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Abstract 
Hydraulic energy is a clean, safe because it requires water. Hydraulic turbines are the machine which converts hydraulic energy into 

electricity. Mechanical efficiencies of these turbo machine are quite well that is 95%. However reaching such efficiencies is a difficult 

task and it require a high engineering effort because hydraulic turbine are usually unique product which must be designed for 
determined local condition that is head and discharge. For this reason for each component of the machine a specific design is  needed. 

The traditional design process is based on experiments, measurements and model tests which is too much time and money consuming. 

But for last few decades CFD simulation method is developed which is less time consuming and save money also. CFD simulation is 

done to study the flow behaviour of fluids inside or outside of structure. It helps to make the necessary changes to improve the design. 
For the economical design of turbine it is very important to understand the flow characteristics indifferent parts of turbine that is how 

energy transfer and transformation take place in different parts which help in analyzing their performance in advance before 

manufacturing them. Instead of detailed analytical treatment & using complicated velocity triangles to study the performance of a 

given turbine, it is recommended to carry out the CFD analysis for the same. The current work deals with the CFD analysis of radial 
turbine at various guide vane angles & study of its effect on the turbine performance. 

Index Term: Radial turbine, CFD, Turbine performance. 

--------------------------------------------------------------------- *** ------------------------------------------------------------------------ 

1. INTRODUCTION  

1.1. Introduction of Radial Turbine 
Reaction turbines are acted on by water, which changes 
pressure as it moves through the turbine and gives up its 

energy. They must be encased to contain the water pressure 

(or suction), or they must be fully submerged in the water 

flow. Newton's third law describes the transfer of energy for 
reaction turbines. Most water turbines in use are reaction 

turbines and are used in low (<30 m or 100 ft) and medium 

(30–300 m or 100–1,000 ft) head applications. In reaction 

turbine pressure drop occurs in both fixed and moving blades. 
It is largely used in dam and large power plants.(15) 

The Francis turbine is a type of reaction turbine, a category of 

turbine in which the working fluid comes to the turbine under 

immense pressure and the energy is extracted by the turbine 
blades from the working fluid. A part of the energy is given up 

by the fluid because of pressure changes occurring in the 

blades of the turbine, quantified by the expression of degree of 

reaction, while the remaining part of the energy is extracted by 
the volute casing of the turbine. At the exit, water acts on the 

spinning cup-shaped runner features, leaving at low velocity 

and low swirl with very little kinetic or potential energy left. 

The turbine's exit tube is shaped to help decelerate the water 
flow and recover the pressure. A Francis turbine consists of 

the following main parts: 

1.2. Spiral casing: The spiral casing around the runner of 

the turbine is known as the volute casing or scroll case. All 
throughout its length, it has numerous openings at regular 

intervals to allow the working fluid to impound on the blades 

of the runner. These openings convert the pressure energy of 

the fluid into momentum energy just before the fluid impound 
on the blades to maintain a constant flow rate despite the fact 

that numerous openings have been provided for the fluid to 

gain entry to the blades, the cross-sectional area of this casing 

decreases uniformly along the circumference. 

1.3 Guide or stay vanes: The guide vanes consist of 

number of blades that can be adjusted in order to increase or 
reduce the flow rate through the turbine. The vanes are 

arranged between two parallel covers normal to the turbine 

shaft. The primary function of the guide or stay vanes is to 

convert the pressure energy of the fluid into the momentum 
energy. It also serves to direct the flow at design angles to the 

runner blades. The basic Purpose of the stay vanes & guide 

vanes is to convert a part of pressure energy of the fluid at its 

entrance to the kinetic energy and then to direct the fluid on to 
the runner blades at the angle appropriate to the design.  

• Moreover, the guide vanes are pivoted and can be turned 

by a suitable governing mechanism to regulate the flow 

while the load changes.  
• The guide vanes are also known as wicket gates.  

• The guide vanes impart a tangential velocity and hence an 

angular momentum to the water before its entry to the 

runner.  
• The guide vanes are constructed using an optimal aerofoil 

shape, in order to optimize off-design performance. 

1.4 Runner blades: Runner blades are the heart of any 

turbine as these are the centers where the fluid strikes and the 

tangential force of the impact causes the shaft of the turbine to 

rotate and hence electricity is produced. In this part one has to 

be very careful about the blade angles at inlet and outlet as 
these are the major parameters affecting the power production. 

1.5 Draft tube: The draft tube is a conduit which connects 

the runner exit to the tail race where the water is being finally 

discharged from the turbine. The primary function of the draft 
tube is to reduce the velocity of the discharged water to 

minimize the loss of kinetic energy at the outlet. This permits 
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the turbine to be set above the tail water without any 

appreciable drop of available head.(18) 

2. MODELLING & SIMULATION 
2.1 Modelling of Turbine using CATIA 
3-D model is created for CFD analysis by using CATIA V-5. 

The procedure for the creation for model is explained here. 

 
Fig-1: Assembly of Radial Turbine 

The assembly model is created in the CATIA V 5 in assembly 

design workbench. 
Start---- mechanical design ---- assembly design 

Assembly is formed using the 4 parts namely 

Runner, Guide vanes , Casing , Draft tube 

Before assembly design we will create a separate part in part 
design. 

2.2) Runner  

 
Fig-2: C/S View of Runner 

The runner is mounted on a shaft and the blades are fixed on 

the runner at equal distances. The vanes are so shaped that the 

water reacting with them will pass through them thereby 
passing their pressure energy to make it rotate the runner. 

 2.3. Guide vane 

 
Fig-3: C/S Guide View 

At inlet the water flows into the wheel at the centre and then 

glides through radially provided fixed guide vanes and then 

flows over the moving vanes. The function of the guide vanes 

is to direct or guide the water into the moving vanes in the 
correct direction and also regulate the amount of water striking 

the vanes. 

2.4 . Casing 

 
Fig-4: C/S View of Casing 

This is a tube of decreasing cross-sectional area with the axis 
of the tube being of geometric shape of volute or a spiral. The 

water first fills the casing and then enters the guide vanes from 

all sides radially inwards. The decreasing cross-sectional area 

helps the velocity of the entering water from all sides being 
kept equal. The geometric shape helps the entering water 

avoiding or preventing the creation of eddies 

    2.5) Draft tube 

 
Fig-5: Draft tube of Turbine 

This is a divergent tube fixed at the end of the outlet of the 

turbine and the other end is submerged under the water level 
in the tail race. The water after working on the turbine, 

transfers the pressure energy there by losing all its pressure 

and falling below atmospheric pressure. The draft tube accepts 

this water at the upper end and increases its pressure as the 
water flows through the tube and increases more than 

atmospheric pressure before it reaches the tailrace. 

3. CFD ANALYSIS OF TURBINE 

3.1) CFD Analysis for Guide Vane Angle of 10o 

Pressure Contours: 

 

Fig-6: CFD Analysis for Guide Vane Angle of 10o 

Pressure Contours 

Velocity Contours: 
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Fig-7: CFD Analysis for Guide Vane Angle of 10o 

Velocity Contours 

From the velocity contours the maximum flow velocity is 

i.e.  Vf1 = 18.1   m/s 

V1=     Vf1/sin (α) 
V1 = 104.23 m/s 

Vw1 = V1 cos (α) 

        = 102.64 m/s 

Tan (ф) = Vf2 / u2 

Ф = 85o 

 Vf1/ = Vf2 

u2 = 1.58 m/s 

u2 = π D2 N 
           60 

1.58=    π * 0.311* N 

                      60 

N=97.07 rpm 
u1= π D1 N 

           60 

u1= π * 0.5* 97.07 

                     60 
u1 = 2.54 m/s 

Power developed (P) = ρ* Q* Vw1*u1 

                                  P = 902.04     KW 

Simulation Error  
% error = (Analytical – CFD) /Analytical 

% error = (1355.66 – 902.04) / 1355.66 
% error = 33.46 % 
3.2. CFD Analysis for Guide Vane Angle of 15o 

Pressure Contours: 

 
Fig-8: CFD Analysis for Guide Vane Angle of 15o 

Pressure Contours 

Velocity Contours: 

 
Fig-9: CFD Analysis for Guide Vane Angle of 15o 

Velocity Contours 
From the velocity contours the maximum flow velocity is 

i.e.  Vf1 = 19.2   m/s 

V1=     Vf1/sin (α) 

V1 = 74.19 m/s 
Vw1 = V1 cos (α) 

        = 71.66 m/s 

Tan (ф) = Vf2 / u2 

Ф = 85o 
 Vf1/ = Vf2 

u2 = 1.67 m/s 

u2 = π D2 N 

           60 
1.67=    π * 0.311* N 

                      60 

N= 102.67 rpm 

u1= π D1 N 
           60 

u1= π * 0.5* 102.67 

                     60 

u1 = 2.68 m/s 
Power developed (P) = ρ* Q* Vw1*u1 

                                  P = 664.48     KW 

Simulation Error  

% error = (Analytical – CFD) /Analytical 
% error = (878.62 – 664.48) / 878.62 

% error = 24.37 % 

3.3 CFD Analysis for Guide Vane Angle of 20o 

Pressure Contours: 

 
Fig-10: CFD Analysis for Guide Vane Angle of 20o 

Pressure Contours 

Velocity Contours:  
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Fig-11: CFD Analysis for Guide Vane Angle of 20o 

Velocity Contours 
From the velocity contours the maximum flow velocity is 

i.e.  Vf1 = 19.6   m/s 

V1=     Vf1/sin (α) 

V1 = 57.3 m/s 
Vw1 = V1 cos (α) 

        = 53.84 m/s 

Tan (ф) = Vf2 / u2 

Ф = 85o 
 Vf1/ = Vf2 

u2 = 1.71 m/s 

u2 = π D2 N 

          60 
1.71=    π * 0.311* N 

                      60 

N= 105.35 rpm 

u1= π D1 N 
           60 

u1= π * 0.5* 105.35 

                   60 

u1 = 2.75 m/s 
Power developed (P) = ρ* Q* Vw1*u1 

                                  P = 513.57     KW 

Simulation Error  

% error = (Analytical – CFD) /Analytical 
% error = (646.62 – 513.57) / 646.62 

% error = 20.57 % 

3.4 CFD Analysis for Guide Vane Angle of 30o 

Pressure Contours 

 
      Fig-12: CFD Analysis for Guide Vane Angle of 30o 

Pressure Contours 

Velocity Contours:  

 
      Fig-13: CFD Analysis for Guide Vane Angle of 30o 

Velocity Contours 
From the velocity contours the maximum flow velocity is 

i.e.  Vf1 = 20.4   m/s 

V1=     Vf1/sin (α) 

V1 = 40.8 m/s 
Vw1 = V1 cos (α) 

        = 35.33 m/s 

Tan (ф) = Vf2 / u2 

Ф = 85o 
 Vf1/ = Vf2 

u2 = 1.78 m/s 

u2 = π D2 N 

           60 
 

1.78=    π * 0.311* N 

                       60 

N= 109.65 rpm 
u1= π D1 N 

           60 

u1= π * 0.5* 109.65 

                     60 
u1 = 2.87 m/s 

Power developed (P) = ρ* Q* Vw1*u1 

                                  P = 350.76     KW 

Simulation Error  
% error = (Analytical – CFD) /Analytical 

% error = (407.66 – 350.76) / 407.66 

% error = 13.95 % 

3.5 CFD Analysis for Guide Vane Angle of 35o 

Pressure Contours: 

 
      Fig-14: CFD Analysis for Guide Vane Angle of 35o 

Pressure Contours 

Velocity Contours:  
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Fig-15  CFD Analysis for Guide Vane Angle of 35o 

Velocity Contours 

From the velocity contours the maximum flow velocity is 

i.e.  Vf1 = 22.1   m/s 
V1=     Vf1/sin (α) 

V1 = 38.53 m/s 

Vw1 = V1 cos (α) 

        = 31.56 m/s 
Tan (ф) = Vf2 / u2 

Ф = 85o 

 Vf1/ = Vf2 

u2 = 1.933 m/s 
u2 = π D2 N 

          60 

1.933=    π * 0.311* N 

                          60 
N=118.79 rpm 

u1= π D1 N 

           60 

u1= π * 0.5* 118.79 
                      60 

u1 = 3.10 m/s 

Power developed (P) = ρ* Q* Vw1*u1 

                                  P = 339.45     KW 

Simulation Error  

% error = (Analytical – CFD) /Analytical 

% error = (337.14 – 339.45) / 337.14 

% error = 0.7 %  

4. RESULTS & CONCLUSION 

Table-4.1: Numerical Analysis Results 

Sr. No. Guide Vane Angle 

(o) 

Power Output (KW) 

1 10 1355.66 

2 15 878.62 

3 20 646.62 

4 30 407.66 

5 35 337.14 

Table-4.2: CFD Analysis Results 

Sr. No. Guide Vane Angle 

(o) 

Power Output (KW) 

1 10 902.04 

2 15 664.48 

3 20 513.57 

4 30 350.76 

5 35 339.45 

 

 
Fig-15: Comparison of Numerical & CFD Results 

It can be seen from above tables & graph, that the power 

produced by the turbine is different when the flow dynamics is 
considered. The maximum power is produced for the lower 

values of guide vane angle. 

4.4 Error Analysis 

Sr. No. Guide Vane 

Angle (o) 

Error in Numerical & 

CFD Results (%) 

1 10 33.46 

2 15 24.37 

3 20 20.57 

4 30 13.95 

5 35 0.7 

5. CONCLUSION 
Numerical & CFD analysis is carried out for a radial turbine. 

A numerical result shows that the maximum velocity of the 

flowing fluid is a function of some fixed parameters, thereby 

resulting in the same numerical value. From numerical 
analysis it can be seen that the power developed by the turbine 

is a function of guide vane angle, showing that the maximum 

power is developed at minimum guide vane angle. Whereas, 

actual flow conditions in the turbine are very complex in 
nature due to dynamic behaviour of the fluid. Hence the CFD 

analysis using ANSYS Fluent is carried out to predict the 

performance of the turbine at different guide vane angles. It is 

found that the maximum velocity of the fluid varies with the 
change in guide vane angle, thereby resulting in variation of 

the power developed by the turbine. It can be observed that the 

actual power produced by the turbine is different than that of 

the numerically calculated values. The necessary measures can 
be taken to predict the dynamic performance of the turbine 

using CFD analysis tool. The suggested CFD methodology for 

turbine analysis is validated against the numerical method. 

The error in the CFD results are well within limits thereby 
validating the CFD process for the turbine analysis. 
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