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In this study, computational fluid dynamics (CFD) methods were adopted to 

predict the runner blade performance of the propeller turbine. The geometrical 

parameters and internal performance parameters, such as flowrate (0.08 – 0.2 

m3/s), and the turbine runner model based on the three different blade angles (i.e., 

25 degrees, 30 degrees, and 35 degrees), were analyzed, using Fluent ver.18.2. 

CFD commercial code. The Reynolds Averaged Navier Stokes equation with the 

shear stress transport k-ω turbulence models used to simulate the unsteady model, 

to predict the turbine performances by investigating dimensionless parameters 

such as tip speed ratio (λ), power coefficient (Cp), torque (T), etc. The 

performance characteristics of the runner blade on CFD data were compared 

with the reference case to analyze the suitability of the blade angle in potential 

energy extraction. The analysis found that the interaction between the flowrate 

and blade angle affects the performance of the turbine. The performance 

efficiency of the runner blade had also consistently shown the characteristic trend 

of nonlinear increases to peak to an optimum value, before decreasing with 

increased blade angle. Results found that both the power coefficient and the 

efficiency were higher for the blade angle of 25 degrees than for the blade angles 

of 30 degrees and 35 degrees. 
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1 1. INTRODUCTION 

Since climate change represents an important global 

issue, several countries have increased their support 

mechanisms towards renewable energy (wind energy, 

solar cells, geothermal, biomass and hydropower) [1]. 

Hydropower constitutes a green technology that is cheap, 

environmentally friendly, and vital for the future of 

sustainable energy [2], with approximately 16 percent of 

the world’s electrical energy needs [3]. Hydropower 

plays a significant role in electricity production in more 

than 150 countries [4]. Canada, China, and the United 

States are countries with the largest hydroelectric 

capacity [5]. Apart from being more efficient, 

hydropower is a better renewable energy source than 

wind or solar energy [6]. It is the only source of 

regenerative power that can supply electricity on an 

industrial scale and at a competitive cost, compared to 

fossil fuel energy [7], and [8]. 

 As an archipelago, Indonesia has a huge 

hydropower potential, extending from Sabang to 

Merauke, only 9.4 percent of which is exploited [9]. The 
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low utilization of the available green energy potential is 

due to the high level of investment required, the site’s 

geographical location, the lack of human resources to 

operate and maintain the existing factory system, and the 

limitations of current day conventional turbines [10]. 

The most commonly utilized turbine for low head 

potential is the Kaplan turbines, capable of operating at 

a range of 2-40 meters [11]. However, this type of 

turbine requires relatively complex canals or channels to 

regulate water flow before and after the turbine, to 

achieve optimal performance. Hence, small hydropower 

using propeller turbines, which can operate in low head 

conditions (mainly “run of river”) is the right choice for 

this goal [12], with its ability to overcome obstacles not 

found in conventional turbine designs [13]. The axial 

flow propeller turbines for low head micro-hydropower 

in Indonesia have been studied [14]. This turbine is very 

simple and does not require flow control before and after 

the turbine [15]. The design of this turbine is compact, 

suitable for isolated rural areas [16], particularly in 

Indonesia. Nevertheless, attention to this from 

researchers and equipment manufacturers is still less. 

However, this turbine can prove to be an innovative, 

environmentally friendly, and cost-effective solution for 

producing energy [17], since it can be integrated into a 

decentralized, off-grid design for rural areas that have 

limited access to electricity [18]. 

 The main aspect of the propeller turbine as a 

hydropower on the low head conditions is the turbine, 

which can produce electricity with the maximum power 

using the mechanics power (torque) delivered by the 
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runner. At the low flow rate, the higher the propeller 

turns, the greater the power output. When the propeller 

rotation reaches its peak (stall), the power will start 

decreasing slowly [19]. Thus, it is important to 

understand the blade design for optimal turbine 

performance, leading to the best efficiency point (BEP) 

[20]. The runner blade is the main component in the 

propeller turbine, which directly converts the potential 

energy contained in water into torque at the turbine shaft. 

Some of the factors that affect propeller turbine 

performance are the blade angle, the number of blades, 

and the turbine diameters. For a cost-effective design, it 

is important to predict the hydraulic behaviour before 

application. The experimental approach is much more 

expensive and takes long. Using computational fluid 

dynamics (CFD), it is possible to gain significant 

insights, in particular into defining fluid flow in 

hydraulic turbines [21]; [22]; [23]. CFD has been widely 

used in the literature to analyse the aerodynamic 

performance of propeller turbines [24] [25]. This CFD is 

an important, cost-effective tool for estimating turbine 

performance in terms of optimal design, allowing a 

better understanding of phenomena of flow behaviour in 

the turbine for different flow conditions [26].  

 Studies related to turbine blades have been carried 

out through experiment and computation [27]. Other 

researchers have shown that the propeller shape can 

increase turbine efficiency by 73.9 percent [28]. Lwin 

Oo et al. designed 5-kW propeller turbines, and the 

runner consists of four-blade, a flow of 0.38 m3/sec and 

a 2.2 meters head. The design of the runner blade profile 

was calculated using Microsoft Excel drawn by 

SolidWorks software. The calculated runner diameter 

was 0.310 meter, and the hub, 0.124 meters. Nishi et al. 

investigated the designs of the axial flow hydraulic 

turbine runners using CFD analysis and compared them 

to an experiment.  As a result, the runners designed have 

significantly improved turbine efficiency by 0.768 

percent. Another work by Djodikusumo et al. relates to 

the 3D modelling of a propeller turbine runner utilizing 

Autodesk Inventor.  The resulting 3D models were then 

meshed and simulated by using CFD software. CFD 

simulation results showed that hydraulic efficiency is 

only about 84-85%. Although the numerical and 

experimental studies have shown that turbines can work 

with the performance of goods in their application [32] 

[33], the authors hope to learn the application and 

excellence of these types of turbines based on the 

potential of existing energy sources in Indonesia. For 

analytical purposes, this specific turbine design, 

developed with pitch angles variations of 25 degrees, 30 

degrees, and 35 degrees, has not been studied in depth 

by past researchers. 

 The objective of this study is to predict the runner 

blade performance of propeller turbines for operating 

conditions characterized by the flowrate range of 0.08 - 

0.2 m3/s. The hub and tip diameters are 0.06 meters and 

0.30 meters respectively, and the runner of the blade 

consists of a four-blade. 

 

 

2.  METHODOLOGY 

2.1 Blade Desain 

The main focus of this study is the runner blade of the 

propeller turbine’s curved shapes, which was chosen 

because it is more efficient [34]. The fundamental 

dimensions of the turbine can be easily estimated, once 

the specific speed is known. A large number of 

statistical studies on a numerous schemes have 

established a correlation of the specific speed and the net 

head for each type of turbine [11]. 

  (USBR).                (1) 

 Using the specific speed ns, obtained from (1), 

thus, the circumferential velocity coefficient , hub 

ratio v, and the axial velocity coefficient e 

calculated. In addition, the circumferential velocity  of 

a tip, the outer diameter  of a runner, and the hub 

diameter  are obtained with the following formulae: 

 

 

 

(2) 

 Further, the axial component  of the absolute 

velocity and the flow rate Q are obtained with the 

following formulae: 

 

 

(3) 

 Next, dividing the blade into several parts from hub 

to tip, vortex design is determined. Referencing specific 

speed 𝑛, the number of blades 𝑧 is determined, and then 

the pitch 𝑡 at each radial point φ is calculated by the 

following equation: 

 (4) 

 The velocity triangle of this runner is illustrated in 

Figure 1 [35] and [36]. 

 The periphery velocity (c) at the inlet and outlet of 

a blade, which depends on the impeller rotational speed 

(ω) and the blade radius can be obtained by: 

 (5) 

While the absolute speed of the turbine is 

determined by the fluid flow rate through the turbine 

blades, as shown in the equation. 

 (6) 

where S is the tubular cross-section area; and , 

and  = tip and hub blade radius between the runner 

periphery and internal bulb, are determined according to 

the following equation, 
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    (8) 

A vortex formation is visible in the analysis of the 

flow downstream of the impeller, which depends on the 

radius of the blade, the flow cross-section, and the 

discharge, as per the following equation 

 (9) 

 Based on Equations (7), (8), and (9), the blade 

model configuration determines the angles for a given 

rotational speed and leads to optimum performance. 

 

Fig. 1. Inlet and exit velocity triangles at the runner hub. 

2.2 Calculation of Turbine Performance 

The performance of a water turbine consists of several 

performance parameters that indicate the characteristics 

of the turbine, to predict the turbine performances by 

investigating dimensionless parameters such as water 

hydraulic power (Ph), tip speed ratio (λ), power 

coefficient (𝐶p), and power shaft (P shaft), etc. Some of 

the factors that affect the water hydraulic power of the 

propeller turbine such as foil rotor profile, foil 

arrangement, head, and water discharge, which are 

theoretically stated as below [11]: 

 (10) 

Where P is the power (watt), ρ is the water density 

(kg/m3), g is the gravitational constant (9.81 m/s2), Q is 

the discharged (m3/sec), and H is the gross head (m). 

 The shaft power is the ability of a turbine to 

convert water power affected by angular velocity (rpm) 

and torque (Nm), as shown in the following equation: 

 (11) 

Where T is the torque (Nm) and n is the angular velocity 

(rpm), and T is the mechanical torque (N. m). 

 The coefficient of power is the amount of water 

energy that converts the water flow into the generator 

mechanical energy that passes through the runner blade, 

which is the ratio between the output power produced by 

the rotor and the water flow power, as shown in the 

following equation: 

 (12) 

The tip speed ratio is the ratio of the blade tip 

speed to the free flow rate. TSR is also a comparison 

between the power coefficient and the torque coefficient, 

formulated as follows: 

 (13) 

Where λ is the TSR, and ω is the turbine rotational speed 

(rad/s), R is the radius of the turbine (m). 

The specifications detailed the design are 

displayed in Table 1. In this study, the first step is to 

make a precise 3D model to determine the fluid flow 

inside the turbine section. The 3D model of the runner 

created using the Autodesk Inventor software was 

exported in the IGES format. Once the 3D solid 

modelling is developed, all related 3D solid modelling 

runner blades will be combined with domains by 

subtracting both of them under Boolean command. In 

the end, this process will obtain complete geometry files 

and ready to mesh in the CFD. 

  

 
(a) 

 

 
(b) 

 
Fig. 2. (a) Blade geometric profile and (b) 3D Blade 

geometry model. 

 

From the information in Table 1 and the diameter 

calculations, the shape of the runner blades and the tilt 

pitch angles parameter can now be properly defined. The 

3D model of the runner blade is furnished in Figure 3. 

 

 

 

 

 (7) 
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Table 1. Details of blade design specifications. 

Description Dimension/Value 

Number of Blades 4 

Tip diameter (m) 0.30 

Hub diameter (m) 0.06 

Length runner diameter (m) 0.28 

Length runner (m) 0.234 

Blade angle (deg) 25, 30, and 35 

 

 

 
Fig. 3. 3D Runner blade model of the Propeller turbines. 

2.3 The k-ω Equation for the Turbulence Model 

To analyse the inner flow of the propeller turbine, the 

Shear Stress Turbulence model has been applied and 

recommended in this study, because it is not over-

predicted in the dissipation rate calculation [37]. The 

shear stress transport k-ω turbulence model gives a 

highly accurate onset and amounts of the flow 

separation under adverse pressure gradients. Hence, the 

k-ω turbulent model [38] is a model of two common 

equation used as a cover for the Reynolds averaged 

Navier Stokes equation (RANS equation). This model 

tries to predict turbulence using two partial differential 

equations for the two variables, k, and ω, with the first 

variable being the kinetic energy turbulence (k) and the 

second (ω) the level of specific dissipation. The eddy  

viscosity, as required in the RANS equation, is given by 

.. Turbulent kinetic energy k and the specifics 

dissipation rate ω are obtained from the following 

transport equations [39]; 

 

 

 

 

 

 

 

 

k function: 

:  

, 

With,                          

(14) 

ω function: 

 

 

                                  

(15) 

 

The turbulence-kinetic-energy equation, which 

involves the pressure, work diffusion, or dilatation, does 

not contain the specific compressibility term [40]. In the 

prediction of flow, separated by shocks, modification of 

dilatation-dissipation in the k equation also leads to the 

increase of the compressible mixing-layer, which in turn 

has a detrimental effect. 

The terms turbulent-diffusion in Equations (14) 

and (15) (σk and σω) are comparable (ρk/ω) rather than 

the eddy viscosity. This means that this specific equation 

is implicitly affected by the voltage limiter which is a 

production requirement (via a voltage-Reynolds tensor). 

As a result, the k-ω model can serve as the foundation of 

the model with more general prescriptions for 

calculating Reynolds-voltage tensors, including the 

algebraic stress model, the full voltage transport model, 

and even a separate eddy simulation. 

2.4 Grid Topology and Generation 

The hydrodynamic analysis employs a computational 

grid that has an automatic ability to produce complicated 

geometries. Hence, a commercial software Ansys 

FLUENT is well suited and was utilized for this design 

problem [41]. For the flow rates considered in 

microturbines, the maximum thickness of 1mm was 

taken into account for the blades, due to limitations of 

the mesh generation. In order to avoid mesh error, the 

geometry needs to be simplified and cleaned, such as 

useless point, line and planes. Past researchers have 

validated the accuracy of numerical simulations using 

ANSYS Fluent software to solve various fluid flow 

problems for turbine applications [42], [43], [44], [45]. 

 A resolution study of the grid was carried out to 

provide insight into the effect of grid distance on the 

prediction of runner blade performance for propeller 

turbines. Grid spacing in the blade edge area is crucial 

for the quality of the mesh produced. This research has 

used an O-type multi-block unstructured grid 

(tetrahedral), with node size 219,111 and element 
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1,223,005. An unstructured grid provides adaptability to 

complex geometry. The number of layers, which 

specifies the maximum number of inflation layers, is set 

as 10 to get a good resolution in the region of interfaces 

and enhance the results.  In the 3D simulation, the cell 

quality is evaluated as good if the value of the skewness 

is in the range of 0.25 – 0.5. If the value of the skew is 

in the range of 0.5-0.75, the quality of the cell is fair 

(ANSYS, 2017 version 18.2). In this research, the 

growth rate has been selected as 1.05. 

 The non-dimensional wall distance (y+) is a critical 

parameter for the SST turbulence model. In this study, 

y+ less than one was achieved near the solid wall for the 

blade. The layer thickness impacts the total quality of 

the mesh. The first layer height (h0) was chosen as 6.5e-

007 m. The edge sizing method was additional grid 

refinement for the region of interest. The body sizing 

was used for both rotating and stationary domains. Both 

edge sizing and body sizing determine the densities of 

the mesh. In the edge sizing method, number of the 

division was selected. Following is the skewness value 

of the mesh for the blade in the range of 0.05-0.7. The 

average value is about 0.257, and the standard deviation 

of the skewness around 0.123. According to the 

relationship between cell skewness and quality, the 

quality of a mesh can be evaluated as good. The 

computational domain and meshing on the related blades 

are shown in Figures 4 (a) and (b).  

 
(a) 

 

(b) 

Fig. 4. (a) Computational domain of blade and (b) Examples of the meshing images, and pitch angle variation details. 

 

2.5 Boundary Condition 

Boundary conditions have been specified for the flow 

variables on the boundaries of the physical model. The 

four types of boundary conditions (i.e., inlet and outlet 

pressure, runner, and wall), are a part of the simulation 

for determining a value of the characteristic variables in 

the physical limits of the device. On the other hand, the 

area designated the runners are defined as movable 

walls, and the rotational speeds around the shaft rotate, 

which correspond to the center of the runner. On the 

fields corresponding to the solid surface, the condition 

of impermeability is imposed to use the standard wall 
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law for turbulent flow simulations. Thus, the flows of 

information between these domains will be the grids’ 

interface. As shown in Table 2, the boundary conditions 

were used for analysis. 

2.6 Convergence Test 

Convergence tests were performed to ascertain the grid 

sensitivity of the domain on the solution and to select 

the least number of iterations. The convergence can be 

monitored dynamically by checking residuals. The 

residuals must be kept on decreasing from the start to 

end of the iterations; in this study, the scaled residuals 

decrease from 10-4 to 10-5 for equations. Numerical 

results have been obtained using about 2021 iterations to 

obtain a suitable level of solution convergence as shown 

in Figures 5 a), b), and c) which shows the residual 

history versus the number of iterations for the grid of 

1,223,005 elements. 

 
Table 2. Details of the boundary conditions. 

Variable Value 

Material Type Fluid (water liquid) 

Operating Condition  101325 Pa 

 Velocity Inlet 

 Pressure outlet 

Boundary Condition Stationary and Moving Wall 

Interface Domain Grid Interface 

Pressure-Velocity Coupling SIMPLE 

Pressure Standard 

Density [kg/m3] ρ ¼ 998.2 kg = m3 

Viscosity [kg/m-s] ν ¼ 1.01 × 10−6 m2 = s 
 

 

 

(a) Residual history with the number of iterations on 25 deg 

 

 

(b) Residual history with the number of iterations on 30 deg 
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(c) Residual history with the number of iterations on 35 deg. 

Fig. 5. Residual history with the number of iterations on 25 - 35 deg.  
 

3.  RESULTS AND DISCUSSION 

3.1 Pressure Distribution on the Blade Surface 

In this work, we had observed that the blade angle 

affects the pressure distribution that occurs as a result of 

the blade cross-section. This can be seen from the 

pressure drop, as the blade angle dimension increases 

from 25 deg to 30 deg, and continues to decrease as the 

angle of the blade becomes 35 degrees, and causing the 

runner's rotation to be lower. The effect of the pressures 

that occur as a result of this result of the blade cross-

section of 35 deg, 30 deg, and 25 degrees is 12.59 Pa, 

13.43 Pa, and 13.65 Pa respectively. On the other hand, 

the increase in flow rate causes the pressure distribution 

to increase, making the blade rotate faster. Under these 

conditions, as expected, the rotor functions as a 

generator (generating energy). However, if the torque 

produced is opposite to the direction of rotation, the 

rotor functions as a propeller (converting rotational 

energy into the flow). In the case of water turbine 

applications, if the pressure value is too low, then a 

cavitation phenomenon occurs [44], which can lead to a 

reduction in the turbine performance. The original data 

provided with Figures 6 a), b), and c) is illustrative of 

the high- pressure color map on the cross-section of the 

blade to each pitch blade angle (a) 25 degrees, (b) 30 

degrees, and (c) 35 degrees, and indicates that the 

stagnation point is the location of the "collision" liquid 

with the rotor wall. The high pressure in the front of 

produces a backward force that must be resisted by the 

thrust-bearing rotor. At the rear of the airfoil, the 

pressure is low, indicating that the suction area on the 

blades rotates in the direction of rotation to increase the 

torque produced. 

A discrete mathematical equation (matrix) was 

used as a calculation for a shear stress distribution on the 

blade surface for each pitch angle, namely 25 deg, 30 

deg, and 35 degrees. Based on the simulation results, the 

variation in pitch angle affects the shear stress on the 

blade, but at the same time, it does not indicate a linear 

increase. Several factors cause these conditions, one of 

them being a too low flow rate, causing the thrust to 

decrease. In this research, the magnitude of the shear 

stress for each pitch angle is known. For a flow rate of 

0.2 m3/s and a pitch angle of 25 deg, 30 deg, and 35 

degrees, the respective shear stresses are shown in 

Figure 7. 

3.2 Effect of Pitch Angle to Shear Stresses on the 

Blade Surface 

Figure 8 shows that the shear stress distribution that 

occurs in the blades causes the amount of friction load 

due to the viscosity of the fluid flow, which inhibits 

rotation and decreases the efficiency of the turbine. The 

shear stress distribution causes the flow concentration to 

occur in the high-pressure area near the front. Besides, 

high shear stresses also pose a high risk of abrasion at 

this location. Hence, it needs to be realized that the full 

turbulent simulation is not adequate for propeller flows 

at high load, when laminar and/or transitional boundary 

layers are prevalent. Based on the simulation, results 

show that high pressure causes the propeller to expand, 

thus contributing to the drag and friction coefficient. 

From Figures 8 a), b), and c), it seems that sizable shear 

stress occurs at the bottom of the airfoil, because the 

area has a relatively high velocity. The red color on the 

tip of the cross-section of the airfoil indicates that a 

pitch angle of 25 degrees has high shear stress, 

compared to a pitch angle of 30 degrees and 35 degrees. 
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(a) Pressure distribution contour on 25 deg (b) Pressure distribution contour on 30 deg 

 

 

 

 
(c) Pressure distribution contour on 35 deg 

Fig. 6. Pressure distribution contour on 25 - 35 deg. 
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Fig. 7. Wall shears and discretization on different blade angles. 
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(a) Shear stresses distribution contour on 25 deg (b) Shear stresses distribution contour on 30 deg 

 

 

 

 
(c) Shear stresses distribution contour on 35 deg 

Fig. 8. Shear stresses distribution contour on 25 - 35 deg. 

 

3.3 Streamline Around the Blade 

Propellers generate a suction effect, and the flow 

separation creates a recirculating flow region which is 

near the hub, as shown in Figures 9a, b), and c). The 

streamlines that are numerically generated in Figure 9 

pass through the inlet and outlet of the rotor for each 

runner blade change, as the angled spacing increased. 

The figures indicate that the smaller the pitch angle, the 

higher the turn that is formed from the flow pattern, and 

the large the pitch angle, the straighter the flow pattern 

looks. The analysis of the pitch angle result reveals that 

at 25 degrees, at flow rate of 0.2 m3/s, laminar flows can 

be observed, while for pitch angles of 30 degrees and 35 

degrees with the same flow rate, turbulent flow is 

observed. The turbulence factor in a propeller water 

turbine is unavoidable and is one of the factors to be 

taken into consideration in the design of turbines. The 

blade performance due to the influence of the flow rate 

is worst with a blade angle of 35 degrees. As shown in 

Figure. 9c, the flow rate that occurs does not hit the 

blade cross-section area evenly, thus lowering pressure. 

In this case, the momentum across the exit plane is 

relatively large, leading to a low level of total thrust. 

Measured power outputs and torque of the runner 

blades at different flow rates are shown graphically in 

Figures 10 and 11. The theoretical results were 

computed using Equations (10), (11), and (12) for each 

pitch angle under consideration. 

 Figure 10 shows that the inlet flow rate affects 

power output due to the distribution of the flow rate and 

changes in the blade angle. Theoretically, this proves the 

characteristics of the propeller turbines [46]. Hence, the 

output power for each pitch angle is based on the flow 

rate distribution. The value of the computational results 

shows that the maximum power output is 1357 watts at 

950 RPM, obtained at a flow rate of 0.2 m3/s and an 

angle of 25 degrees. At the same flow rate, the minimum 

power output of 112 watts is obtained at an angle of 35 

degrees. To further ensure the validation of the CFD 

methodology, numerical results were compared with the 

calculating results using the Equation (10). By design 

parameters (i.e., 1.5 meters head, 0.08 - 0.2 m3/s 

discharge), the water density (998 kg/m3) and the 

gravitational constant (9.81 m/s2), it is shown that the 

theoretical calculation results and the simulation results 

reveal close comparison beyond the value of 94%, 

which indicates that the simulation results are reliable. It 

can be seen from the simulation results in Figure 10 that 

the average reduction value for each angle is 3.15 watts 

due to different flow rates resulting from fluid 

interactions with turbine blades. 
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(a) Streamlines and velocity contour on 25 deg (b) Streamlines and velocity contour on 30 deg 

 

 

 
(c) Streamlines and velocity contour on 35 deg 

Fig. 9. Streamlines and velocity contour on 25 - 35 deg. 

 

 

 

Fig. 10. Power curves on the various flow rate. 

 

 The effect of the flow rate distribution on the 

torque is shown in Figure 11. The analyzed results 

reveal that the value torque increased monotonically 

with the rise of the flow rate. However, when the 

rotational speed increased to a specific value, the value 

torque began to decrease. In the low flow rate, the 

torque value decreased with the pressure drop difference 

and improved with the rise of the flow rate. Based on 

calculations using Equation (11), the lowest torque 

values are obtained from the pitch angle of 35 degrees at 

a minimum flow rate of 0.08 m3/s and the maximum 

torque value at an angle of 25 degrees with an entrance 

flow rate of 0.2 m3/s. However, when the flow rate 

increases by an average of 0.14 m3/s at an angle of 25 

degrees, the torque value reaches 3.12 Nm. With the 

same flow rate and with an increase in angles to 30 

degrees and 35 degrees, the torque value reaches 2.91 

Nm and 2.74 Nm, respectively. The analysis results of 
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various blade angles show a reduction of 0.2 Nm in the 

average torque value. It is known from these studies that 

the increase in the torque value is due to the increased 

flow rate from 0.08 up to 0.2 m3/s, and also due to the 

narrowing effect of the blade angle from 35 deg to 30 

deg and 25 deg. Further, the data is validated by 

comparing the summation value based on a theory with 

the CFD data results, which is represented graphically in 

Figure 11. From a comparison of the results, it is evident 

that the CFD data are sufficiently in agreement with 

theoretically valued results. 

The relationship of Cp to flow rate is illustrated in 

Figure 12. Based on the calculations using Equation 

(12), for a pitch angle of 25 degrees at a minimum flow 

rate of 0.08 m3/s, the Cp result is 74.64. When the angle 

is increased to 30 degrees at the same flow rate, the Cp 

obtained is 69.16. At a pitch angle of 35 degrees at the 

same flow rate, the result obtained is 65.68. The 

simulation results lead to the conclusion that with 

increasing pitch angle, the output power generated by 

the turbine blades’ runner speed is affected by the flow 

rate. The higher the angle, the lower the flow rate of the 

small output power. However, it will be different if the 

pitch angle is reduced, and the turbine output power 

becomes higher. Figure 13 shows in a graph the effects 

of the blade angles on runner blade performance. Based 

on the calculation result using Equation (13), the pitch 

angle of 25 degrees with a maximum flow rate of 0.2 

m3/s the value obtained is 28.26, and at a 30 degrees 

pitch angle at the same speed, the value is 26.99. 

However, with a pitch angle of 35 degrees and a flow 

rate of 0.08 m3/s, the result is 25.80. It seems that the 25 

degrees pitch angle yields the best performance 

compared to the blade angles of 30 degrees and 35 

degrees. However, turbine blades with angles of 30 

degrees tend to perform better than the ones with a 35-

degree angle, though both have peak values of power 

coefficient adrift of difference 1.2. 

 

 

Fig. 11. Power curves on the various flow rate. 

 

 

 

Fig. 12. Power coefficient curves on the various flow rate. 
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Fig. 13. Power coefficient  versus TSR (λ). 

 

 

 

Fig. 14. Efficiency curves on the various flow rate.   

 

3.4 Model Validation 

After CFD analysis, it becomes very important to 

validate the results achieved by comparing CFD results 

with available experimental data [47]. On the analysis 

result, the inlet flow rate affects power output, to the 

case where there is no significant increase in power due 

to the distribution of the flow rate to changes in angle. 

Theoretically, these prove the characteristics of the 

hydro-propeller turbine [48]. To future ensure the 

validation of CFD methodology, the results of the 

numerical simulations were compared with experimental 

results [48], [49], and [50], where varied blade profiles 

can affect the value of efficiency and can increase the 

power output of the propeller turbine. This is associated 

with a decrease in flow rate which causes a lower power 

output with an average reduction value for each corner 

of 3.15 watts. These results are similar to those of the 

studies for the hydro tubular propeller [20] but provide 

different answers compared to the reviews [51], based 

on angles of 20 degrees and 30-degrees for better 

results. Of all the variations in blade angles in this study, 

it is known that a 25-degree pitch angle at a flow rate of 

0.2 m3/s has the best performance, compared to a power 

output of 1357 watts with an efficiency of 26.74% at 

950 RPM. These results are different from those 

obtained by previous researchers for the same type of 

turbine [22], particularly those of [52], which found that 

the highest yield on the use of the large discharge was 

33 degrees with a power output of 17.2 watts at 1283 

RPM shaft rotation, the performance coefficient 

obtained reaching 54%. 

4.  CONCLUSION 

CFD has been used as a tool for analyzing the pressure 

distribution, shear stresses, and streamlines that pass 

through the pitch angle of the inlet and outlet of the rotor 

between the runner blades. The flow rate data for each 

blade parameter involved was also obtained from this 

particular analysis. Then the model was validated by 

comparing the research data to power output calculation 

and the data of previous researchers. Based on the 

analysis results, the blade angle, geometric shape, and 

flow rate affect the performance of the turbines, and the 

smaller the blade angle, the higher the power output, 

other than the power coefficient tending to decrease with 

increasing blade angle and increasing proportionally to 

the increasing flow rate. The other result is that the 

surface tension distribution of the airfoil is relatively 
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higher than that of the rear, because the airfoil geometry 

is curved, and the pitch angle effect is not zero. The final 

result of the analysis shows that the power and 

efficiency coefficients were higher for the blade angle of 

25 degrees than for 30 degrees and 35 degrees. 

However, both correspond to the value of the peak 

power coefficient. Therefore, further investigation and 

evaluation through experiments with these blade models 

are very important. 
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NOMENCLATURE 

 

Symbol Description Unit 

A 

c 

cross-sectional area 

absolute velocity 

 m2 

m/s 

CP power coefficient  

CT torque coefficient  

De runner diameter m 

Di hub diameter m 

k turbulence kinetic energy per 

unit mass 

m2/s2 

 

p pressure on the blade surface  Pa 

Pin water hydraulic power Watt 

P shaft power shaft  

Q flowrate m3/s 

r 

 

blade radius. Subscript e for tip 

and subscript i for hub 

m 

 

R radius of turbine m 

S tubular cross section area m2 

T torque N.m 

u circumferential velocity m/s 

v flow velocity. Subscript 1 and 2 

for the inlet and outlet of the 

blade 

m/s 

w relative velocity m/s 

Greek Letters 

α, absolute flow angel ° 

β relative flow of blade angel ° 

λ tip speed ratio   

μ molecular (dynamic) viscosity kg(m/s) 

η efficiency % 

ρ mass density of water kg/m3 

τ stress  

τij Favre - averaged specific 

Reynolds-stress tensor 

 

𝜎𝑘 turbulence constant model for 

the k equation 

1.0 

𝜎ω k-ω turbulence constant model 1.3 

φ discharge number  

ω rotational speed rad/s 

θ pitch blade angle       ° 
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