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ABSTRACT 

 

Recent advancements in technology, design and manufacture of equipment for small power generating sets 

have facilitated harnessing the resources of small hydro potential in India. Large number of firms are now 

manufacturing standard turbo-generating units to suit different head, discharge and other parameter 

requirements. Cavitation in water systems is due to the formation of cavitation bubbles, which results from local 

pressure falling below the vapour pressure of the flowing water.In hydraulic machines, efficiency is reduced 

considerably due to cavitation and this alters the flow pattern. Loss of energy is caused due to vibration and 

noise. Pitting of the surface causes loss of material. In hydraulic turbines, the power output is reduced due to 

cavitation, since the force exerted by water on the turbine blades decreases.with the modified stay column 

support a smooth operation can be achieved. 
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Introduction  

 

Run of river power house have very limited storage capacity and uses water as is available in the river. The 

power generation follows the pattern on inflows available. Some of the run of river power house have diurnal 

storage / pondage to permit storing water during off peak hours for using peak hours of the same day. Storage 

type power house have reservoir of sufficient size to permit carry over storage from the rainy season to dry 

season. This helps developing substantially more power than that available through natural flows. Pumped 

storage power house have head water storage and tail water storage. During peak load, the water from head 

water storage is released to generate power, whereas during the off – peak period, secondary power from other 

power stations is utilized to pump water from tail water storage to head water storage. The pumped storage 

schemes provide capacity to meet peak loads, a typical layout of Bulb Turbine Generator set is shown in fig.1. 

Cavitation is the formation of holes or voids, in water due to the occurrence of low pressures. This boiling 

like phenomena occurs at all points in a stream flow where the pressure is as low as the vapour pressure of the 

liquid. The cavities (bubbles) thus formed are filled up with vapour and move millions for seconds. When they 

collapse, they collapse with a force greater than that off breaking strength of steel causing a dent in the conduit 

carrying the flow. Cavitation induces vibrations, damage to the materials, unendurable noise, losses in the 

efficiency and alteration in flow pattern. Hence, hydraulic machineries have to be designed entirely free from 

cavitation.  
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Fig. 1: Layout of bulb turbine in a runoff river power house 

 

2. Cavitation in Hydro Turbines: 

 

Handling of large powers per unit and yet keeping the size of a turbine economically small requires higher 

running speeds, which means greater pressure differences between the two sides of the vanes of a runner. If the 

pressure at any point in the vane reaches the critical pressure for causing cavitation, the vane gets damaged.  The 

average pressure in a hydraulic turbine runner falls from inlet to outlet. The setting of the runner can be 

designated by hs the distance between the tail water level and the centre line of the runner. The pressure at any 

point in the runner depends on hs.  If hs is increased, the pressure on the both sides of vanes becomes low and in 

particular the minimum pressure on the vane may get reduced below to vapor pressure starting cavitation. On 

the other hand, by suitably reducing the value of hs cavitation on the vane can be avoided. But a low value of hs 

involves considerable expenditure in civil engineering works, while a high value of hs increases cavitation 

damaged repair cost involving loss as temporary shutting down of the plant. A compromise value of hs between 

the two is generally struck, as a slight cavitation in the machine does not affect its performances significantly. 

The parameter most widely used to denote the state of the cavitation is the Thoma cavitation factor  

 

σ = (ha - hvp - hs)/H                                                                                 (1) 

 

Where ha is atmospheric pressure in meter of water column, hvp is vapor pressure of the flowing water in 

meter of water column he hs is considered as positive if the runner centerline is above the tail water level and 

negative otherwise. There are mainly to approaches two protect the cavitation limit in a turbine i) to identify the 

different types of cavitation occurring in turbine and define a critical cavitation parameter for each of them and 

to calculate which of them will seriously affect the machine. ii) to test a geometrically similar model of the 

machine and establish a critical cavitation limit. To overcome the pitting due to cavitation in turbine, fine graded 

cast iron, bronze or steel casting with stainless steel overlay in the region of blade trailing edges are used. In 

addition to using such materials to overcome the effects of the cavitation, other methods like air venting are also 

used in turbines. 

In the finite element method, the actual continuum or body of matter like solid, liquid or gas is represented 

as an assemblage of subdivisions called finite elements. These elements are considered to be interconnected at 

specified joints, which are called nodes or nodal points. We assume that the variation of the field variable inside 

a finite element be approximated by a simple function. These approximating functions also called interpolation 

models are defined in terms of the values of the field variables at the nodes. When field equations like 

equilibrium equations for the whole continuum are written, the new unknowns will be the nodal values of the 

field variable. 

From the assumed displacement model the stiffness matrix [K(e)] and the load vector [P(e)], of element “e” 

are to be derived by using either equilibrium conditions of suitable variation principle. Since the structure is 

composed of several finite elements, the individual element stiffness matrices and load vectors are to be 

assembled in a suitable manner and the overall equilibrium equations have to be formulated as [K]=P, where 

[K] is called the assembled stiffness matrix,  is the vector of nodal displacement and P is the vector of nodal 

forces for the complete structure. The overall equilibrium equations have to be modified to account for the 

boundary conditions of the problem. For linear problems, the vector  can be solved very easily. But for 

nonlinear problems, the solution has to be obtained in a sequence of steps, each step involving the modification 

of the stiffness matrix [K] and/or the load vector P. From the known nodal displacement , if required, the 

element strains and stress can be computed by using the necessary equations of solid or structural mechanics. In 
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this chapter we analyse the stress distribution and deflection of the discharge ring for various thicknesses with 

different material and the stability of the stay column using the finite element analysis package ANSYS –12.  

 

3. Structural Analysis in Bulb Turbine: 

 

A structural analysis is made using ANSYS-12 software in bulb turbine. The simulation is made to find out 

the suitable thickness for the discharge ring. The allowable clearance between runner vane and discharge ring is 

3mm, hence deformation over and above 3 mm will make runner vane physically rubbing the discharge ring. 

The existing material SS41 with 40 mm thickness used for the discharge ring is found to be in adequate, as the 

deflection is  3.457 mm as against the required clearance of 3 mm for the turbine runner to rotate freely inside 

the discharge ring and the results are tabulated in  Tables.1 and 2. 

 
Table 1: Safe working stress for different materials  

MATERIAL 
Yield Stress (y)  

 106 N/m2 

Safe Stress (SF)  

 106 N/m2 

 

n = 1 n =1.5 n = 2 

SS41 315 315 210 157.50 

SS44 338 338 225 169.41 

SS50 385 385 257 192.50 

SS55 423 423 282 211.50 

SS58 446 446 297 223.00 

 

Table 2: Stress and deflection at discharge ring for various thickness of SS41 steel 

Parameters measured 
Thicknesses (mm) 

30 40 50 60 62.5 

Deflection (mm) 4.445 3.457 2.658 2.2214 2.117 

Vonmises Stress (N/m2)  106 335 263 204 163 160 

 

Hence the thickness is increased to least to 60 mm with SS41 and 50 mm with SS50 or SS55 material. For 

cost optimization, the thickness of discharge ring is selected as 50 mm in SS55 structural steel. The result of the 

simulation using ANSYS is also inline with the above selection of material and thickness.  

From the simulation made to find out the stability of the stay column it is conformed that the results 

obtained by the simulation are also in line with the analytical results. Deflection of stay column in X-axis with 

modified condition is reduced appreciably by providing pipe jacks in top stay column and in the bottom stay 

column. The simulation results reveal that stress concentration near the stay column is much reduced and hence 

the concrete foundation is safer compared to the existing condition.  

The thickness for discharge ring is taken as 30mm, 40mm, 50mm, 60mm & 62.5mm for existing SS41 

material and analysis are made for stress distribution and deflection in the simulated model and the results 

obtained are given below in Figs. 2 - 11. 

 

3.1 Simulated Results on Discharge Ring: 

 

 
Fig. 2: Stress distribution in discharge ring at 30mm thickness  
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Fig. 3: Deflection in discharge ring at 30mm thickness 

 
Fig. 4: Stress distribution in discharge ring at 40mm thickness 

 
Fig. 5: Deflection in discharge ring at 40mm thickness 
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Fig. 6: Stress distribution in discharge ring at 50mm thickness 

 
Fig. 7: Deflection in discharge ring at 50mm thickness 

 
Fig. 8: Stress distribution in discharge ring at 60mm thickness 
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Fig. 9: Deflection in discharge ring at 60mm thickness 

 
Fig. 10: Stress distribution in discharge ring at 62.5mm thickness 

 
Fig. 11: Deflection in discharge ring at 62.5mm thickness 
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3.2 Modal Analysis for Stay Column Stability: 

 

Modal analysis is done to determine the vibration characteristics (natural frequencies and mode shapes) of a 

structure or a machine component while it is being designed. It also can be a starting point for another, more 

detailed, dynamic analysis, such as a transient dynamic analysis, a harmonic response analysis, or a spectrum 

analysis. It is used to determine the natural frequencies and mode shapes of a structure. The natural frequencies 

and mode shapes are important parameters in the design of a structure for dynamic loading conditions. 

 

3.3 Harmonic Response Analysis: 

 

Any sustained cyclic load will produce a sustained cyclic response (a harmonic response) in a structural 

system. Harmonic response analysis give the ability to predict the sustained dynamic behavior of the structures, 

thus enabling to verify whether or not designs will successfully overcome resonance, fatigue, and other harmful 

effects of forced vibrations. It is a technique used to determine the steady state response of a linear structure to 

loads that vary sinusoidal (harmonically) with time. The idea is to calculate the structure’s response at several 

frequencies and obtain a graph of some response quantity (usually displacements) versus frequency. “Peak “ 

responses are then identified on the graph and stresses reviewed at those peak frequencies. 

 

3.4 Transient Analysis: 

 

The transient analysis solution method used depends on the degree of freedom involved. Structural, 

acoustic, and other second order systems (that is, the systems are second order in time) are solved using one 

method and the thermal, magnetic, electrical and other first order systems are solved using another. Each 

method is described subsequently. If the analysis contains both first and second order degree of freedom (e.g. 

structural and magnetic), then each degree of freedom is solved using the appropriate method.  

 

4 Stay Column: 

 

Assumptions made for stay column analysis are as follows: 

1. In a turbine the structure fixed are assumed to be a fixed boundary condition (i.e., all Degree of 

freedom is assumed to be zero) 

2. Bearing are taken as a parts attached to the main shaft through which load are transmitted. 

3. Axial thrust is given to the runner vanes along the line 

4. Runner weight is given at the right end of the main shaft as shown in the figure. 

5. Similarly rotor weight is given at the best end, for pictorial representation it is shown as a rectangular 

cross section. 

6. Bulb weight is given along the bearing itself. 

7. Self-weight of the shaft is given along the main shaft. 

8. Water pressure is given at the front end of the bulb turbine along the line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Simplified 2D section of Bulb turbine for analysis (meshed) 
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4.1 Simulation results on Stay Column Stability: 

 

From the analysis it is seen that more stress concentrates near the junction between the stay column and 

concrete foundation. It can be reduced by providing the cross bar arrangement in the stay column as shown in 

the following figures from Figs. 12 - 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Total deflection of stay column with existing condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14: Total deflection of stay column with modified condition 1 

 

From the above Case 1 it shows some deflection near the outer stay cone, hence it is necessary to add 

another cross bar in upper stay column. 
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Fig. 15: Total deflection of stay column with modified condition 2 

 

From the above Deflection of stay column in x axis with Modified condition 2, deflection of the stay 

column is reduced by in introduction of two cross bar in top stay column and one set of cross bar in bottom stay 

column. As shown in fig 15 which reveals that stress concentration near the stay column and concrete 

foundation has been reduced. 

 

5. Flow Analysis in Bulb Turbine: 

  

Flow analysis has been made in bulb turbine using CFX Tascflow software. The models for the runner 

vanes with the hub are created using CATIA to analyze the performance of bulb turbine in CFX Tascflow. The 

model is then transferred to CFX-4.4 for extracting curves and points of the vanes, i.e. hub curve, profile curves 

and shroud curve. The profile is verified using CFX-BladeGen before sending to Turbo grid. These points i.e. X, 

Y, Z co-ordinates are then sent as input to CFX-Turbo grid. In the Turbo grid suitable template is selected for 

meshing the model and the output is directed to different files and for analyzed for the flow patterns using CFX 

– Tascflow. The power and efficiency obtained by the simulation method are compared with the actual results 

available at the power plant and are found reasonably well.  

Flow analysis is also made using FLUENT-6.0 software to predict the location of low pressure area in bulb 

turbines. For the above analysis, the full model of turbine is created in CATIA. Then the model is created in 

Gambit, the pre processor of FLUENT and the meshing is exported to Solver. The model is solved and analysed 

using FLUENT computer package. In this analysis, rotational speed of the turbine runner is taken into account 

and the prevailing constant boundary conditions are applied. The water flows across the runner vane and various 

pressure drops are simulated and results obtained are closer with actual results.  

 

Simulations using CFX- 5.5: 

 

Computational fluid dynamics is a computer-based tool for simulating the behavior of a system involving 

fluid flow, heat transfer and other related physical processes. It works by solving the equation of fluid flow in 

special form over a region of interest, with specific known conditions on the boundary of that region.  

The water flow path in a bulb turbine is simulated to predict the pressure distribution in the water 

conducting system using CFD-ACE+ as CFD-ACE+ is very handy in analyzing 2-D models.  

 

Simulation Process and Results:  

 

The models for the runner vanes with the hub are created as shown in fig.16 using CATIA to analyze the 

performance of bulb turbine in CFX Tascflow. The model is then transferred to CFX-4.4 for extracting curves 

and points of the vanes, i.e. hub curve, profile curves and shroud curve. The profile is verified using CFX-

BladeGen before sending to Turbo grid. These points i.e. X, Y, Z co-ordinates are then sent as input to CFX-

Turbo grid. In the Turbo grid suitable template is selected for meshing the model and the output is directed to 

different files and for analyzed for the flow patterns using CFX – Tascflow and the results are given below. 

 



5487 
J. Appl. Sci. Res., 9(9): 5478-5488, 2013 
 

 

 

 

 

 

 

 

 

 

 

 

 

 (10% opening)         (28% opening)            (60% opening)              (90% opening)    

 

Fig. 16: Simulated runner vanes at various percentage openings  

 

The turbine power and efficiency can be obtained for the various runner vane angles by utilizing the CFX - 

Command line macr 

os. For example the power and efficiency for 10% runner vane opening obtained from the CFX – command 

line is shown below. Similarly the power and efficiency for the other runner vane angles are determined. 

 

Results and Discussion 

 

From the simulation made to find out the suitable thickness for the discharge ring it is confirmed that the 

results obtained by the simulation are also in line with the analytical results. As the allowable clearance between 

the runner vane and the discharge ring is 3mm, a higher deformation over and above 3 mm will make runner 

vane physically rubbing the discharge ring by elongation and buckling. It is found that the existing material 

SS41 with 40 mm thickness cannot be used, as the deflection is 3.457 mm as against the required clearance of 3 

mm for the turbine runner to rotate freely inside the discharge ring. 

Hence the thickness should be increased atleast to 60 mm with SS41 and 50 mm with SS50 or SS55 

material. For cost optimization, the thickness of discharge ring is selected as 50 mm in SS55 structural steel. The 

result of the simulation using ANSYS is also inline with the above selection of material and thickness. It is also 

found that, for the existing thickness of 40mm, the discharge ring deflection exceeds the allowable clearance 

value of 3mm. Hence the thickness of discharge ring has to be increased to 50mm, so that the deflection does 

not exceed the allowable clearance value.  

From the simulation made to find out the stability of the stay column it is conformed that the results 

obtained by the simulation are also in line with the analytical results. Deflection of stay column in x axis with 

modified condition is reduced appreciably by providing pipe jacks in top stay column and in the bottom stay 

column. The simulation results reveal that stress concentration near the stay column is much reduced and hence 

the concrete foundation is safer compared to the existing condition. 

 

Conclusions: 

 

The simulation analysis in our research using computer software CFX5.5 is very much useful in finding out 

the zones of low pressure operations in a bulb turbine without actually going for a physical model test as 

suggested by the above researches. The results obtained in simulation are also inline with the analytical results. 

In practical conditions, the clearances are 0 mm at the sides and 6 mm on top and bottom of discharge ring. As 

the buckling results are also comparable with simulation results for the water hammer pressure of 240 bar with 

the calculated results in the analytical method. Hence, the results are proved to be accurate. When the discharge 

ring made of 50 mm, the stress induced is only 204  106 N/m2 which is below the yield strength of 211.5  106 

N/m2 for SS41 with a maximum factor of safety of 2. The deformation for 50 mm thickness is about 2.658 mm. 

which is lesser than the deformation with 40 mm.  

From the simulation analysis for the stability of the stay column it is found that entire load of the bulb 

turbine is taken care by the top and bottom stay columns and more stress concentration occurs near the concrete 

foundation at the junction of stay column embedment.  It is conformed by the simulation process that the above 

problem can be avoided by providing the pipe jacks inside the stay columns as the stress distribution is uniform 

and the deflection of the stay column is reduced. The diameter of the pipe jacks used is 40 mm and is made-up 

of mild steel. From the simulation the modification to the stay columns is found to be better than the existing 

design in terms of deflection and stress values, which extends the life span of the bulb turbines. 
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