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ABSTRACT 

The energy crisis will be come soon and one of the very potentials of renewable energy is the energy usage of water for 

micro hydro power plant (PLTMH). A centrifugal pump is used for water turbine from the pump channels. The purpose 

of the study is knowing the influence of modelling the geometry on the impeller centrifugal pumps that can affect the 

performance of Pump as Turbine (PAT) with the value of the surface roughness of the impeller 0,16µm using forward 

blade close impeller model. The method of research analysis design and fluid flow at the impeller by use CFD software. 

The result of analysis showed the model backward blade close impeller with 5 blades, the impeller entrance angle β2 

56.6 ° is the optimum results Velocity and pressure distribution more homogeneous. 
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1. INTRODUCTION  

This time in Indonesian electricity is provided by the 

State Electricity Company (PLN), but there are still many 

villages that do not get adequate electricity supply. Many 

cities and sub-districts rely on PLTD and only operate at 

night from 18:00 - 24:00 WIB. When the oil is not found, 

it will go out. According to the 2011 Natural Resources 

Research and Development Agency (BPPSDA) there are 

more than 14,198 villages that do not have adequate 

access to electricity, so it is necessary to find other 

alternative energy solutions and apply renewable energy 

to meet these electricity needs [1]. According to the 

Asian Development Outlook 2012, renewable energy is 

energy produced from natural sources such as water, sun 

and wind. This energy source is always available and can 

always be obtained, and does not harm the environment. 

This means that renewable resources can be regenerated 

or renewed in a relatively short time, renewable energy 

sources such as: biomass, wind, geothermal, solar and 

water [3] 

Pump As Turbine (PAT) technology is able to 

provide alternative energy solutions for small scale micro 

hydro manufacturing at an economical and affordable 

cost [3-4], with the availability of pumps widely on the 

market and produced on a large scale will facilitate the 

application of Pump as Turbine on rural areas in 

Indonesia [2]. The research process that has been carried 

out is only limited to impeller effectiveness and rotational 

speed [3-4]. 

From this background, there is still little information 

on fluid flow characteristics in a centrifugal pump that 

functions as a turbine with a certain degree of roughness 

and the optimal geometric shape of the impeller. In this 

study, a solution was made to optimize the impeller 

design to increase the efficiency of a centrifugal pump 

that functions as a turbine using a Computational Fluid 

Dynamics (CFD) simulation. 

Centrifugal pumps work by converting the 

mechanical energy from the shaft that moves the blades 

of the pump, then into kinetic energy and pressure on the 

fluid. The rotation of the impeller causes a vacuum 

pressure on the suction side of the pump, as a result of 

which the flowing fluid is sucked into the impeller [7]. 

Inside the impeller, the fluid gets accelerated in such a 

way and is subjected to centrifugal force, so the fluid 

flows out of the impeller at a certain speed. The exit speed 

of this fluid will then decrease and turn into pressure 

energy in the pump housing. The amount of pressure that 

arises depends on the magnitude of the fluid velocity [6]. 
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Computational Fluid Dynamics (CFD) is the use of 

computers to generate information about flowing fluids 

under certain conditions. CFD is used to predict fluid 

flow in a particular system at a specified condition [8]. 

By using CFD, the prediction of fluid flow in various 

systems can be done at a cheaper cost and faster time 

compared to experimental methods [9-11]. 

2. METHOD 

The five (5) impellers as samples, a CFD simulation 

process is carried out to determine the optimum 

characteristics, with several processes, namely [12-15]:  

2.1. Preprocessing 

Preprocessing, is the first step in developing and 

analyzing a CFD model, which is creating a model in a 

CAD (Computer Aided Design) package, creating a 

suitable mesh, then applying the fluid requirements and 

properties. The mesh function is to provide and share the 

fluid space of the workpiece. As for the results of the grid 

mesh CFD can be seen in Figure 1. 

 

Figure 1 Domain and content distribution of control / 

grid mesh (a) centrifugal pump and (b) blade impeller 

[5] 

To find out the specifications of impeller PAT used 

can be seen in Table 1. 

Table 1.  Initial impeller specifications 

Specifications Size 

The outer diameter of the impeller is 124 mm 

The impeller inlet diameter is 88 mm 

Impeller blade outlet angle β1 55 ° 

Impeller blade inlet angle β2   89 ° 

Number of Blades 6 

Impeller type   Forward 

The thickness of the impeller blades is 3.25 mm 

Blades surface roughness 0.16 μm 

 

2.2. Solving 

Solving, is a Solvers (core program for finding 

solutions). CFD calculates the conditions applied at the 

time of preprocessing. Using the finite volume method. 

The iteration process is to make an educated guess on the 

values of the variables contained in the equation, the 

iteration process continues until no residual error reaches 

a certain value until it approaches zero. If this happens, 

the iteration process is said to be convergent towards the 

desired solution. A difference value that is determined to 

stop the iteration process is called the convergence value. 

The simulation boundary condition used in CFD can be 

seen in Table 2. 

Table 2. Properties of simulation boundary conditions 

 

2.3. Postprocessing 

Postprocessing, is the final step in CFD analysis, 

which is organizing and interpreting the CFD simulation 

result data which can be in the form of images, curves 

and animations of velocity magnitude and static pressure. 

In Figure 2 following shows the geometry of centrifugal 

pump housing at the inlet to be carried out by the 

Postprocessing. 

 

Figure 2 Geometry of centrifugal pump housing at the 

inlet 

The result of CFD postprocessing process showing 

velocity magnitude and static pressure can be seen in 

Figure 3. 

 

 

Specifications Size 

Inlet pressure or inlet velocity 103287 Pa 

Outlet pressure 0 Pa 

Fluid of material Constant H2O 

Solid Material   Bronze 

Meshing count 797675 

Limit of iteration 100 
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(a) (b) 

Figure 3 CFD postprocessing, (a) Velocity Magnitude contour, (b) Static Pressure

3. RESULT AND DISCUSSION 

3.1. Impeller Rotation  

The results of calculations from impeller centrifugal 

pump conducted by researcher obtained several 

parameters. Speed The calculation results of the impeller 

rotational speed and Reynold Number can be seen in the 

Table 3. The results of calculation speed impeller 

centrifugal pump with Reynold number  that occur at the 

angle of  impeller can be seen in Figure 4. 

 

Table 3. Calculation Results of the Impeller Speed Triangle 

 

No 

Geometry 

Modeling of 

Impeller 

Speed 

Triangle (𝒎/s) 

Calculation of 

Impeller Speed (rpm) 

Experimental Impeller 

Speed (rpm) 

Reynold 

Number 

The type of flow 

that occurs 

1 First 10,14 1.562,40 1.532 1.257,36 Laminar 

2 β2 = 36,6° 20,55 3.166,40 - 2.548,20 Turbulent 

3 β2 = 46,6° 21,33 3.286,59 - 2.664,92 Turbulent 

4 β2 = 56,6° 22,15 3.412,94 3.580,7 2.746,60 Turbulent 

5 β2 = 66,6° 21,02 3.238,82 - 2.606,48 Turbulent 

 

Figure 4 Graph of the effect of impeller speed on Reynold's number.
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The results of CFD simulations that have been carried 

out on the four backward close type impellers with the 

geometric model β2 = 36.6°, β2 = 46.6°, β2 = 56.6° and 

β2 = 66.6°, the optimum impeller is the impeller. with the 

geometric model β2 = 56.6°. With the following 

considerations: 

1. The impeller with the geometry model of the entry 

angle β2 = 56.6 °, the value of the lowest velocity of 

flow / velocity magnitude, which is 8.975 m / s, the 

friction force that occurs between water and the 

impeller is small and will have an impact on the long 

life of the impeller. 

2. The static pressure that occurs in the pump which 

functions as a turbine looks more homogeneous and 

the pressure conditions are evenly distributed so that 

the impeller rotation is optimum. 

3. From the numerical calculation results show the 

impeller rotation speed, the impeller with the 

geometry model of the entry angle β2 = 56.6 °, the 

highest impeller rotation speed is 3,412.94 rpm. The 

higher the impeller rotation value, the resulting 

power. 

3.2. Velocity Magnitude & Static Pressure 

The CFD simulations that have been carried out on 5 

kinds of geometric modeling on pump impellers that 

function as turbines, the flow characteristics that occur in 

a PAT with forward and backward impellers are different 

as shown in Table 4. 

For the velocity magnitude and static pressure results 

of several impeller analyzed using CFD can be seen in 

Figure 5 below. 

Table 4. CFD modeling on 5 centrifugal pump impellers on PAT. 

No Modeling geometri 

impeler Angle β2 

Velocity Magnitude Static Pressure 

 

 

 

1 

 

 

 

First Impeller  

 
 

Highest flow speed at the blade 9,350 

m/s 

The highest statistical pressure at blade 

of 132725 Pa 

 

 

 

 

2 

 

 

 

 

β2 36,6° 

  

The highest flow speed at the blade is 

10,530 m/s 

The highest statistical pressure at the 

blade is 123218 Pa 

 

 

 

 

3 

 

 

 

 

β2 46,6° 

  
Highest flow rate at the blade of 14,180 

m/s 

The highest statistical pressure at the 

blade is 115350 Pa  
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No Modeling geometri 

impeler Angle β2 

Velocity Magnitude Static Pressure 

 

 

 

 

4 

 

 

 

 

β2 56,6° 

  

Highest flow speed at the blade of 8,975 

m/s 

The highest statistical pressure at blade 

of 132022 Pa 

 

 

 

 

 

5 

 

 

 

 

 

β2 66,6° 

  

The highest flow speed at the blade is 

13,650 m/s   

 

The highest statistical pressure at the 

blade is 135995 Pa  

 

Figure 5. Graph of Velocity Magnitude influence on Pressure 

The five impellers of centrifugal pump that function 

as turbines that have been simulated with CFD modeling 

as shown in Table 4.10 and Figure 4.5, the optimum 

impeller is an impeller with β2 56.6 ° modeling angle 

with several considerations: 

1. The optimum velocity magnitude value is the flow 

rate of 8.975 m / s. In terms of strength or resistance 

of the impeller to flow velocity it will have a long life. 

Flow velocity will be directly proportional to friction 

force. The greater the flow velocity value, the greater 

the frictional force that occurs on the surface of the 

impeller blade. 

2. The CFD simulation results at velocity magnitude are 

more stable than the simulation results for the other 

four impellers. 

3. The effect of modeling changes in the shape of the 

entry angle β2 will have an impact on changes in fluid 

flow characteristics, both flow velocity and static 

pressure. The greater the entry angle β2, the more 

homogeneous the flow rate will be. 
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4. CONCLUSION 

Based on the results of testing and data processing 

obtained with CFD analysis, the following conclusions 

can be drawn: The impeller rotation speed has a 

significant increase in the backward blade closed 

impeller type with 5 blades with an angle of entry β2 = 

56.6 °, which is 3,412.94 rpm with a Reynold number of 

2,746.60. The higher the rotation of an impeller, the 

greater the Reynold number value on the Pump As 

Turbine. And the lowest flow velocity value of 8.975 m / 

s occurs in the modeling of the inlet angle β2 = 56.6 °, so 

that will affect the life time / life that is relatively longer 

on the impeller. 
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