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Abstract: In present study, the propeller turbine of rated capacity of 5 kW is simulated for the CFD analysis to 

investigate effect of the cavitation on the hydro turbine. Flow analysis of the Propeller turbine is carried out by using 

‘Fluent’ module available in ‘ANSYS - 14’. The flow simulation was carried out in two different flow conditions namely 

under pure water flow condition and cavitation flow condition. The efficiency of the propeller turbine has been calculated 

in order to validate the CFD results and an attempt has been made to compare these results with the experimental results 

obtained in earlier study. It has been observed that efficiency has been reduced with the suction head. The affected zones 

of the runner blade were identified based on the present study.  
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I. INTRODUCTION 
 

A. CAVITATION IN HYDRO TURBINES                                    

 

Reaction turbines basically Francis turbines and propeller/Kaplan turbines are suitable for medium and low head sites. 

The turbine shows declined performance after few years of operation, as they get damaged with the time. One of the 

important reasons is the erosive wear of the turbines due to cavitation phenomena. Reaction turbines, however are more 

prone to cavitation because of high specific speed especially Kaplan/Propeller turbines where a zone in the operating 

range is seriously affected by cavitation, considered as forbidden zone. Cavitation is a phenomenon which produces pitting 

on the surfaces of turbine parts because of the cavities formation. 

 

B. Mechanism of Cavitation’s 

       

Phenomena: if the pressure of the flow will become less than the vapour pressure of water then bubble formation will 

start at that point and when they will reach to high pressure region, then collapse and produce pitting action on the 

surface. 

          Phases of cavitation erosion: 

     (I)  Onset of cavitation’s (incubation period). 

     (II)  Nucleation of bubbles in flowing liquid. 

     (III)  Growth and collapse of bubbles in some high pressure region.        

                                                  
Fig.1: Erosion of material 
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C. Cavitations Damage 

  

Cavitations denote appearance and collapsing of bubbles in the region due to the pressure fluctuations. It occurs 

mostly at the exit of runner in the vicinity of the moving blades and at the entry point of draft tube. It is considered as one 

of the problem in hydro turbines as it change the flow pattern, drop in turbine efficiency, noise, and the most important 

the erosion of solid surfaces. 

   

During the flow when pressure drops below the vapour pressure, liquid fails to counter the tension forces and forms 

the bubbles. When these bubbles reach to high pressure zone, the surrounding liquid wants to fill-up the cavity with very 

high jet of velocity so result as the collapsing of the bubbles. Because of this, a high pressure shock wave has been 

generated which deforms the material. Since, innumerable bubbles are collapsing, so deep pits are formed and surface 

becomes spongy. 

 

D. Cavitation Erosion in Hydro Turbines 

           

Cavitation mainly occurs when pressure of flow is less than the vapour pressure of the water, and this situation arrives 

when the velocity of flow is high and the turbine position is kept too high with respect to the tail race level. In hydro 

turbines cavitation mainly occurs at the exit portion of runner and in the entrance of draft tube where low pressure zone is 

created. Fig.2 shows the extensive damage of a Francis runner due to cavitation phenomena.  

 
Fig.2: Bubble formation on the runner of turbine  

 

 
    Fig.3: Cavitation damage to the blades of Francis turbine. 

 

E. Thoma’s Coefficient  

       

Prof. D. Thoma suggested a dimensionless number, called as Thomas’s cavitation factor  (sigma), which can be used for 

determining the region where cavitation take place in reaction turbines:. 

                                                      

                                                                                                                                                     

Where H is the net head available, 

         Ha - Barometric or atmospheric pressure head, 

         Hv - Vapour pressure head, 

         Hs - Suction head.  

The value of Thoma’s cavitation factor ( ) for a particular type of turbine is calculated from the formula as given. Then 

this value of Thoma’s cavitation factor ( ) is compared with critical cavitation factor ( c) for that type of turbine. If the 

value of  is greater than c cavitation will not occur in the turbine. 
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 For safe operation (cavitation-free) of turbine, it is evident that. 

 > c 

The value of c for different turbines can be calculated by the following relations which are given below. 

   

 For Francis turbines,             

                                                       

   

 For propeller turbines,           

 

For Kaplan turbine value of σc can be obtained by increasing theσc of Propeller turbine by10%. Where Ns is the specific 

speed of turbine. Limit of Thoma’s cavitation factor of hydraulic turbines for safe operation can be detected 

from the Fig.1.11.  

 
Fig.4: Thoma cavitation factor versus specific speed. 

 

F.  Cavitation Factor ( ) 

 

(1) The cavitation factor  (Thomas’s coefficient) characterizes the setting of a hydraulic turbine respect to the tail 

race water level. It shall be used as a basis of comparison for model and prototype under cavitation conditions.  

 

(2) It has been found that value of  depends on specific speed (Ns) of the turbine and for a particular turbine the value 

of factor  can be reduced up to a certain value up to which is efficiency (o) remains constant. After that the further 

decreasing in the value of  results in a sharp fall in efficiency (o). Fig.1.12 shows the variation of Thoma’s cavitation 

factor ( ) with efficiency.  

 

 
Fig.5: Efficiency versus thoma’s cavitation factor . 
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G. Factors Influencing the Cavitation 

 

 Factors that affect the cavitation in hydro turbine are as follows: 

i. Specific speed of the turbine, Ns. 

ii. Height of runner exit from the tailrace level.                                 

iii. Absolute velocity of water at runner exit. 

iv. Vapor pressure varies with change in temperature. 

v. Absolute pressure of flow. 

vi. Geometry and flow regime of liquid. 

 

II. LITERATURE REVIEW 
 

Kumar and Saini reviewed this field by studying the research of several investigators and discussed them extensively. 

Based on literature survey various aspects related to cavitation in hydro turbines, various reasons for the declined 

performance and efficiency of the hydro turbines and suitable remedial measures were discussed. Some of the investigators 

reported that in spite of design changes in the turbine components and providing different materials and coatings to the 

turbine blades, however the improvement in most cases is not quite significant. It is therefore; further experimental and 

theoretical studies are required for studying the impact of cavitation in hydro turbine to determine impact of cavitation at 

different values of parameters which was relate to the cavitation in hydro turbine. CFD based analysis of cavitation in 

reaction turbines could be cost effective solution for an extensive analysis. 

 

Vasile Cojocaru et al performed a study to investigate the cavitation in the coated surface. The thermal spraying of 

wolfram carbide powder had been checked into martensitic stainless steel substrates in two laboratory samples. The 

phenomena of cavitation had been investigated by the ultrasonic method. The coatings obtained by thermal spraying, used 

with success for resistance against erosion, didn’t lead to acceptable results in case of cavitation. Aspects such as 

insufficient adhesion of the deposited layer to the substrate and porosity determined unacceptable cavitation behaviour. 

 

Peng Yu-cheng and Chen Xi-yang at first, an operating point had chosen for numerical analysis using the 

Reynolds-Averaged Navier-Stokes (RANS) equations and results were in agreement with the characteristics curves. 

Secondly, a tiny protrusion on the guide vane surface is considered and the problem is simplified to a 2-D problem to 

study the local detailed flow near the guide vane surface. It is shown that there exists a region in which the static pressure 

reaches a level below the vapour pressure of the water. With the results it can be said that the cavitation will occur only if 

the guide vane surface is scraggly, such as with deciduous coat or tiny pits caused by silt cutting. 

 

Marek Szkodo et al described the influence of chemical composition of the padding welds on the chromium steel 

samples on their performance under cavitation phenomena. The composition of the padding welds assured their 

austenidic or martensitic structure. The apparently processed on work pieces were subjected to cavitation impingement at 

the rotating disc. Results indicated that creation of metastable austenitic structure reinforced with marten site exerts 

positive effect on cavitation resistance of the material. From this point of view, the new experimental electrodes can be 

efficiently used for repair of cavitation damages in hydraulic turbines. 

 

B Zhu and H. Wang proposed an analytical method including a macroscopic cavitation model based on the 

homogeneous flow theory and a microscopic cavitation model based on the bubble dynamic for the prediction of the 

impact force caused by cavitation bubbles collapse in cavitation flows. They performed the cavitation flow simulation 

using LES with a macroscopic cavitation model in normal pressure variation. It was deduced that the impact force on the 

solid surface can be estimated by using the size distribution of the bubble and the pressure induced by collapsing of the 

single bubble. The accumulative impact force caused by cavitation bubble collapse based on single bubble collapse was 

predicted accurately comparing with the experimentally.  
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Carolyn M. Preece and John H. Brunton made a comparison between the response of several metals and alloys to 

multiple liquid jet impact and their response to ultrasonically induced cavitation. For the single-phase metals and alloys, 

namely aluminium, iron, AI-l%Cu, AI-l%Mg and Cu-30%Zn, the failure mechanism is the same for the two techniques. 

However, there are significant differences For Al-4%Cu and Al-9%Mg. The former alloy fails in cavitation by the growth 

of macroscopic fatigue-like striated pits, whereas under liquid impact the fracture appears more like Trans crystalline 

cleavage. The differences in the Al-9%Mg alloy are even more dramatic: under cavitation the surface becomes covered 

with macroscopic striated pits, whereas under liquid impact failure is inter crystalline. 

 

Prasad et al emphasis that the conventional methods for turbine performance evaluation is its model testing which 

becomes costly and time consuming for several design alternative in design optimization. Computational fluid dynamics 

(CFD) has become a cost effective tool for predicting detailed flow information in space to enable the section of the best 

design. In this paper, they compare the efficiency comes though experiment and CFD analysis with three different the 

guide vane angles obtain the efficiency come approximately same.  

 

Drtina and Sallberger investigate the use of CFD for predicting the flow in hydraulic turbine has brought further 

substantial improvements in their design, and result is a more complete understanding of flow processes and their 

influences on turbine performance. Detail of flow separation, loss source and distributions in components both design and 

off-design as well as detecting low pressure level associated with the risk of cavitation are now amenable to analysis with 

aid of CFD. 

 

Wu et al studied the runner and guide vanes are optimized to the maximum extent and the stay vanes has been 

modified with a possible minimum cost under the geometrical constraints of the machine. The performance of the design 

has been verified by model tests, and exceeds required improvements. The highly successful combination of the CFD-

based design optimization with model testing has finally resulted in a new model which can provide about 23% increase in 

power and over 3% upgrade in max.efficiency. The model provides the improved cavitation characteristic with extremely 

smooth performance over a much wider range of operations compared to the existing design. 

 

Thakker et al compared Computation Fluid Dynamics (CFD) analysis with Experimental analysis of 0.6 m 

diameter of turbine used for wave energy power conversion. The 2D CFD result for 0.6m Impulse turbine with fixed 

guide vanes were extrapolated to predict 3D performance and are giving similar trends as what we get from experimental 

analysis, which is good sign. 

 

Lipej investigates optimization methods for the design of axial flow turbine by using the CFD. This paper 

describes the complete optimization procedure for the design of axial runners. The procedure consists of a design 

program, numerical flow analysis and a multi objective genetic algorithm. The benefits of this approach in terms of 

reduced design time are very important. Without the optimization method such a design procedure can take a few weeks, 

but using the proposed method the time can be reduced to a few days. The results of the optimization procedure help 

show how each design parameter influences the energetic and cavitation characteristics of axial runners. Using the genetic 

algorithm in combination with three dimensional numerical flow analyses was found to be useful for the design of 

hydraulic machines, because the initial geometry from the design program has a relatively high level of efficiency. 

 

Viscanti et al studied Fluid dynamics optimization of new blade profiles and meridional channel is achieved using 

CFD. A trial and error approach is used to modify geometric shapes in order to increase blade efficiency and to reduce 

cavitation phenomena in the new runner. The most regular trend and the higher values for relative efficiency remark how 

CFD is a powerful tool to improve fluid dynamics in Francis runners. Optimization required a lot of CFD runs but it 

helps to understand the very complicated 3D flow field inside the Francis turbine and to detect improvement areas in 

future runner designs. 
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Liu et al evaluated hydraulic performances of a prototype Kaplan turbine having a runner dia of 8 m, which has 

been predicted by using the steady turbulent flow analysis with standard k-s turbulence model for the entire flow passage. 

They find Prediction of the performances is robustly conducted by the computational method, where the working head is 

used as the given condition. 

 

Kim et al investigated the influenced of pressure, tangential, axial velocity distributions on turbine performance by 

using commercial CFD codes. In order to acquire basic design data of tubular type hydro turbine, output power, head, and 

efficiency characteristics due to the guide vane opening angle are examined in detail. After CFD analysis they found the 

influence of passageway on the velocity distributions is negligible and the tangential velocity component has its maximum 

value at runner vane inlet region, on the contrary, axial velocity component has its maximum value at runner vane exit. 

 

Prasad et al studied 3D simulation for flow in mixed flow (Francis) turbine passage using CFD software ANSYS 

CFX 10 software for study of flow pattern within turbine space and computation of various losses and efficiency at 

different operating regimes. They found computed efficiency values at maximum efficiency regimes for three guide vane 

openings are close to that of experimental values and hence validate CFD analysis in turbine flow passage. The efficiency 

characteristics from CFD simulations are very similar to that obtained in experimental testing of Francis turbine models. 

 

Carija and Mrsa simulated the steady fluid flow with moving reference frame in the entire Francis turbine 

consisting of the stay vanes, 24 guide vanes and 16 runner blades. Calculation was performed using commercial fluid flow 

solver FLUENT on a Linux cluster. 

 

III. OBJECTIVE OF PRESENT STUDY 
 

        High specific speed turbines are more prone to cavitation, it is therefore there is a need to investigate the cavitation 

on axial flow turbine. It is proposed to carryout CFD based analysis for cavitation on Propeller turbine. 

 

The following objectives are proposed; 

i. To design a propeller runner for the given data. 

ii. To make 3-model of turbine in the Pro-E software. 

iii. To investigate the effect of cavitation under different conditions. 

iv. To investigate the efficiency under cavitation. 

 

 In the present study, the propeller turbine with casing for micro hydro range has been designed. A propeller turbine 

having rated head and discharge of 4.2 m and 0.121m3/s respectively is considered for the present study. 

 

IV. METHODOLOGY 
       

  The present work has been followed the certain methodology which provided the optimum approach to finish the work. 

For CFD analysis of hydro turbine first step to generate CAD model which has been done be PRO-E software, this stage is 

pre-processor stage for the simulation. Second step to assemble the parts and generate the meshing of different turbine 

components with the help of ANSYS software, which is also a pre processer stage for simulation. Third step is solving the 

equation with help of boundary condition and initial condition with the help of FLUENT software, this stage is called 

solver stage. Final step is the analysis of result. The methodology shown in Fig.6. 
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Fig.6: Flow chart for methodology 

 
Fig. 7: The Efficiency Vs Discharge Curve: 

 

A. Comparison of simulated results with experimental 

 

The curves shown in Fig.8 shows a similar trend for both experimentation and simulation results for the Flow analysis. 

And the maximum Deviation of simulated efficiency has been found as 11.03%. This deviation has been obtained due to 

ignoring the losses which can be considered as friction, bearings and other losses. But the trends of the both curves are 

same as shown in Fig.8. A good agreement between experimental and simulation results is obtained. So the model has 

been validated with experiment set-up, hence a further study on analysis of cavitation phenomena has been performed. 

 
Fig 8.: Experimental And Simulated Efficiency 

 

 

  Start 
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B. CAVITATION FLOW CONDITIONS- 

  

It consists of the simulation of propeller turbine for cavitation flow. Cavitation flow condition was generated using 

Schnerr-Sauer cavitation model present in FLUENT. Input and output parameters are as mentioned in Table 1. 

 

 when suction head 0.46 meter-                               

    

                                                 =  

               = 2.26 

      For propeller turbines,       

                   =  1.95 

As here value of  is greater than c (  > c) so cavitation will not occur at this suction head in the turbine. So check 

further whether cavitation will occur or not, by increasing the suction head. 

 when suction head 0.61meter- 

       

                                                    =  

                 = 1.94 

          For propeller turbines,         

As here value of c is greater than  ( c > ) so cavitation phenomena will initiate when suction head reached up to the 

height of 0.61m of draft tube.  

 

C. Efficiency under Cavitation with Suction Head-0.61 m: 

 

Table 1: Input and output parameters in cavitation flow condition. 

S. No. Parameter Value  

Input parameters 

1 Mass Flow Rate 121 Kg/s 

2 Rotational Speed 1500 rpm 

3 Pressure – Outlet 490 Pa 

Output Parameters 

1 Pressure – Inlet Pa 

2 Torque, T  N-m 

 Torque Components 

2.1 Tx 64.27 N-m 

2.2 Ty 215.21 N-m 

2.3 Tz 76.92N-m 
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The contour of Volume fraction of vapour has been shown in runner blade showing the variation of vapour bubble on 

runner blade is shown in the Fig 9. 

 

 
         Fig.9:  Cavitation effect on runner blades                                                          

                 Input parameters: Q = 0.121 

                                                  = 0.121 cumec. 

                                            Pt2 = 1960 Pa. 

   Output parameters: Torque (T) = 213.83 N-m 

                                                Pt1 = 349478 Pa 

         So efficiency ( )  

            =   80.15% 

 when suction head 0.63meter- 

       

                                                    =  

                 = 1.93 

            For propeller turbines,         

As here value of c is greater than  (  > ) so cavitation phenomena will occurs also at this stage.  

 

D. Efficiency under Cavitation with Suction Head-0.63 m: 

 

Table 2: Input and output parameters in cavitation flow condition. 

S. No. Parameter Value  

Input parameters 

1 Mass Flow Rate 121 Kg/s 

2 Rotational Speed 1500 rpm 

3 Pressure – Outlet 294 Pa 

Output Parameters 

1 Pressure – Inlet Pa 

2 Torque, T  N-m 

 Torque Components 

2.1 Tx 63.83 N-m 

2.2 Ty 212.94 N-m 

2.3 Tz 74.15N-m 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 4, ISSUE 7, DEC/2017

ISSN NO: 2394-8442

http://iaetsdjaras.org/256



 

 

The contour of Volume fraction of vapour has been shown in Fig 10. 

 

 
         Fig.10: Cavitation effect on runner blades                                                             

     Input parameters: Q = 0.121 

                                                  = 0.121 cumec. 

                                            Pt2 =294 Pa. 

   Output parameters: Torque (T) = 212.94 N-m 

                                                Pt1 = 349485 Pa 

         So efficiency ( )  

                                     =   79.12% 

 when suction head 0.65meter- 

       

                                                     =  

                 = 1.92 

For propeller turbines,         

As value of c is greater than (  > ) so cavitation phenomena will occurs also at this stage.  

            

E. Efficiency under Cavitation with Suction Head-0.65 m: 

 

Table 3: Input and output parameters in cavitation flow condition. 

S. No. Parameter Value  

Input parameters 

1 Mass Flow Rate 121 Kg/s 

2 Rotational Speed 1500 rpm 

3 Pressure – Outlet   98 Pa 

Output Parameters 

1 Pressure – Inlet Pa 

2 Torque, T N-m 

 Torque Components 

2.1 Tx 60.97 N-m 

2.2 Ty 210.83 N-m 

2.3 Tz 72.45N-m 
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The contour of Volume fraction of vapour has been shown in Fig 11. 

 

 
         Fig.11: Cavitation effect on runner blades                                                          

       

Input parameters: Q = 0.121 

                                                   = 0.121 cumec. 

                                                 Pt2 = 98 Pa. 

        Output parameters: Torque (T) = 210.83 N-m 

                                                    Pt1 = 349491 Pa 

              So efficiency ( )  

                                                  =   78.29% 

That means by increasing the suction head, there will be reduction in the pressure at portion of exit of turbine by which 

more bubble formation occurs which produces more pitting action (Erosion) in the turbine blade so because of that 

efficiency get down reduces with increasing the suction head. A curve has been shown with efficiency (under cavitation) 

versus suction head in Fig.12 

 
Fig.12: Efficiency under Cavitation  
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V.CONCLUSIONS 
  

In the present study, analysis of flow through propeller turbine has been carried out to investigate the effect of cavitation, 

using ‘ANSYS’ CFD package. The rated capacity of the turbine is 5 KW at 4.2m head and 0.121 cumecs discharge has 

been considered. The 3-D model of turbine has been generated in Pro-E Software with proper sizing and then meshed 

model was created using ‘ANSYS’ Software. Simulation has been carried out for different flow conditions, in order to 

determine the turbine efficiency without cavitation. Based on the studies following conclusions are drawn. 

 

 Pure water flow was carried and k-epsilon turbulence model was employed. The maximum efficiency of the turbine 

was found out as 81.33% with 100% discharge. High pressure zone has been observed at the inlet of the runner blade 

 For the different flow condition, the different values of efficiency have been obtained as 74.36%, 81.33%, 73.22% and 

69.28% at different discharge of 110%, 100%, 80% and 60% respectively. . 

 It has been observed that by increasing the suction head, the value of thoma’s coefficient factor is going to decrease 

but after certain limit, there will be sharp reduction of efficiency due to effect of cavitation. 

 The maximum efficiency under effect of cavitation has been found as 78.29% with the 0.65 metre of suction head 

which are within the range of 2-3%. 
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