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ABSTRACT 
 

The aim of this thesis is to study and analysis the cavitation 

phenomenon in Roseires power station. 

The research presents the cavitation phenomenon featured by fluid 

machinery including cavity development related to the turbines 

operating conditions.  The effects of the operating conditions, such as 

load, head and flow influence the development on machine efficiency, 

noise, vibration and damage are discussed.  

    The thesis state the cavitation problem in Roseires power station 

and the time in which the turbines subjected to cavitation during the 

intake cleaning process was recorded. The specific speed, cavitation 

index, and the critical cavitation index are calculated during the 

mentioned three periods (flood season, water restriction period and 

blackout) before and after dam heightening.  

The results of the calculations indicated that the Cavitation occurred 

during the three periods since the cavitation index of all periods is less 

than the critical cavitation index before and after dam heightening. 

    Some points are recommended for loading units out of cavitation 

zone to reduce cavitation effect to minimum condition.  
 

 
 



 
بحثال صلخستم  

  

  

الھѧѧѧѧدف مѧѧѧѧن ھѧѧѧѧذاالبحث ھѧѧѧѧو دراسѧѧѧѧة وتحلیѧѧѧѧل ظѧѧѧѧاھرة التكھѧѧѧѧف بمحطѧѧѧѧة تولیѧѧѧѧد           

 السѧѧѧوائل آلاتالتكھѧѧѧف فѧѧѧي  ظѧѧѧاھرة بالمناقشѧѧѧة والتحلیѧѧѧل  یعѧѧѧرض بحѧѧѧثالالروصѧѧѧیرص. 

   وارتباطھѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧا بѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧالظروف التشѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧغیلیة المحیطѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧة بالماكینѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧات .

 مثѧѧѧѧѧل، المختلفѧѧѧѧѧة غیلظѧѧѧѧѧروف التشѧѧѧѧѧ الآثѧѧѧѧѧار المترتبѧѧѧѧѧة علѧѧѧѧѧىایضѧѧѧѧѧا  المشѧѧѧѧѧروع وینѧѧѧѧѧاقش

الاھتѧѧѧѧѧزاز  ،الضوضѧѧѧѧѧاء،  الماكینѧѧѧѧѧة  كفѧѧѧѧѧاءة علѧѧѧѧѧى هتѧѧѧѧѧدفق ، وتѧѧѧѧѧأثیرالو القѧѧѧѧѧدرة، السѧѧѧѧѧمت

  .بالتوربینات یحدث لذياضررالو

البحѧѧѧѧѧث یعѧѧѧѧѧرض مشѧѧѧѧѧكلة التكھѧѧѧѧѧف فѧѧѧѧѧي محطѧѧѧѧѧة تولیѧѧѧѧѧد الروصѧѧѧѧѧیرص وزمѧѧѧѧѧن تعѧѧѧѧѧرض 

  للتكھف اثناء عملیة نظافة المداخل . التوربینات 

حسѧѧѧѧѧاب السѧѧѧѧѧرعة النوعیѧѧѧѧѧة ، مؤشѧѧѧѧѧر التكھѧѧѧѧѧف ومؤشѧѧѧѧѧر التكھѧѧѧѧѧف الحѧѧѧѧѧرج  تѧѧѧѧѧم    

 المیѧѧѧاه ترشѧѧѧید،  موسѧѧѧم الفیضѧѧѧان( الروصѧѧѧیرص محطѧѧѧة كھربѧѧѧاء فѧѧѧي فتѧѧѧرات ةثلاثѧѧѧ خѧѧѧلال

واشѧѧѧارت نتѧѧѧائج الحسѧѧѧابات  .قبѧѧѧل وبعѧѧѧد تعلیѧѧѧة الخѧѧѧزان )انقطѧѧѧاع التیѧѧѧار الكھربѧѧѧائيفتѧѧѧرة و

مѧѧن مؤشѧѧر التكھѧѧف الѧѧي وجѧѧود تكھѧѧف فѧѧي الفتѧѧرات الثلاثѧѧة حیѧѧث ان مؤشѧѧر التكھѧѧف اقѧѧل 

  . الخزان تعلیةبعد  و قبل  الحرج في الفترات الثلاثة 

  جیل بعض الملاحظات والتوصیات لتحمیل الوحدات خارج نطاق التكھف لتقلیلستم ت

  لحد الادني .آثاره ل

  

CHAPTER I 

                                              Introduction 
1.1 Background 

Cavitation is a physical phenomenon unwanted in hydraulic system. It is 

the phenomenon, of formation and collapse of vapor bubbles in the flow in 

hydraulic machines (turbines and pumps). [1] 

It is results from the fact that real water with its impurities evaporates, 

when the pressure falls short of critical value and since the density of cold water 



is about 105 times that of steam at the same pressure and temperature, the 

sudden condensation of vapor cavity on solid wall causes a severe droplet 

impact then with consequences of pitting and material destruction. The solid-

liquid two-fluid model were adopted in the numerical simulation, and the 

pressure, velocity and particle concentration distributive regularity on turbine 

blade surface under different diameter and concentration was revealed. Particle 

model was used to investigate the region and degree of runner blade abrasion in 

different conditions. The results showed that serious sand abrasion could be 

found near the blade head and outlet in large flow rate working condition. 

Relatively slight abrasion may be found near blade flange in small flow rate 

working condition. The more sediment concentration and the large sand 

diameter, the runner is seriously abraded, and the efficiency is greatly 

decreased. Further analysis of the combined effects of wear and abrasion was 

performed. The cavitation in silt flow is more serious than in pure water. The 

runner cavitation performance become worse under high sand concentration and 

large particle diameter, and the efficiency decrease greatly with the increase of 

sediment concentration. Cavitation is most likely to occur near the fast moving 

blades of the turbines and in the exit region of the turbines. The liquid enters 

hydraulic turbines at high pressure; this pressure is a combination of static and 

dynamic components. Dynamic pressure of the liquid is by the virtue of flow 

velocity and the other component, static pressure, is the actual fluid pressure 

which the fluid applies and which is acted upon it. Static pressure governs the 

process of vapor bubble formation or boiling. Thus, Cavitation can occur near 

the fast moving blades of the turbine where local dynamic head increases due to 

action of blades which causes static pressure to fall. Cavitation also occurs at 

the exit of the turbine as the liquid has lost major part of its pressure heads and 

any increase in dynamic head will lead to fall in static pressure causing 

Cavitation. The formation of vapor bubbles in cavitation is not a major problem 

in itself but the collapse of these bubbles generates pressure waves, which can 

be of very high frequencies, causing damage to the machinery. The bubbles 



collapsing near the machine surface are more damaging and cause erosion on 

the surfaces called as cavitation erosion. 

Cavitation while operating Hydraulic Turbines parameters should be set such 

that at any point of flow static pressure may not fall below the vapor pressure of 

the liquid. These parameters to control cavitation are pressure head, flow rate 

and exit pressure of the liquid. 

1.2 Aim of research 
  The aim of this project is to Study and analysis the cavitation phenomenon 

in Roseires power station. 

1.3 Objectives 
The main objective of this research is to:- 

1. Study cavitation in three periods. 

2. To determine cavitation index. 

3. To compare the cavitation effect in the three periods. 

4. To do the above steps before and after dam heightening. 

1.4 Methodology 
 In this research cavitation in three periods was studied by studying the 

effects of the operating conditions, such as load, head and flow which 

influence the development on machine efficiency, noise, vibration and 

damage and also by recording the time in which the turbines subjected to 

cavitation during the intake cleaning process. 

Cavitation index and critical cavitation index were determined by using 

the equations (Bernoulli, continuity, specific speed, cavitation index and 

critical cavitation index equations).  

Comparison was done between the three periods calculated parameters 

before and after dam heightening by comparing the cavitation index to the 

critical cavitation index (as a reference value) If the value of σ < бc 

cavitation will occur in that turbine. 

 

CHAPTER II 



Cavitation phenomenon 

2.1 Introduction 

The sediment concentration in many rivers in our world is very high, and 

the Kaplan turbine running in these rivers are usually seriously abraded. Since 

the existence of sand, the probability of cavitation is greatly enhanced. Under 

the joint action and mutual promotion of cavitation and sand erosion, serious 

abrasion could be made, the hydraulic performance of the Kaplan turbine may 

be descended, and the safety and stability of turbine are greatly threatened. 

Therefore, it is very important and significant to investigate the cavitation 

Characteristic of Kaplan turbine under sediment flow conditions. The results 

from practical experience showed that serious sand abrasion could be found 

near the blade head and outlet in large flow rate working condition. Relatively 

slight abrasion may be found near blade flange in small flow rate working 

condition. The more sediment concentration and the large sand diameter, the 

runner is seriously abraded, and the efficiency is greatly decreased. Further 

analysis of the combined effects of wear and abrasion was performed. The 

result shows that the cavitation in silt flow is more serious than in pure water. 

The runner cavitation performance become worse under High sand 

concentration and large particle diameter, and the efficiency decrease greatly 

with the increase of sediment concentration. When cavitation occurs the liquid 

changes its phase into vapour at certain flow region where local pressure is very 

low due to the high local velocities. 



 
                                          Figure.2.1 Cavitation process [1]  

 

 

There are two types of vaporization: 

1. The first is the well-known process of vaporization by increasing temperature 

(boiling). 

2. Vaporization under nearly constant temperature due to reduced pressure (i.e. 

cold boiling) as in the case of cavitation.    

 

 

                                                       

                                                                

                                                                                                                              

 

 



                              
                          Figure.2.2 Types of boiling [2]                                                                           

                                                               

The cold boiling process and hence cavitation depends on the purity of 

water. If water contains a significant amount of dissolved air, then as the 

pressure decreases the air comes out of the solution and forms cavities in which 

the pressure will be greater than the “vapour pressure”. This effect applies also 

when there are no visible bubbles. Submicroscopic gas bubbles can provide 

suitable nuclei for cavitation purposes. Hence cavitation can either be 

“vaporous” or “gaseous” perhaps, a combination of both. When cavities are 

formed in fluid, this violates the homogeneous character of the liquid resulting 

in practical problems.  

Figure.2.2 above explains the types of vaporization and shows clearly the:- 

 liquid-vapour line 

 cold-boiling 

 boiling 

Table 2.1 below explains the pressure effect to the boiling point of water: 

 

               Table 2.1 pressure effect to the boiling point of water 
Pressure (bar) Boiling point (deg c˚) 

Liquid vapor line 

Cold-boiling 

Boiling 



0.02 20.0 

0.03 26.4 

0.07 38.7 

0.14 52.2 

0.21 60.8 

0.28 67.2 

0.34 72.3 

0.41 76.7 

0.48 80.4 

0.55 83.8 

0.62 86.8 

0.69 89.6 

0.76 92.1 

0.83 94.4 

0.90 96.6 

0.97 98.7 

1.0 100 

 
 
 

Under atmospheric pressure the water boils at 100 ̊centigrade. However, if the 

pressure is reduced to below 0.02 bars, then it boils at temperature 20 centigrade 

as in shown in figure 2.3 

 

 



 
Figure.2.3 relationship between temperature and boiling point [4] 

 

In many hydraulic machines, in some parts the pressure falls to below 

0.02 bars (mainly at the runner blades). There vapor bubbles are formed, which 

are transported by the flow to regions of higher pressure, where they collapse. 

This phenomenon, the formation and collapse of vapor bubbles in the flow, is 

called cavitation. In extreme cases these are so severe that the machines may not 

be allowed to operate. Therefore it is important to know the properties of the 

cavitation. 

2.2 Model test loops 
There are two main types of the model test loops: 

• Closed loop (Figure 2.4a). 

• Open loop (Figure 2.4b). 

In the closed circuit the service pump generates the head what is consumed by 

the turbine and it covers also the flow losses of the loop. The model turbine is 

situated normally at a higher level than the service pump, in order to avoid 

cavitation in the service pump while the turbine cavitates, perhaps seriously at 

an extreme test point. The pump is driven by a DC motor, so that by speed 

regulation the duty point may be adjusted in a wide operating range. 



The water is circulated in the open loop. From the suction side vessel of the 

turbine the water flows through a throttling device into an open channel, and the 

pump lifts the water from this channel. 

The main difference between closed loop and open loop operation is in the 

quality of the water, what is important in cavitation tests.  

In closed loop, testing at low cavitation σ values means that the model turbine 

seriously cavitates.  

 

 
                 Figure 2.4a Closed loop model test [1] 

 

 

 
                      Figure 2.4b Open loop model test [1] 

 

 

 

 

2.3 Thomas cavitation coefficient 

Is defined as:- 
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Where Hₐ is the atmospheric head, Hᵥ is the vapor pressure head, z is the 

Height of the runner outlet above tail race and H is the total operating head. 

The value of σ depends on Ns (specific speed) of the turbine and for a turbine of 

given Ns the factor σ can be reduced up-to a certain value up to which its 

efficiency, ηo remains constant. 

The minimum value of σ at which cavitation occurs is defined as critical 

Cavitation factor бc  

бc is found to be a function of specific speed. In the range of specific speeds 

For Francis turbine σc varies from 0.1 to 0.64 and in the range of specific 

Speeds for Kaplan turbine бc varies from 0.4 to 1.5. If the value of σ > бc 

cavitation will not occur in that turbine and cavitation ranges are: 

The cavitation sound level peak 1, if σ range is 0.12-0.2 b. The cavitation sound 

level peak 2 if σ range is 0.05-0.3. 

The value of бc for different turbines may be determined with the help of 

following relationships:  

 

 

For Francis turbine:   
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For Kaplan turbine:       
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Figure.2.5 Kaplan turbine cavitation diagram [1] 

 

 
 
 
 
 
2.4 Typical places of cavitation on Kaplan blades   
2.4.1 Inlet edge cavitation.  

This has a glassy surface near the inlet edge but shows severe Turbulence 

downstream. This occurs when operating with large attack angle. It may arise 

on the suction side of the blade (at small speed values) and on the pressure side 

(at large speed values). This may cause damage where the bubbles collapse. 

2.4.2 Blade cavitation.  

This appears on the blade surface far from the inlet edge. No glassy 

surface is seen but large bubbles form and burst apart. This may also cause 

damage of the blade. 

2.4.3 Tip clearance cavitation.  



A row of small bubbles are seen along the tip clearance. These are formed 

mainly in the vortex cores at the tip clearance (see the detail in Figure.2.6). The 

row of traveling individual bubbles seems to cause no damage. The clearance 

cavitation may grow however to a bubble cloud, which may be dangerous. 

For open runners (without shroud) clearance cavitation cannot be avoided if 

working in the usual operating range. Cavitation damage seen frequently after a 

few years operation on axial-flow turbine blades is due mainly to clearance 

cavitation. The bubbles collapsing downstream of the blades does not damage 

the blade but they attack the casing. 

 

2.4.4 Hub clearance cavitation.  

This appears downstream of the clearance between the blade and the hub. 

Though the area attacked by the collapsing bubbles is small, cavitation pitting 

and damage is frequently seen on Kaplan blades and on the hub due to this 

source of cavitation. 

 

 

 

 

 

 
Figure.2.6 Typical places on a Kaplan blade where cavitation occurs[1] 

 

2.5The detrimental effects of the cavitation are:- 
• Change in efficiency 



• Damage 

• Noise 

• Vibrations 

2.5.1 Efficiency variation:- 

 Due to cavitation is seen from the suction curves of the model turbines.  

These are well described. Conducting the tests with decreasing σ value, 

sometimes the efficiency first somewhat increases, which is followed by a 

gradual fall till breakdown occurs. 

Efficiency variation can be caused by any type of cavitation listed above, but 

only in such conditions when an appreciable amount of bubbles is present in the 

flow which is able to modify the nature of the flow.  

There are published some scale effects which somewhat modify this equality, 

but these are small. It is advised to use some safety margin when the allowable 

cavitation number is determined.  

2.5.2Cavitation damage:- 
 Due to cavitation has been studied for more than hundred years, and it is 

still not well understood yet. The difficulty is in the very small dimension of the 

collapsing bubbles. At the last stage of the collapse high pressure appears in the 

bubble creating a shock wave attacking the nearby wall. Special tests show that 

individual collapses can cause some small crevices on the wall, called as pitting. 

After some time, the pitting from the millions of the bubbles causes large 

crevices. The loss of the blade material may be considerable. Computation of 

bubble collapse showed large temperatures in the last stage. 

Luminescence observed at cavitating regions may perhaps be associated with 

such high temperatures. Anyway cavitation damage is a fact. Even blades made 

of high strength steel are damaged usually after a few years of operation. 

They are repaired by welding. In extra cases serious damage occurs after a few 

weeks. The best cavitation resistant material is a steel alloy with chromium 

content about 14 %, and nickel about 4 %. 

2.5.3Noise:  



Due to cavitation is normally not disturbing. It can however be used to 

detect the presence of the cavitation.  

Fig 2.4a Model test of a Kaplan model, completed with noise measurement 

Fig2.4b. Shows that the Francis model test started at σ = 0.7 when no signs of 

cavitation was observed. The first bubbles were seen at σ = 0.54 at the runner 

hub. A microphone placed outside of the draft tube showed increasing sound 

pressure level (measured at a constant frequency f = 15 kHz) already at σ = 0.6. 

This means that cavitation was present in the range σ = 0.54 – 0.6, but the 

bubbles were so small that visually were not observable. The appearance of the 

cavitation is called cavitation inception. In this case the incipient cavitation 

number is: σ incipient = 0.6. With decreasing σ the sound pressure level 

increased, but after a maximum it begun to decrease at about σ = 0.33. Runner 

vane cavitation was first seen at a much smaller value, at σ = 0.12. This means 

that above this sigma value the increasing-decreasing sound level curve was 

caused by the cavitation, which developed in the center of the draft tube. The 

sound level begun to increase again at σ = 0.2. 

This is be attributed to runner cavitation what was present also in the range σ = 

0.2 – 0.12, but the bubbles were so small on the runner vanes that visually were 

not seen. The runner vane cavitation caused a second peak on the sound level 

curve at σ = 0.05. In the measured operating parameters a slight change is seen 

in n and Q beginning at σ = 0.3, due to runner vane cavitation. The marked 

variation of η begun at σ = 0.15. Thus sound level measurement completes 

visual observations (enabling to determine more correct incipient cavitation 

numbers). its best efficiency point. 

2.5.4Vibrations:- 
  Can also be caused by cavitation When a large amount of bubbles is 

present in the machine, then this bubble cloud can expand or can be 

compressed. This can interact with other bubble clouds in the machine or an 

oscillation can take place along the draft tube being the atmospheric air the 

other end. Vibrations can also occur in the case of resonance, when the natural 

frequencies of some parts of the machine are near to each other. 



 It is well known that Francis turbines are subjected to serious vibrations at part-

load operation, so that these operating conditions must be excluded from the 

allowed operating range. These vibrations occur when a spiral-form vortex 

cavity is observed in the draft tube. 

These vibrations are attributed to the cavitation. This is however an erroneous 

belief. The experimental fact is that the model turbines operating at a very large 

σ value, without cavitation, vibrate seriously at part load. The spiraling flow is 

also present in the draft tube, but without cavitation in the vortex core. At low σ 

values the cavitation only visualizes the vortex core. The reason of the 

vibrations is not the cavitation but the spiraling flow.  

There is no general agreement on the origin of the spiraling flow. Some basic 

properties are however known. They occur only when operating away from the 

best efficiency point. In summing up, the efficiency loss due to cavitation can 

be avoided by the model tests, and the operating conditions causing serious 

vibrations can also be recognized. Safe measures against cavitation damage are 

not known. Therefore in the industrial practice turbine suppliers are forced to 

give guarantees against the material loss due to cavitation.  

This is based on the accumulated experience of the turbine maker. Though this 

gives comfort to the buyer, one should keep in mind that a material damage 

larger than the guarantee may occur. 

The place of the damage is known. Comparing this to the model visual 

observations, the corresponding values can be determined. Then a number of  
2. 6 Actions to avoid cavitation damage:- 

Every hydropower plant needs a unique maintenance program what may 

differ from that of the others. 

Each piece of the plant should be inspected regularly. 

Cavitation cannot be avoided in hydraulic turbines. 

 Therefore repair is concentrated mainly to cavitation damage.  

2.6.1 Repair 
A repair program for cavitation is:- 

• Inspection 



• Identify the cause of the pitting 
• Plan best approach to repairs 
• Perform repairs 

For new turbines the first inspection may be made after the 1500 hours, 

then at 4000 and 8000 hours of operation. For units of minimum damage these 

are followed every 24000 hours of operation or every 4 years whichever is less. 

For units with considerable damage the maintenance program should be 

adjusted to the damage. 

Inspection of cavitation damage, besides the runner, should be extended to the 

draft tube area below the runner, and the stay vane/wicket gate area in the spiral. 

The cause of cavitation damage can be identified using the sketches from the 

model tests. 

Surface irregularities can also cause cavitation, for example in the vortex row 

Downstream of a small protuberance. Then a smooth streamlined shape of the 

surface may be produced by grinding. 

If all the runner blades show similar cavitation symptoms, then modification of 

the blades can also be considered. For example leading edge or trailing edge 

modification can be made but consulted with the designer beforehand. 

Excessive damage due to tip clearance cavitation can be reduced by adding 

anticavitation fins to the blades. 

The usual repair is, however, welding with a good cavitation resistant 

material. In large turbines make the repair by welding only in areas where 

cavitation damage is 3 mm or deeper.  It should be remembered however that 

after a long initial period (so called 

Incubation period), due to cavitation the surface becomes rough and 

hollows are formed in the material. In reaching this state, cavitation is 

accelerated. Therefore, in such situation inspect the machine more frequently. 

For the repair of carbon steel items, even with light damage, use stainless steel 

weld material. Remove the irregularities caused by cavitation until a clear 

undamaged surface is seen. 

Use at least two weld passes. Adjust the shape of the surface by grinding. 

After this repair the surface will bear cavitation attack for a much longer time. 



Stainless steel should be repaired with a compatible weld. 

2.6.2 Overhaul 
Inspection of the places where wear can occur may be made during every 

repair.  Normally a major overhaul is needed after 25 years of operation. 

2.6.3 Packing box and shaft sleeve 
Many times the packing box will be severely corroded. If the metal loss is 

significant in the packing box bore, the packing will have to be compressed in 

order to fill the bore. 

This will lead to shortened packing life and excessive wear of the shaft 

packing sleeve. If the packing box is still structurally sound, the interior bore of 

the box can be built up with a properly applied epoxy coating. If the corrosion 

has reached the point that the box has been weakened significantly, some other 

method of repair or complete replacement may be required. Once the surfaces 

have been repaired, the packing box should be painted. 

The turbine shaft packing sleeve is usually constructed in two pieces so 

that it can be replaced when worn. In some cases, the sleeve can be built up by 

welding and machined back to the drawing dimensions. Welding on the packing 

sleeve must be accomplished with a minimum amount of heat input to prevent 

inducing stress and distorting the sleeve. 

  Another alternative is to flame spray the sleeve with a wear-resistant 

material and machine it back to original dimensions. The coating used in flame 

spraying must be chosen carefully and the proper procedure followed to ensure 

proper bonding to the parent material. 

2.6.4 Alignment of shafts 
After the parts of the turbine have been renewed, mounting starts. The 

most difficult operation is the alignment of the vertical shafts of large hydro 

units. This is described in details in the manuals. First the design of the unit 

must be studied. 

Small turbines may have their own guide and thrust bearings (like large 

pumps), and so have the generators as well. In this case the shaft coupling must 

be of an elastic type, which allows a small misalignment during operation. In 

this case the coupling is to be aligned as accurately as possible. 



Long shafts (or shafts coupled by rigid couplings) may have three guide 

bearings. The misalignment of these guide bearings results in bending the shaft. 

This may not be allowed for. Therefore even more accurate alignment is 

necessary. Normally, vertical shaft hydro units are designed nowadays so that 

the turbine shaft is joined to the generator shaft by a rigid coupling. The two 

parts can be considered as one shaft. The unit may have two guide bearings and 

one thrust bearing. 

 
 
2.6.5 Field balancing 

After the shaft has been erected and the motor is turn on, the unit may run 

with some vibrations. The vibrations are measured near the guide bearings. 

Sometimes the root mean square of the vibration velocity is measured. Whether 

a value may be allowed or not, depends on the construction of the machine and 

many other factors. 

After a repair of the runner, comparing to the pre shutdown vibration values, at 

least these should be achieved. Thus, after repair of the rotor a field balancing of 

the unit may be required. 

Balancing sorts out one the most common vibration source, the unbalance of the 

rotor. Field balancing is a tedious work, takes time, needs access to the runner, 

and the unit outage may be costly. Therefore prior to field balancing it is 

advised to check the possibility of the other vibration sources: 

•Bolted connections in the rotating parts should be checked for tightness. 

• Check the alignment of the rotor 

• Check the bearing positions 

• Check bolt tightness at the fixation to the concrete 

• Examine the foundation for rigidity 

• Check the air gaps in the generator or exciter 

• Short-circuited windings may be in the rotor 

• The rotor may be not symmetrical enough 

• Measure the pressure variation at the outer surfaces of a Francis runner. 

Pressure fluctuations may be generated there. 



• Obstructions are perhaps in the spiral case 

• Debris may be found between vanes or blades 

• The runner position may be incorrect relative to the distributor. 

2.6.6 Causes of refurbishment 
An overhaul is due to a turbine after 25 or 30 years of operation. In the 

overhaul the original conditions of the machine are restored. 

During an overhaul a refurbishment is made if the capabilities of the machine 

are extended. There may be several reasons to do this. 

• The technical progress in the efficiency. From 1970 to 2000 the peak 

Efficiencies of hydraulic turbines increased by about 2, 5 % worldwide. We 

may assume that also the average efficiency increased by nearly the same 

amount. Thus exchanging the runner of a turbine after 30 or 60 years of 

operation may be economical. 

•Technical progress in the auxiliary machinery. The regulators, the governing, 

Monitoring and safety equipment developed in the past decades. Exchanging 

Those to modern ones (say to computer regulation) may result in more safe, 

Automatic and more economical operation. 

• The price of electricity increased in the past decades. Therefore the optimum 

of the main operating parameters of the plant has also changed. In many cases 

Increased plant discharge is desired. This may be done using a new runner. In 

Most cases also the casing is modified. The increased output has consequences 

in the electric equipment as well. 

• The role of the plant in the electric system may also change. For example the 

Plant used for generating basic load may be changed for supplying peak load. 

This involves changes in the governing system. 

In a refurbishment, if increased output is required, the feasibility study can 

follow the calculations of the yearly energy production as for a new plant. The 

costs and incomes may be compared. Whether the planned change is feasible or 

not may be assessed in this study. 

If the refurbishment includes modifications of hydraulic parts, then model tests 

are needed. 



 
 
2.7 Actions to be done in the case of excessive cavitation damage:- 

First the operating conditions in which the damage occurs should be 

identified. 

• If these points are less important, then these can be disclosed from the allowed 

operating range. 

 Thus the operation in the dangerous region will be forbidden. 

• In case of a double regulated machine the regulation can be changed.  

This means that the machine will not operate on the cam curve, but on one of 

the propeller curves.  

The direction of this change can be determined from the measured noise level 

curves of the model. 

 There is experimental evidence that decreasing noise level indicates decreasing 

damage. 

• Air entrainment may also help. The air should be allowed to the vicinity of the 

damaged region. This somehow softens the damaging attack of the cavitation. 

• There are efforts to use cavitation resistant coatings. Experience indicated that 

in case of severe cavitation each coatings pile off. 

• In the case of tip clearance cavitation, changing the clearance geometry can 

also help. There are patents which promise less cavitation damage. 

• The manufacturer may change the runner material if there exists a better one 

than the original. 

• Using suitable welding material may lengthen the time between repairs. 

• The ultimate help is making a new runner design, usually with longer blades, 

which may have smaller damage. 

The vibrations of a prototype, due to any reason, may exceed some agreed 

limits. In this case balancing of the rotor is the first idea. If this does not help, 

then changing the natural frequencies of some parts of the structure is the 

second one. 

To avoid part-load oscillations of turbines sometimes air entrainment is 

made through the hub to the center of the daft tube cone. As a result, the 



diameter of the cavitating funnel will increase (which contains air besides 

vapor), and having enough air entrained, the flow character changes, it becomes 

symmetrical, and the spiraling flow is not observed any more. 

This means that the vibrations are suppressed by the air entrainment. 

 

2.7.1The welding procedure can be made in the following steps:- 
• Use brackets or braces to avoid deformations 

• Prepare the surface as usual for welding 

• Preheat the area 

• Make welding (fans around) 

• Grind to contour 

• Inspect the weld, and clear the surface. 

Remember that stainless steel is susceptible to rapid corrosion if it had been 

Contaminated with carbon from grinding or the weld spatter.  

The corrosion resistance of the stainless steel surface can be restored by 

passivating the surface (using chemicals). 

2.7.2Blades coating 
In new deliveries carbon steel surfaces are painted with red lead priming 

paint and with at least two layers and good quality paint. These paints protect 

the piece from corrosion and light cavitation. Some chemical suppliers offer 

coatings with epoxies or ceramic metals to be used on the damaged area. These 

are of little use against severe cavitation. 

New stainless steel runners are delivered usually without a paint to 

capitalize on the good quality of the material. However their surfaces have to be 

protected against contamination (use closed spaces during transport). 

 

 
CCHHAAPPTTEERR  IIIIII  

  SSttuuddyy  aanndd  AAnnaallyyssiiss  ooff  CCaavviittaattiioonn  iinn  rroosseeiirreess    

PPoowweerr  ssttaattiioonn  



 
 Under the joint action and mutual promotion of cavitation and sand erosion, 

serious abrasion could be made, the hydraulic performance of the Kaplan 

turbine may be descended, and the safety and stability of turbine are greatly 

threatened. In this research, a description of the general features of cavitation 

phenomenon is given and also discussed about the Cavitation index. Based on 

the literature survey various aspects related to cavitation in hydro Turbines have 

been discussed.  

Therefore, it is very important and significant to investigate the cavitation 

characteristic of Kaplan turbine under sediment flow condition. 

The runner blades were subjected to the following problems:- 

 Serious abrasion could be made. 

 The hydraulic performance of the Kaplan turbine may be descended. 

 The safety and stability of turbine are greatly threatened.  

33..11  CCaavviittaattiioonn''ss  ppeerriiooddss    

TThhee  ssttuuddyy  ooff  ccaavviittaattiioonn  iinn  KKaappllaann  ttuurrbbiinneess  iinn  rroosseeiirreess  ppoowweerr  ssttaattiioonn  dduurriinngg  tthhrreeee  

ppeerriiooddss  aass  ffoolllloowwss::  

33..11..11  FFlloooodd  ppeerriioodd  

EEvveerryy  uunniitt  wwaass  ssuubbjjeecctt  ttoo  bbee  ooppeerraattiinngg  wwiitthh  iinn  ccaavviittaattiioonn  zzoonnee  ffoorr  ddiiffffeerreenntt  

ppeerriiooddss  ((4400  mmiinn//ddaayy  aapppprrooxx......))AAss  iinn  sshhoowwnn  iinn  ttaabblleess  33..11..11..AA&&33..11..11..BB    

  

  

  

  

33..11..11..  AA  bbeeffoorree  hheeiigghhtteenniinngg  

AAvveerraaggee  ttiimmee  rraakkiinngg  ((0011  ooff  AAuugguusstt  ----------  3300  ooff  SSeepptteemmbbeerr  22001122))  

TTaabbllee  33..11  ..11..AA  ttiimmee  ssuubbjjeecctteedd  ttoo  ccaavviittaattiioonn  bbeeffoorree  hheeiigghhtteenniinngg  

UUnniitt  NNoo..  TToottaall  ttiimmee  ooff  rraakkiinngg  ((mmiinn))  RRaakkiinngg  llooaadd  ((MMWW))    

11  224400  55  

22  884400  55  



33  333300  55  

44  224400  55  

55  1400  44  

66  950  00  

77  1100  00  

  

33..11..11..  BB  AAfftteerr  hheeiigghhtteenniinngg  

AAvveerraaggee  ttiimmee  rraakkiinngg  ((0011  ooff  JJuullyy  ----------  3311  ooff  AAuugguusstt  22001144))  

  

TTaabbllee  33..11..11..  BB  ttiimmee  ssuubbjjeecctteedd  ttoo  ccaavviittaattiioonn  aafftteerr  hheeiigghhtteenniinngg  

UUnniitt  NNoo..  TToottaall  ttiimmee  ooff  rraakkiinngg  ((mmiinn))  RRaakkiinngg  llooaadd  ((MMWW))    

11  334400  1100  

22  445500  1100  

33  333300  1100  

44  335500  1100  

55  250  88  

66  140  00  

77  0  00  

AAtt  lleeaasstt  ttoo  cclleeaann  tthhee  iinnttaakkee  bbyy  ttrraasshh  ––  rraakkee  ((44  ttiimmeess  ddaaiillyy))  aanndd  tthhiiss  iiss  oonnllyy  

ppoossssiibbllee  wwhheenn  MM//CC  oouuttppuutt  55--1100  MMWW  oorr  MM//CC  ssppiinnnniinngg,,  dduuee  ttoo  tthhee  hhiigghh  wwaatteerr  

ccuurrrreenntt  aatt  tthhee  ttuurrbbiinnee  iinnttaakkee  ..  IIff  tthhee  ccrriittiiccaall  ttiimmee  dduurriinngg  fflloooodd  sseeaassoonn  iiss  6600  ddaayyss..  

SSoo  tthhee  ttoottaall  ttiimmee  tthhaatt  MM//CC  ooppeerraattee  uunnddeerr  ccaavviittaattiioonn  zzoonnee  ==  4400××6600//6600  ==  4400  hhoouurrss..  

TThhiiss  ttiimmee  iiss  oonnllyy  ttrraasshh  ––  rraacckkiinngg  ,,  iinn  aaddddiittiioonn  ttoo  tthhaatt  ,,  tthhee  pprreessssuurree  ddrroopp  aa  ccrroossss  

ssccrreeeenn  dduuee  ttoo  bblloocckkaaggee  aallssoo  iinnccrreeaassee  ppoossssiibbiilliittyy  ooff  ccaavviittaattiioonn  bbeeccaauussee  ssoommee  ttiimmee  

tthhee  mmaaxxiimmuumm  oouutt  ppoowweerr  iiss  lleessss  tthhaann    1100  MMWW  wwhhiicchh  lleeaadd  ttoo  ccrreeaatteess  bbuubbbblleess  

rroouunndd  rruunnnneerr  bbllaaddeess  ..    

33..11..22  WWaatteerr  rreessttrriiccttiioonn  ppeerriioodd    

TThhiiss  ppeerriioodd  bbeeggiinn  ffrroomm  JJaannuuaarryy  uupp  ttoo  eenndd  ooff  MMaayy..  TThhee  nneett  hheeaadd  dduurriinngg  tthhiiss  

PPeerriioodd  iinn  bbeettwweeeenn  2255mm  ttoo  3333  mm  aaccccoorrddiinngg  ttoo  mmeennttiioonneedd  hheeaadd  tthhee  mmiinniimmuumm  

ccaavviittaattiioonn  lliimmiittss  vvaarriieess  bbeettwweeeenn  aa  llooaadd  ooff  1111  MMWW  aanndd  1133  MMWW  rreessppeeccttiivveellyy,,  

dduurriinngg  tthhiiss  ppeerriioodd  tthhee  ppllaanntt  ooppeerraatteess  ddaaiillyy  ffrroomm  eeaarrllyy  mmoorrnniinngg  hhoouurrss  uunnttiill  tthhee  



ppeeaakk  hhoouurrss  iinn  mmiinniimmuumm  llooaadd,,  ssoommeettiimmeess  rreeaacchh  2266  MMWW  oonn  ttwwoo  uunniittss  

((1133MMWW//uunniitt)),,  ssoo  tthheessee  uunniittss  wweerree  ooppeerraatteedd  wwiitthhiinn  ccaavviittaattiioonn  zzoonnee  oorr  cclloossee  ttoo  

ccaavviittaattiioonn  lliimmiitt..    

33..11..33  BBllaacckkoouutt  ppeerriioodd  

BBeessiiddee  aabboovvee  mmeennttiioonneedd  ppeerriiooddss,,  aallssoo  tthhee  bbllaacckkoouutt  iinnccrreeaassee  ppoossssiibbllyy  ooff  

ooppeerraattiioonn  wwiitthhiinn  ccaavviittaattiioonn  zzoonnee,,  bbeeccaauussee  tthhee  lliinnee  wwaass  eenneerrggiizzeedd  wwiitthh  ttwwoo  uunniittss  

oonn  llooaaddss  lleessss  tthhaann  ccaavviittaattiioonn  lliimmiitt  ((aatt  lleeaasstt  1155  mmiinn..  //bbllaacckkoouutt))..  

33..22  CCaavviittaattiioonn  ffeeaattuurreess    

TThhee  mmaaiinn  ccaavviittaattiioonn  ffeeaattuurreess  ooff  RRoosseeiirreess  ppoowweerr  ppllaanntt  aarree  ccoommppiilleedd  aanndd  

oorrggaanniizzeedd  aass  ffoolllloowwss::  

33..22..11  AArreeaass  ssuubbjjeecctteedd  ttoo  ccaavviittaattiioonn  

Areas subjected to cavitation in machine runner chamber are shown in 

Figure.3.1 are:- 

1. Runner hub  

2. Blade roots 

3. Blade tip 

  
FFiigguurree  33..11  CCaavviittaattiioonn  aarreeaass  iinn  mmaacchhiinnee  rruunnnneerr  cchhaammbbeerr  [[88]]  

33..22..22  CCaavviittaattiioonn  pprroobblleemm  



RRoossiieerreess  ppoowweerr  ppllaanntt  ssuuffffeerrss  ffrroomm  ccaavviittaattiioonn,,  aabbrraassiioonn  aanndd  eerroossiioonn  pphheennoommeennaa  

eexxaaccttllyy  dduurriinngg  fflloooodd  sseeaassoonn..  TThhee  rraattee  ooff  eerroossiioonn,,  aabbrraassiioonn  bbyy  ssoolliidd  ppaarrttiicclleess  

((ddeebbrriiss  aanndd  ssaanndd))  aanndd  ppiittttiinngg  bbyy  ccaavviittaattiioonn  iiss  vveerryy  hhiigghh..  TThhiiss  pprroobblleemm  ddeetteecctteedd  

dduurriinngg  aannnnuuaall  mmaaiinntteennaannccee  aanndd  tthhiiss  lleeaadd  ttoo  llooww  rreelliiaabbiilliittyy  aanndd  ootthheerr  pprroobblleemmss..  

  

                              FFiigguurree  33..22  PPeerrffoorrmmaannccee  ccuurrvvee  ooff  ccaavviittaattiioonn  zzoonnee  [[11]]  



  

33..22..33  CCaavviittaattiioonn  lliimmiittss  

AAss  iinn  tthhee  ppeerrffoorrmmaannccee  ccuurrvveess  aass  sshhoowwnn  iinn  FFiigguurree  33..22  tthheerree  aarree  ttwwoo  ccaavviittaattiioonn  

lliimmiittss::--    

11..  UUppppeerr  ccaavviittaattiioonn  lliimmiitt::  tthhiiss  lliimmiitt  iiss  rreellaatteedd  ttoo::--    

  oouuttppuutt  ppoowweerr    

  hheeaadd  

  ttaaiill  wwaatteerr  lleevveell    

SSiinnccee  tthhee  rreeffeerreenncceess  oouuttppuutt  ppoowweerr  aaccccoorrddiinngg  ttoo  aa  ddeessiirree  hheeaadd  iiss  aallwwaayyss  bbeellooww  

tthhee  uuppppeerr  ccaavviittaattiioonn  lliimmiitt,,  tthhee  ppoowweerr  ppllaanntt  aallwwaayyss  ooppeerraatteedd  oouutt  ooff  uuppppeerr  

ccaavviittaattiioonn  zzoonnee..    

22..  LLoowweerr  ccaavviittaattiioonn  lliimmiitt::  tthhiiss  lliimmiitt  iiss  rreellaatteedd  ttoo::--    

  oouuttppuutt  ppoowweerr    

  hheeaadd    

TThhiiss  lliimmiitt  iiss  lliinneeaarr  rreellaattiioonn  ((tthhee  oouuttppuutt  ppoowweerr  ccaavviittaattiioonn  lliimmiitt  iinnccrreeaassee  aass  nneett  

hheeaadd))..  MMaaiinnllyy  tthhee  ppllaanntt  uunniittss  aarree  aaffffeecctteedd  bbyy  tthhiiss  lliimmiitt,,  ssiinnccee  mmoosstt  ttiimmee  uunniittss  

aarree  ooppeerraatteedd  wwiitthhiinn  ccaavviittaattiioonn  zzoonnee  eexxaaccttllyy  dduurriinngg  tthhee  mmeennttiioonnaabbllee  ppeerriiooddss..  

33..33  CCaallccuullaattiioonn  ooff  ccaavviittaattiioonn  iinnddeexx    

CCaavviittaattiioonn  iinnddeexx  iiss  iimmppoorrttaanntt  ffaaccttoorr  ttoo  aannaallyyssiiss  aanndd  eevvaalluuaattee  tthhee  ccaavviittaattiioonn  

pphheennoommeennaa  dduurriinngg  tthhee  fflloooodd,,  wwaatteerr  rreessttrriiccttiioonn  aanndd  bbllaacckkoouutt  ppeerriiooddss..  TThhee  iinnddeexx  

iiss  ffuunnccttiioonn  ooff  mmaannyy  vvaarriiaabblleess  ssuucchh  aass  ddeennssiittyy,,  hheeaaddss,,  aanndd  ddiisscchhaarrggee,,  FFiigguurree  33..33  

bbeellooww  sshhoowwss  tthhee  ttuurrbbiinnee  hheeaaddss  aanndd  lleevveellss..  

..    



  
FFiigguurree  33..33  ttuurrbbiinnee  hheeaaddss  aanndd  lleevveellss  [[1100]]  

  

CCaavviittaattiioonn  iinnddeexx  ccaann  bbee  ccaallccuullaatteedd  bbyy  uussiinngg  tthhee  ffoolllloowwiinngg  eeqquuaattiioonnss::  

11..  BBeerrnnoouullllii  eeqquuaattiioonn::  
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TTaabbllee  33..22  RRoosseeiirreess  tteecchhnniiccaall  ddaattaa 
Maximum upstream level before dam heightening  481.0 m 

Maximum upstream level after dam heightening 491.0 m 
Flood operational level 467.00 m 

Maximum downstream level 455.5 m 

Minimum downstream level 440 m 
Unit Installed capacity 40 MW 

Total Installed capacity 280 MW 

Maximum head 48.00 m 
Rating head 33.00 m 

Minimum head 17.00 m 

Runner diameter 4.5m 

Penstock external diameter  6.05 m 

Penstock internal diameter 5.8 m 

Runner clearance  3.5 – 5 mm 
Runner blades level   438.165 m 

  

  

  

  

  

33..33..11BBeeffoorree  ddaamm  hheeiigghhtteenniinngg  

33..33..11..11  CCaavviittaattiioonn  iinnddeexx  ooff  fflloooodd  ppeerriioodd    
  



  
FFiigguurree  33..44..AA  uunniittss  iinnttaakkee  ggaattee  [[88]]  

  
FFiigguurree  33..44..BB  RRoosseeiirreess  ttoottaall  ppoossssiibbllee  llooaadd  [[88]]  

  

  



FFiigguurree  33..44..CC  uunniitt  22  iinnttaakkee  ssyysstteemm  [[88]]  
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CCHHAAPPTTEERR  IIVV  

  RReessuullttss  aanndd  DDiissccuussssiioonn  
 

4.1 Results 

44..11..11  bbeeffoorree  ddaamm  hheeiigghhtteenniinngg  
Variables that affect the cavitation before dam heightening are shown in table 

4.1.1(A), and the calculated parameters affect the cavitation is shown in table 

4.1.1(B). 

 

Table 4.1.1(A): Variables affect cavitation before dam heightening  

period P(bar) Q(m3/s) Patm(bar) hgross(m) hnet(m) hf(m) 

Flood season 1.90 67.6 1.013 24.1 18.38 2.72 

Water restriction 2.50 39.00 1.013 28.65 24.20 4.45 

blackout 2.30 45.00 1.013 30.40 26.20 4.20 

 

 

Table 4.1.1(B): Calculated parameters affect cavitation before dam heightening 

period A(m2) V(m/s) Pmin(bar) ρ(m3/kg) б(-) бC(-) Ns(-) 

Flood season 11 3.42 0.72 1028 0.41 0.52 517 

Water restriction 11 41 0.49 1000 0.42 0.61 602 

blackout 11 4.08 0.52 1000 0.37 0.39 352 

 

  

  



  

44..11..22AAfftteerr  ddaamm  hheeiigghhtteenniinngg  

  
Table 4.1.2(A) variables affect cavitation after dam heightening 

period P(bar) Q(m3/s) Patm(bar) hgross(m) hnet(m) hf(m) 

Flood season 2.1 91.8 1.013 23.80 21.50 2.30 

Water restriction 3.5 57 1.013 29.90 27.25 5.50 

blackout 3.8 42 1.013 38.81 37.00 1.81 

 

 

Table 4.1.2(B): Calculated parameters affect cavitation after dam heightening 

period A(m2) V(m/s) Pmin(bar) ρ(m3/kg) б(-) бC(-) Ns(-) 

Flood season 11 8.36 0.70 1028 0.51 0.56 553 

Water restriction 11 5.2 0.33 1000 0.59 0.63 617 

blackout 11 3.82 0.488 1000 0.33 0.34 250 

4.2 Discussion  
The cavitation sound levels are: 

1. The cavitation sound level peak 1 range (0.12-0.2) 

2. The cavitation sound level peak 2 range (0.05-0.3) 

From tables 4.1.1 (A and B) and tables 4.1.2 (A and B) the following 

comparisons and observations are listed below: 

1. Cavitation occurred during the three periods because the cavitation  

    Periods (0.41<0.52, 0.42<0.61, 0.37<0.39,) before dam heightening   

    And (0.51<0.56, 0.59<0.63, 0.33<0.34,) after dam heightening. 

2. The maximum discharge at flood season and minimum at blackout. 

3. before heightening the maximum velocity   in water restriction while 

     The minimum in flood season, after heightening the maximum   

     Velocity in flood season whiles the minimum in blackout. 

4. The maximum minimum pressure in flood season while the minimum 

     Pressure in water restriction period. 



          5. The maximum density in flood season while the minimum is at black   

    Out and water restriction. 

  6. Before and after dam heightening the maximum cavitation index in 

      Water restriction period while the minimum at the blackout period.         

          7. Cavitation effect after dam heightening is less than that before dam        

      Heightening due to additional available head. 

 

 

 

 

                         
CHAPTER V 

 

 Conclusion and Recommendations 
 
 

5.1 Conclusion 
  
Cavitation is a phenomenon of formation of vapor bubbles in low pressure 

regions and collapse in high pressure regions, high pressure is produced and 

metallic surfaces are subjected to high local stresses. Cavitation can present 

different forms in hydraulic turbines depending on the machine design and the 

operating condition. As a result, high vibration levels, instabilities and erosion 

can occur this affect the machine operation and cause damage. It is difficult to 

avoid cavitation completely in hydraulic turbines but can be reduced to 

economic acceptable level; this is done by loading unit out of cavitation zone. 

Cavitation during three period was studied (flood season, water restriction and 

black out) before and after dam heightening. 

Cavitation index, critical cavitation index and related parameters as specific 

speed and minimum outlet pressure were calculated. 

The results of the calculations indicated that the Cavitation occurred during the 

three periods since the cavitation index of all periods is less than the critical 

cavitation index before and after dam heightening. 



Comparison of cavitation index during three periods is done and it was   found 

that before and after dam heightening the maximum cavitation index in Water 

restriction period while the minimum at the blackout period.    

Also it found that Cavitation effect after dam heightening is less than that before 

dam heightening due to additional available head. 

      

       

 
5.2 Recommendations 
5.2.1 For minimize cavitation on Roseires turbines 
         It is impossible to avoid cavitation completely in practices, but it is 

possible to reduce cavitation effect to minimum condition by loading unit out of 

cavitation zone, hence the following points are recommended to avoid 

cavitation zone:  
1. Cavitation while operating Hydraulic Turbines parameters should be set such 

that at any point of flow static pressure may not fall below the vapor pressure of 

the liquid. These parameters to control cavitation are pressure head, flow rate 

and exit pressure of the liquid.  

2. New trash – racking machines or modify the exist ones to be reliable to clean 

on load above cavitation zone.  

3. Suitable arrangement during water restriction period to load the operating 

units above cavitation zones.  

4. Continuous cleaning of screen to avoid pressure drop across screen.  

5. Apply new blackout start procedure to energize the line by one unit and this 

unit must be quick load to pass cavitation zone.  

6. A quick action must be done by K.L.D.C and plant shift engineer to stop M/C 

running within cavitation zone if no possibility to pass cavitation zone.  

7. Fix cavitation tip to the runner blades 

5.2.2 for research extension   
This research can be further extended to include the following: 

1. The hardness of blades can be tested 

2. The densities of water in three periods can be accurately measured 



3. A simulation of cavitation phenomena can done 
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APPENDEX 1 
 

A.1 Material common failure 

A.1.1 Failure Analysis Investigation 

Failure of a component indicates it has become completely or partially 
unusable or has deteriorated to the point that it is undependable or unsafe for 
normal sustained service.  

A.1.2 Typical Root Cause Failure Mechanisms 

   Fatigue failures  
   Corrosion failures  
   Stress corrosion cracking  
   Ductile and brittle fractures  
   Hydrogen embrittlement  
   Liquid metal embrittlement  
   Creep and stress rupture  

It is possible for fracture to be a result of multiple failure mechanisms or root 
causes.  A failure analysis can provide the information to identify the 
appropriate root cause of the failure.  

A.1.3 Common Causes of Failure  

  Misuse or Abuse  
  Assembly errors  
  Manufacturing defects  
  Improper maintenance  
  Fastener failure  
  Design errors  
  Improper material  
  Improper heat treatments  
  Unforeseen operating conditions  
  Inadequate quality assurance  
  Inadequate environmental protection/control  
  Casting discontinuities 

 
 
 



 

A.1.4 Failure Analysis applications  

 boiler and pressure vessels  
 Aircraft /Aerospace   
 Gas turbine engine components  
 Oil and gas transmission pipelines  
 Food processing equipment  
 Heat exchangers  
 Medical supplies  
 Automotive components  
   Refineries  
   Petrochemical plants  
   Offshore structures  
   Industrial machinery  
   Weldments  
   Ships  

A.2 Common mechanical failure:- 

In many cases of failure the cause is at least partly due to failure to know or 

realize the potential consequences of seemingly safe practices or decisions. In 

many of the cases cited failure occurs at the manufacturing stage, either in 

primary processing, such as injection molding, or in secondary operations. All 

failures can be traced to the design, the material, or processing, assuming 

service conditions are not unusually severe. The interdependence of the three 

main causes of failure is such that often all are contributors. Material and 

processing are particularly strongly linked. The material contribution to failure 

may be in the polymer itself or in an additive. Processing imposes on plastics 

thermal and mechanical stresses that frequently are the most severe a part will 

experience in its entire lifetime. Failure is often due to lack of realization of 

how severe the stresses in processing are and of the effect on the material. 

Examples are given of failures due to part design, mold design, material 

selection and processing. 

A.3 Measurement of Hardness:- 



Hardness is not an intrinsic material property dictated by precise definitions in 

terms of fundamental units of mass, length and time. A hardness property value 

is the result of a defined measurement procedure 

The above relative hardness tests are limited in practical use and do not provide 

accurate numeric data or scales particularly for modern day metals and 

materials. The usual method to achieve a hardness value is to measure the depth 

or area of an indentation left by an indenter of a specific shape, with a specific 

force applied for a specific time. There are three principal standard test methods 

for expressing the relationship between hardness and the size of the impression, 

these being Brinell, Vickers, and Rockwell. For practical and calibration 

reasons, each of these methods is divided into a range of scales, defined by a 

combination of applied load and indenter geometry. 

Hardness Testing Methods: 

Rockwell Hardness Test 
Brinell Hardness Test 
Vickers Hardness Test  
 
A.3.1 Rockwell Hardness Test 
The Rockwell hardness test method consists of indenting the test material with a 

diamond cone or hardened steel ball indenter. The indenter is forced into the test 

material under a preliminary minor load usually 10 kg. When equilibrium has 

been reached, an indicating device, which follows the movements of the 

indenter and so responds to changes in depth of penetration of the indenter, is 

set to a datum position. While the preliminary minor load is still applied an 

additional major load is applied with resulting increase in penetration. When 

equilibrium has again been reach, the additional major load is removed but the 

preliminary minor load is still maintained. Removal of the additional major load 

allows a partial recovery, so reducing the depth of penetration. The permanent 

increase in depth of penetration, resulting from the application and removal of 

the additional major load is used to calculate the Rockwell hardness number.  

A.3.2  Brinell hardness Test 



The Brinell hardness test method consists of indenting the test material with a 

10 mm diameter hardened steel or carbide ball subjected to a load of 3000 kg. 

For softer materials the load can be reduced to 1500 kg or 500 kg to avoid 

excessive indentation. The full load is normally applied for 10 to 15 seconds in 

the case of iron and steel and for at least 30 seconds in the case of other metals. 

The diameter of the indentation left in the test material is measured with a low 

powered microscope. The Brinell harness number is calculated by dividing the 

load applied by the surface area of the indentation.  

The diameter of the impression is the average of two readings at right angles 

and the use of a Brinell hardness number table can simplify the determination of 

the Brinell hardness. A well-structured Brinell hardness number reveals the test 

conditions, and looks like this, "75 HB 10/500/30" which means that a Brinell 

Hardness of 75 was obtained using a 10mm diameter hardened steel with a 500 

kilogram load applied for a period of 30 seconds. On tests of extremely hard 

metals a tungsten carbide ball is substituted for the steel ball. Compared to the 

other hardness test methods, the Brinell ball makes the deepest and widest 

indentation, so the test averages the hardness over a wider amount of material, 

which will more accurately account for multiple grain structures and any 

irregularities in the uniformity of the material. This method is the best for 

achieving the bulk or macro-hardness of a material, particularly those materials 

with heterogeneous structures.  
A3.3 Vickers Hardness Test 
The Vickers hardness test method consists of indenting the test material with a 

diamond indenter, in the form of a right pyramid with a square base and an 

angle of 136 degrees between opposite faces subjected to a load of 1 to 100 kg. 

The full load is normally applied for 10 to 15 seconds. The two diagonals of the 

indentation left in the surface of the material after removal of the load are 

measured using a microscope and their average calculated. The area of the 

sloping surface of the indentation is calculated. The Vickers hardness is the 

quotient obtained by dividing the kg load by the square mm area of indentation.  



When the mean diagonal of the indentation has been determined the Vickers 

hardness may be calculated from the formula, but is more convenient to use 

conversion tables. The Vickers hardness should be reported like 800 HV/10, 

which means a Vickers hardness of 800, was obtained using a 10 kg force. 

Several different loading settings give practically identical hardness numbers on 

uniform material, which is much better than the arbitrary changing of scale with 

the other hardness testing methods. The advantages of the Vickers hardness test 

are that extremely accurate readings can be taken, and just one type of indenter 

is used for all types of metals and surface treatments. Although thoroughly 

adaptable and very precise for testing the softest and hardest of materials, under 

varying loads, the Vickers machine is a floor standing unit that is more 

expensive than the Brinell or Rockwell machines. 

 

 

 



 
Figure A.1 dimension test for runner blades 

 
 
 
 
 



 
 

Table A.1 turbine intake cleaning 

عدد  الزمن المسغرق
 العملیات

 الوحدة الفترة 
31/08/2012الي : 01/08/2012من :   

---- ----   1 
00:20    2 
01:03    3 
01:35    4 
18:51    5 
02:35    6 
08:36    7 

اتعدد العملی الزمن المستغرق  الوحدة الفترة  
30/09/2012الي : 01/09/2012من :   

01:39 ----   1 
06:50    2 
02:46    3 
00:27    4 
02:10    5 
08:50    6 
03:17    7 

 الوحدة الفترة  عدد العملیات الزمن المستغرق
01/07/2014من :  31/08/2014الي :  

02:40 ----   1 
03:24    2 
02:13    3 
02:16    4 
01:45    5 
00:30    6 
00:00    7 

 

 

 

 

 
 
 
 
 
 



 
 

Table A.2 Material densities 

Material Density 
(lb/ft3) (kg/m3) 

Dirt, loose dry 76 1220 
Dirt, loose moist 78 1250 

Clay, dry 100 1600 
Clay, wet 110 1760 

Gravel, dry 105 1680 
Gravel, Wet 125 2000 
Limestone 160 2560 

silt 80 1280 
Mud, flowing 108 1730 
Mud, steady 115 1840 

Rock, well blasted 155 2480 
Sand, dry 97 1555 
Sand, wet 119 1905 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table A.3 Kaplan models 
Group - 0 2 3 5 7 

Max.head m 12 30 30 48 66 

Number of runner blades - 4 4/5 4/5 5/6 7/8 

 
Runner hub                     max. 
Diameter                       min. 

m 0.365 0.434 0.466 0.539 0.579 

m 0.335 0.398 0.434 0.501 0.544 



Guide vane height m 0.44 0.41 0.398 0.36 0.321 

Distributer circle diameter m 1.2 1.2 1.2 1.2 1.2 

Number of guide vanes - 24 24 24 24 24 

Spiral case inlet diameter m - - 1.314 1.239 1.162 

 
 

 



 
Figure A.2 Cavitation numbers of Kaplan models [] 

 

 









































 
Figures.A.3 (1-21) Turbine Depth measurements and cleaning records 

 


