runner 

components. Since they are based on flow field analyses and 

hydrodynamic design parameters [14], the design guidelines have 

general applicability and can be applied to analogous design 

applications. 

Kaewnai & Wongwises studied to improve the runner design of 

the Francis turbine and analyse its performance using the 

Computational Fluid Dynamics (CFD) technique. The runner design 

procedure employs a direct method with a design conditions flow rate 

of 3.12 m3/sec. At the moment of design, results from calculating 

runner's performance were approximately 90%. Existing absolute 

velocity component from CFD simulation revealed undulating flow 

at runner exit. This method [15] can be used to simulate the runner's 

performance of the Francis turbine based on the comparison between 

simulation results and experimental data from previous work reported 

in the literature. 

Binama et al.  used a pump-as-turbines (PATs) in water 

distribution systems for energy regulation and hydroelectricity 

generation has garnered the attention of energy industry players. Due 

to PAT's inability to control flow in such dynamic systems, the power 

production efficacy of PAT is still problematic. This eventually 

resulted in the development of the so-called "variable operating 

strategy" or VOS, in which the impeller's rotational speed can be 

adjusted to meet the system's required flow conditions. The results of 

the study indicate that both the PAT's flow and pressure fields 

diminish as the machine's influx decreases, and that an increase in 

impeller rotational speed reduces PAT pressure pulsation levels under 

high-flow operating conditions but exacerbates them under part-load 

conditions. The findings of this study add to a comprehensive 

understanding of PAT flow dynamics, which, in the long run, 

contributes to the resolution of the existing technical problems. [16]. 

Biner et al. studied the runner fatigue damage during start-up in 

generating mode of a 5 MW variable speed Francis pump-turbine 

prototype equipped with an FSFC is numerically analysed and 

compared to a fixed speed solution following a BEP tracking control 

strategy.  Simulations of 1D hydraulic transients provide boundary 

conditions for 3-D CFD/FEA simulations.  The use and comparison 

of complete and reduced numerical domains are demonstrated.  Using 

variable speed actuators for turbine start-up manoeuvres results in a 

significant reduction of partial damages, according to the overall 

findings of the present numerical study [17]. 

Tengs et al. studied the design optimisation of constrained to blade 

design dengan tujuan meningkatkan efisiensi hidrolik. As a result of 

numerical optimisation of the design, it is possible to acquire a small 
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but significant increase in torque and efficiency while drastically 

reducing structural stresses [18].  

This study seeks to determine and obtain the relationship between 

the number of turbine impeller blades and computational fluid 

dynamics (CFD) analysis based on some of these studies. 

2. Research Methods 

This hydro turbine impeller research examines the effect of the 

number of blades chosen on the optimisation of the turbine in 

obtaining kinetic energy from the fluid it circulates. There are three 

variants of the turbine impeller, with 11 blades (model I), 13 blades 

(model II), and 15 blades (model III). Changing the blades of the 

turbine is one option for optimising energy extraction with the 

impeller. 

This study seeks to determine and obtain the turbine impeller's 

efficiency by counting and configuring the number of blades. Comsol 

Multiphysics 6.0 is utilised to evaluate the analysis of Computational 

Fluid Dynamics (CFD), where CFD is the capacity to conduct 

experimental and analytical approaches. Water fluid flow is modelled 

in three dimensions. Flow Mesh and simulations generated with the 

CFD software Comsol Multiphysics. To obtain the quantitative 

characteristics of the water flow to the turbine structure, simulations 

were performed. The turbine impeller is made of plastic. For the 

purpose of determining the hydrodynamic characteristics of the 

impeller hydro turbine, numerical analysis is utilised. Variations in 

turbine angular velocity (rotating zone) are depicted in a view of 

turbine performance (19). Model testing on hydraulic turbines is 

crucial for the design and performance of turbines derived from CFD 

simulation results. 

Three-dimensional turbulent flow is used to characterise the 

internal flow of a hydraulic turbine in hydrodynamics. The k-omega 

model is a type of Reynolds-averaged Navier-Stokes (RANS) model 

that is commonly used in computational fluid dynamics (CFD) 

simulations to model turbulent flows. which is characterised by the 

time-averaged N-S equation of Reynolds [20]. 
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K − ω Turbulence Model Equation (Eq. 3): 
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Pk is turbulent production describing as (Eq. 4-5):    
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Eddy-Viscosity describing as (Eq. 6):             
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These six formula equations (Eq. 1-6) are used in the 

implementation of numerical simulation on boundary conditions in 

the CFD Comsol k-omega model software platform. 

The steps in CFD simulation include creating geometry, meshing, 

defining boundary planes on the geometry, and checking the mesh 

[21], [22]. 

The first step in the numerical method is to design a hydro turbine 

impeller geometry model with a runner diameter of 200 mm, a blade 

thickness of 2 mm and and angle of 30 deg shown in Fig 1. with three 

variations of models consisting of 11 blades (model I), 13 blades 

(model II) and 15 blades (model III) shown in Fig 2. 

 

 

Fig. 1. Turbine dimensions 
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Fig. 2. Turbine design 

Flow rate inlet has a constant flow rate profile for 0.2, 0.8, 1.4, and 

2 m3/s (Tabel 1), and pressure outlet has a value of atmospheric 

pressure. For the purpose of assuring the continuity of the flow field, 

a rotating interface is established around the turbine's circumference. 

The inner zone of the flow field is referred to as the turbine zone and 

is designated as the interface between the domain and turbine. The 

turbine zone is distinguished by a mesh that rotates with the same 

angular velocity as the rotor [23].  

Boundary Condition For fluid domain to operate, the actual 

operating boundary conditions must be provided.  Set the inlet 

domain's boundary conditions to a distinct flow rate based on the 

working conditions, and set the outlet domain's boundary conditions 

to an average static pressure of 1 atm. Fig. 3 depicts the domain (3D) 

as a result. 

 
Fig. 3. Flow field 

 

The meshing element is shown in Fig 4. 

 

 

         Fig. 4. Computational mesh  

Tabel 1. CFD Parameters 

Parameter CFD code 

Flow simulation  The k-omega model 

Mesh Structured (fine) 

Fluid H2O 

Material ABS 

Inlet Flow rate 0.2, 0.8, 1.4 dan 2 

m3/s 

Outlet 1 atm 

Wall No Slip 

 
2 Results and Discussion 

The simulation results of the three models with model I turbine 11 

blades, model II turbine 13 blades and model III turbine 15 blades are 

shown in Fig 5-10 with 2 m3/s. 

In the simulation of the 11-blade turbine model I, flow rates of 0.2, 

0.8, 1.4 and 2 m3/s simultaneously obtained results in the form of 

maximum velocity values of 0.38, 2.02, 3.75 and 5.5 m/s while 

minimum velocity has values of 0.0097, 0.05, 0.1 and 0.14 m/s. 
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In Pressure, the maximum values are 534, 8360, 25100 and 50600 

Pa and the minimum Pressure values are -17.9, -1140, -5200 and -

12700 Pa. 

Model II of the 13-blade turbine at simulated flow rates of 0.2, 

0.8, 1.4 and 2 m3/s simultaneously obtained results in the form of 

maximum velocity values of 0.34, 1.86, 3.52 and 5.23 m/s 

respectively while minimum velocity has values of 0.0086, 0.05, 0.09 

and 0.14 m/s. In Pressure the maximum values are 539, 8430, 25300 

and 51000 Pa and the minimum Pressure values are -19, -957, -4560 

and -11300 Pa. 

The simulation results of model III of the 15-blade turbine flow 

rate of 0.2, 0.8, 1.4 and 2 m3/s simultaneously obtained results in the 

form of maximum velocity values of 0.32, 1.83, 3.5 and 5.2 m/s 

respectively while minimum velocity has values of 0.0082, 0.05, 0.09 

and 0.13 m/s. In Pressure, the maximum values are 542, 8480, 25400 

and 51200 Pa and the minimum Pressure values are -16.9, -1020, -

4700 and -11700 Pa. 

 

 

Fig. 5. Model I velocity simulation results 

 

 

Fig. 6. Model I pressure simulation results 

 

Fig. 7. Model II velocity simulation results 

 

Fig. 8. Model II pressure simulation results 

 

Fig. 9. Model III velocity simulation results 
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Fig. 10. Model III pressure simulation results 

Fig. 5-10 depicts the runner's velocity and pressure. The results of 

the CFD simulation indicate that the minimum velocity occurs in the 

crown region and increases towards the band region, where the 

maximum velocity exists. It is favourable that the utmost velocity of 

a hydro turbine can reach up to 5 metres per second. The effects of 

higher velocity in a turbine are increased kinetic energy and attrition 

of the turbine blades, as well as a significant increase in noise.  

In contrast, the CFD simulation results indicate that the pressure 

is lowest in the band region and increases towards the crown region, 

where it is highest. This is due to a different work distribution in the 

runner resulting from the stacking condition, which enhances blade 

loading towards the crown and decreases it towards the band. The 

pressure range for an ABS CFD turbine will be several hundred 

pounds per square inch [24, 25]. 

ABS is therefore a material with high mechanical strength and 

tensile strength, and it is frequently used in applications requiring 

resistance to impact and attrition. No cavitation occurs The CFD 

simulation outcomes indicate. 

From the simulation results that have been carried out, a graph is 

obtained to further clarify the description, shown in Fig 11-14. 

 

 

Fig. 11.  Max contour velocity 

 

Fig. 12. Min contour velocity 

 

Fig. 13. Max pressure 

 

Fig. 14. Min pressure 



316 

 
Disseminating Information on the Research of Mechanical Engineering - Jurnal Polimesin Volume 21, No. 3, June 2023 

CFD simulation results on turbine performance can be consistent 

with the increase in flow. Model I 11-bladed turbine has a higher 

maximum value compared to the other two models because it is 

lighter.  

Pressure results show a linear relationship to flow rate with an 

increase in value influenced by flow. Model III 15 blades has the 

highest pressures value because it has more area than the two models.  

The CFD simulation results on turbine performance can be 

consistent with the increase in flow. This is shown by the linear 

relationship between the water flow parameters and the velocity and 

pressure results [15]. The velocity parameter shows how much the 

water flow velocity varies through the water turbine configuration 

with various flow velocities. The velocity variation increases 

consistently with increasing flow rate. The velocity of the 11-bladed 

turbine configuration in Fig 3. is higher than that of the 13-bladed and 

15-bladed turbines at the maximum velocity contour with a value of 

0.3 m/s. The increase in pressure accompanies the increase in flow 

rate and field area. The 15-bladed turbine configuration has a higher 

maximum pressure than the 11 and 13-bladed turbines in the flow rate 

parameter. The maximum pressure at 2 m3/s is 51200 Pa 

3 Conclusions  

In a water turbine configuration, the CFD simulation results 

demonstrate a linear relationship between water flow parameters, 

velocity, and pressure. As the flow rate increases, so does the velocity 

variation, and as the flow rate and field area increase, so does the 

pressure. At the maximum velocity contour, the 11-bladed turbine 

configuration has a higher velocity than the 13 and 15-bladed 

turbines, while the 15-bladed turbine configuration has a higher 

maximum pressure than the 11 and 13-bladed turbine configurations 

at the given flow rate of 2 m3/s. These results indicate that CFD 

simulation can provide valuable insights into turbine performance and 

assist in optimising turbine design for optimum efficiency. Model I of 

the 11-bladed turbine performs better than the other two simulated 

models due to its lower pressure value and higher velocity value. 
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