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Abstract: In line with the strategy of global hydro development, small hydro technology is making 
significant contribution to sustainable, clean energy policy. Small hydro is playing an increasingly 
important role in promoting social and economic development, taking into account the fact that 
electricity supply and availability is essential for developing rural areas and for industrial 
growth.Handling of large power generating units and keeping the size of the turbine generator sets are 
economically small that requires higher running speeds, which means greater pressure differences 
between the two sides of the vanes of a runner. These forces also cause vibrations of the stator which 
are transmitted through the frame to any adjoining structure, cavitations due to discharge causes the 
main vibration effects in most of the hydroelectric power plants. Vibration faults in the generator 
subject to stresses beyond its design limits and cause high temperature increase, amplify and distort air 
gap torques, and create unbalanced flux densities. Alternating magnetic forces in the air gap between 
the stator and rotor of the machine are essential for the working of the machine. An air injection setup 
is introduced to control cavitation bubble and for a smooth operation of the turbine Generator sets can 
be achieved.  
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INTRODUCTION 

 
The vibrations are detrimental to the desired running of the machine. Vibration occurs in every machinery 

as a consequence of forces which are generated in such machines. These could be due to a variety of causes, 
such as rotor imbalance, misalignment, faulty bearings or gears, eddy currents, electromagnetic forces etc. These 
forces act through the bearings to move the stationary parts of the machine. At certain frequencies machine 
vibrations also result in the transmission of unwanted tonal noise. In a commercial situation tonal noise is 
undesirable. 

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.Vibrations are induced in 
the hydraulic turbines due to intense pressure fluctuations caused by the growth and collapse of bubbles during 
cavitation this may cause change of flux distribution in the srator fluxes. 

The cavitation process is inherently an unsteady one and may involve large fluctuating forces.  If one of the 
frequency components of these fluctuations matches a natural frequency of a portion of the equipment, vibration 
may result. Cavitation causes blade vibration in hydraulic turbine runners.  The vibration is usually of fairly high 
frequency, ranging from several hundred to several thousand cycles per second.  Another important effect is that 
cavitation can lead to system instability. 

In this chapter first a method is suggested for air injection in a bulb turbine to avoid cavitation, to check its 
performance and reduction in vibration and noise levels. Vibration analysis of machine stability and foundation 
are also made with an experimental setup with specifications as shown in Table 1. 
 
Table 1: Specification for the bulb turbine 

Sl. No. Description of Parameters  Data 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10. 

Rated output 
Rated Discharge 
Rated Head 
Rated Speed 
Over Speed 
Runaway Speed 
Specific Speed  
No. of Guide vanes 
No. of Runner vanes  
Diameter of runner 

15600 kW 
271 m3/s 
6.5 m 
75 rpm 
104 rpm 
205 rpm 
902 
16 
4 
6250 mm 

  
Experiments For Cavitation Prediction: 

Experiments are carried out on the bulb turbine to predict the plant cavitation factor critical cavitation factor 
and cavitation factor at bubble formation.  A correlation has been derived between the specific speed of the 
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turbine and the above variables for the cavitation prediction and for the formation of cavitation bubbles. The 
experiment results are tabulated in  Table 2. 

 
Table 2: Model test results for cavitation factors  

Specific Speed 
(Ns) 

Plant cavitation factor 
Critical cavitation factor Cavitation factor at bubble formation 
By model test report By model test report 

680 0.875 0.95 1.26 
687 1.704 0.95 1.26 
688 0.967 0.95 1.26 
753 0.935 1.00 1.28 
758 2.048 1.00 1.26 
760 1.015 1.00 1.28 
802 1.322 1.43 1.77 
811 1.437 1.43 1.77 
814 1.758 1.43 1.77 
896 1.549 1.69 1.98 
899 2.172 1.69 1.98 
902 1.69 1.69 1.98 
943 1.886 2.08 2.43 
945 2.172 2.08 2.43 
949 2.085 2.08 2.43 

 

Cavitation At Runner Vane Moving Zone: 
The bulb turbine units are used in the run-of-river applications for low head ranges. The runner vanes and 

guide vanes are synchronized to produce the maximum turbine efficiency for a given head and flow conditions 
as shown in Fig.1. The upstream river geometry significantly influences the flow pattern to the turbine intake. 
The improper orientation of the turbine with respect to the direction of flow in the river has resulted in flow 
separation. Water hammer forces are found to act on the guide vane assembly during sudden load rejection and 
adversely affects the turbine performance.  

The cavitation occurs at the discharge ring of the bulb turbines. The discharge ring assembly houses the 
runner vane assembly with runner boss and runner cone. The discharge ring connects the distributor cone 
assembly and draft tube. As the velocity of the water leaving the runner vanes is higher due to high specific 
speed, the water boils inside the discharge ring due to lower vapour pressure of water inside the discharge ring. 
As the growth of bubbles and their collapse take place at a high speed, the damage to the discharge ring is large 
and the damaged metal surface appeared with numerous holes of different diameters varying from 3 - 6 mm 
with depth of penetration from 6 -10 mm. 

Discharge
 ring

Runner
blade

Runner
boss

Runner vane 
Moving 

clearance

 
Fig. 1: Runner vane assembly inside the discharge ring 

 
Low Clearance at Runner Vane Moving Zone: 

The bulb turbine has moving runner vane assembly inside the discharge ring. The erection data in all the 
eight turbines indicate that the runner vane clearances are almost uniform from 3.75mm to 2.25mm. The runner 
vane clearances a compared with the data obtained by solving the curve fitting equation and it has been found 
that the curve fitting equation results are in line with measured values in all the machines. Differences of 
clearances are noticed in all the eight turbines. The top and bottom clearances are increased. But the side 
clearance at Left Hand Side (LHS) and RIGHT Hand Side (RHS) are reduced. The discharge rings have 
deformed almost in all the eight machines with increase in moving clearances of runner vanes at the top and 
bottom and decrease in clearances at left and right sides. The circular shape of the discharge ring has been 
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distorted, buckled and has become elliptical in shape as shown in Fig 2. The detail on the deformation of 
discharge ring is shown in Table .3.  
 
Table 4.3: Data on deformation of discharge ring at various power houses 

Description of Parameters Unit of 
Measurements 

POWER 
HOUSE-1 

POWER 
HOUSE-2 

POWER HOUSE-
3 

POWER 
HOUSE-4 

U1 U2 U1 U2 U1 U2 U1 U2 

Deformation of Discharge 
ring 

mm 4.03 2.10 3.19 3.86 6.14 5.67 0.43 1.45 

Average Deformation for 
5000 hours service 

mm 0.33 0.19 0.32 0.39 0.77 0.71 0.39 0.13 

Circumferential strain (e1)  
X 10-5 

- 5.37 3.04 5.10 6.17 12.28 11.34 0.62 2.10 

Hoops Stress (f1)  MPa 184 179.3 183.4 186.0 200 197.8
6 

173.0 76.58 

Principle Stress (Major) 1 MPa 203 197.8 202.5 205 220.7 218.4 191 194.8 

Principle Stress (Minor) 2 MPa 73 71 72.8 73.67 79.26 76.5 68.67 70 

Maximum Stress (f3) MPa 64 63.27 64.75 65.3 70.63 69.85 61.12 62.4 

Internal Pressure acting 
inside the discharge ring 
(p)  

MPa 2.35 2.29 2.35 2.38 2.55 2.53 2.22 2.25 

Water hammer Pressure 
acting on guide vane 
assembly during shutdown  

MPa 2.3 2.27 2.30 2.35 2.55 2.50 2.20 2.22 

Tail race water (Back 
water) thrust on runner 
vane assembly during 
shutdown  

MPa 0.3 0.3 0.5 0.5 2.5 2.5 0.6 0.6 

 

Original shape of discharge ring

Deformed shape of discharge ring

 
Fig. 2: Deformation of discharge ring 

 
Cavitation At Guide Vane Moving Zone: 

The bulb turbine is a horizontal shaft axial flow turbine. The machine delivers 16.5 MW of power under a 
gross head of 7m at a discharge of 270m3/sec. To avoid the cavitation, the turbine runner centre is kept at a 
depth of 5.0 m below the tailrace water level. The diameter of the runner is 6.250 m, therefore the suction head 
'hs' on the machine is 1.875 m at the minimum tailrace water level and is 4.375 m at the maximum tailrace water 
level.  
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Inner Distributor
Cone (IDC)

Outer Distributor
Cone (ODC)

Guide Vane 
(G/V)

Moving Clearance 
of G/V

w.r.t ODC

Moving Clearance 
of G/V

w.r.t IDC

 
 
Fig. 3: Guide vane assembly 

 
When both the machines are operated at full load, there is 4.375 m of water column standing over and 

above turbine the runner. Further, the tailrace channel formed to discharge the turbine outlet into the existing 
river course in these run-of-river power house has a dead storage of 0.25 to 0.5 m due to water terrine. In bulb 
turbines, a conical tapered water flow path formed by outer distributor cone and inner distributor cone replaces 
the spiral casing. The guide vane assembly is housed inside the distributor cones as shown in Figs. 3 and.4 with 
a designed clearance of 1.25 to 2.25 mm with the outer distributor cone and 1.50 to 3 mm with the inner 
distributor cone. There are sixteen guide vanes assembled inside these distributor cones. As the growth of 
bubbles and their collapse take place at a high speed in the guide vane moving areas at low guide vane opening, 
the damage to the distributor cone is largely due to cavitation force. 

 

Bulb Nose
Vibration isolator

for generator assembly
Vibration isolator

for generator assembly

Access shaft 
to

Generator 
assembly

Runner vane

Guide vane

Outer Distributing 
Cone

Concrete 
pedestal for
Generator
assembly

Direction of Water flowDirection of Water flow

Direction of Water flow

 
 
Fig. 4: Upstream view of runner vane and guide vane assembly 

 
Deformation Of Outer Distributor Cone: 

The guide vane clearances are measured in all the eight turbines. The clearances measured on the inner 
distributor indicate a maximum gape of 5 mm at guide vanes 1and 16 at the top and between guide vane 8 and 9 
at the bottom. The left hand and right hand side guide vane clearances measured at guide vanes 4, 5 and 12, 13 
respectively show almost zero mm. The contact clearance between guide vanes 3,4,5 and 11,12,13 has increased 
abnormally to an average of 10 mm from the designed value of zero mm. 
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Air Injection In Bulb Turbine: 
When the water flows into a region where the pressure is reduced below its vapour pressure at the 

prevailing temperature, water boils and small bubbles or cavities form in large numbers. The appearance of 
cavities at a place depends on the difference between the atmospheric pressure and the vapour pressure. The 
cavitation occurs at the discharge ring of the bulb turbines in this case study. The most effects of cavitation are 
cavitation noise and vibration. It has been found experimentally that considerable noise is produced by the 
collapse of cavities. The cavitation process causes large fluctuating forces. When frequency components of 
these fluctuations match the natural frequency of the machine shaft, vibration occurs. Cavitation causes 
vibration in bulb turbine and the vibration is with fairly high frequency at 1120 Hz.  

Air injection study has been carried out in the bulb turbines to check their performance and to find out the 
reduction in vibration and noise levels. The four numbers of 20 mm diameter copper pipes meant for runner 
vane cooling water for condenser operation are used for air injection into the turbine. In order to check the air 
requirements inside the discharge ring during the operation, the dummy flange has opened from the head and it 
has been found that water flows freely at 30% guide vane opening. But as soon as the guide vane opening is 
increased from 30% to 34%, the free water flow stops and a metallic bell ringing noise with vibration are 
noticed. Therefore it is confirmed that a vacuum is created inside the discharge ring at the time of cavitation, 
which has started with vibration and noise. 

Admission of compressed air to the low-pressure regions cushioned the cavity collapses and reduced its 
destructive effects. The effect of introducing air at the cavitation regions was to break the vacuum there, thus 
raising the pressure and to eliminate the cavitation. The air introduced in this manner forms large bubbles, which 
are compressed downstream in the high-pressure region but are prevented from collapsing by the cushioning 
effect of the large quantity of air. The air injection in to the runner vane moving area of the bulb turbine as 
shown in Figs.5 and 6 reduces the vibration by 50% and the noise level has been reduced by 10 dB. The 
readings are shown in Tables 4 and 5. 

 
Experimental Setup For Air Injection Test: 

 

 Pressure Reducing 
Valve Compressed

Air Tank

Station service Compressor 
Single Stage  - Twin Cylinder

AC Motor
15 KW

Compressed
Air - 7 Kg / cm2

Compressed
Air  - 4 Kg / cm2

 
Fig. 5: Layout for air injection test 

 Pressure
Reducing 

Valve Compressed
Air Tank

Station service Compressor 
Single Stage  - Twin Cylinder

AC Motor
15 KW

Compressed
Air - 7 Kg / cm2

Compressed
Air - 4 Kg / cm2

Header pipe for Compressed air(4Kg / cm2)

 
Fig. 6: Experimental setup for air injection test 
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Table 4: Vibration and noise level measurements taken on the tope of discharge ring in vertical direction 

DESCRIPTION OF 
TESTS  

PARAMETERS 
MEASURED 

WITH OUT AIR 
INJECTION 

WITH AIR 
INJECTION 

GUIDE VANE / RUNNER VANE 
POSITION 

At  the time of starting 

Vibration (μ) 22 11 G/V opening time from 0 to 19 % = 
9 sec 
G/V opening time from 19 to 6 % = 
10 sec 
R/V opening time from 100 to 0 % 
=21sec 
G/V opening  = 6 % 
R/V opening =  0 % 

Noise Level dB 96 86 

At the time of shutdown 
when the machine is in 
mechanical spin 

 
Vibration (μ) 

70 50 G/V opening  = 6 % 
R/V opening =  0 % 

Noise Level dB 102 82 

At the time of shutdown 
when the machine is 
with grid with zero load  

Vibration (μ) 72 55 G/V opening = 20% 
R/V opening =  0% 
G/V closing time from 20 to 0 %  = 
1 sec 
R/V opening time from 0 to 100 % = 
20.5 sec 

Noise Level dB 105 85 

At the time of shutdown 
when the machine 
delivering   2 MW to the  
grid  

 
Vibration (μ) 

 
76 

 
60 

G/V opening = 30% 
R/V opening =  1.5% 
G/V closing time from 30 to 20 %  = 
5 sec 
G/V closing time from 20 to 0 %  = 
1 sec 
R/V closing time from 1.5 to 0 %  = 
1sec 
R/V opening time from 0 to 100 % = 
20.5 sec 

 
Noise Level dB 

 
107 

 
90 

At the time of shutdown 
when the machine 
delivering   5 MW to the  
grid  

 
Vibration (μ) 

 
72 

56 
 
G/V opening = 40.5% 
R/V opening =  18% 
G/V closing time from 40.5 to 20 %  
= 6 sec 
G/V closing time from 20 to 0 %  = 
1 sec 
R/V closing time from 18 to 0 %  = 
5sec 
R/V opening time from 0 to 100 % = 
25 sec 

 
Noise Level dB 

 
102 

 
85 

 
Table 4.5: Vibration and noise level measurements taken on the turbine guide bearing in horizontal direction 

DESCRIPTION 
OF TESTS  

PARAMETERS 
MEASURED 

WITH OUT AIR 
INJECTION 

WITH AIR 
INJECTION 

GUIDE VANE / RUNNER VANE 
POSITION 

At  the time of 
starting 

Vibration (μ) 65 45 G/V opening time from 0 to 18 % = 9 sec 
G/V opening time from 18 to 7 % = 10 sec 
R/V opening time from 100 to 0 % =22sec 
G/V opening  = 7 % 
R/V opening =  0 % 

Noise Level dB 95 85 

At the time of 
shutdown when the 
machine is in 
mechanical spin 

Vibration (μ) 100 80 
G/V opening  = 7 % 
R/V opening =  0 % Noise Level dB 100 80 

At the time of 
shutdown when the 
machine is with 
grid with zero load  

Vibration (μ) 150 120 G/V opening = 20% 
R/V opening =  0% 
G/V closing time from 20 to 0 %  = 1 sec 
R/V opening time from 0 to 100 % = 
21sec 

Noise Level dB 105 85 

At the time of 
shutdown when the 
machine delivering   
2 MW to the  grid  

 
Vibration (μ) 

 
240 

 
170 

G/V opening = 32% 
R/V opening =  2% 
G/V closing time from 32 to 20 %  = 5 sec 
G/V closing time from 20 to 0 %  = 1 sec 
R/V closing time from 2  to 0 %  = 1sec 
R/V opening time from 0 to 100 % = 22 
sec 

 
Noise Level dB 

 
120 

 
100 

At the time of 
shutdown when the 

 
Vibration (μ) 

 
200 

150 
G/V opening = 41% 
R/V opening =  19% 
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machine delivering   
5 MW to the  grid  

 
Noise Level dB 

 
102 

 
85 

G/V closing time from 41 to 20 %  = 7 sec 
G/V closing time from 20 to 0 %  = 1 sec 
R/V closing time from 19 to 0 %  = 5sec 
R/V opening time from 0 to 100 % = 21 
sec 

 
Vibration Analysis Of Bulb Turbine: 

If the frequency of the dynamic forces and moments generated in a machine or structure is close to the 
natural frequency of the whole system, the phenomenon of resonance occurs which is detrimental to the 
functioning of the machine or the assembly. Resonance induces excessive responses, leading to failures. 
Vibration control through proper design of machines and machine foundations becomes imperative for   low 
maintenance costs, productivity, prolonged machine life, low noise and high comfort, low power consumption 
and above all good quality control.  

Vibration analysis is the dominant technique used for predictive maintenance management. Since the 
greatest population of typical plant equipment is mechanical, this technique has the widest application and 
benefits in a total plant program. This technique uses the noise and vibration created by mechanical equipment 
to determine their actual condition.  

Monitoring the vibration from plant machinery can provide direct correlation between the mechanical 
condition and recorded vibration data of the machine in the plant. Any degradation of the mechanical condition 
within plant machinery can be detected using vibration-monitoring techniques. Used properly, vibration analysis 
can identify specific degrading machinery before serious damage occurs. Most vibration-based predictive 
maintenance programs rely on one or more monitoring techniques. These techniques include signature analysis. 
The critical speed of the main shaft is calculated and vibration in bulb turbine during starting and shutting down 
of the machine is analysed with appropriate and analytical equations. 

A heavy vibration and noise are noticed during starting and shutting down of the machine. Smooth running 
of the machine is observed at guide vane opening more than 60%. When the machine is operated from 30 – 60% 
guide vane opening a heavy noise and vibration are observed. In order to find out the causes for vibration during 
starting down in lower guide vane operation, an experimental set up has been established for this analysis as 
shown in Fig.7. 

 
Vibration Analyser

1

2
3

1 Probe position for the measuremnet of vibration in vertical direction 

2 Probe position for the measuremnet of vibration in horizontal direction 

3 Probe position for the measuremnet of vibration in axial direction 

Input Power
Supply (AC 230V )

 
Fig. 7: Experimental setup for vibration measurement 

 
 
 
 
 
 
 
 

 
 

 
Fig. 8: Vibration measurement on turbine guide bearing in axial direction 
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Fig. 9: Vibration measurement on generator guide bearing in vertical direction 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 10: Vibration measurement on turbine shaft in vertical direction 

 
The vibration on the turbine guide bearing, generator guide bearing are measured by IRD 

MECHANALYSIS model 808 at various speeds from 0 to 75 rpm in transverse, vertical and axial directions as 
shown in Figs. 8 - 10.  The noise level is measured and the peak values are recorded. The critical speed of the 
turbine shaft is established with the peak value of the vibration & noise levels are measured. The resonance 
condition for the machine at the existing condition and modified condition are found out from the experiment. 
The peak vibration during starting of the machine is 65 microns at 70 rpm in the existing condition. The natural 
frequency of the main shaft is found to be 18.67 Hz. The duration of vibration at the time of starting is about 10 
to 20 sec. The critical speed is increased to 85 rpm with modified stiffeners. The duration of vibration at the 
rated speed at the time of starting is about 4 to 5 sec. Similarly the vibration has reduced to 140 microns from 
240 microns during shutting down of the machine with the stiffener modification. The readings are tabulated in 
Tables 6 - 10 for various direction of vibration on various machines. The signature analysis on the bulk turbine 
at various conditions is shown in Fig.11. 
 
Table 6: Vibration measurements in transverse direction 

Speed 
Vibration measurements with existing stiffness  

Vibration measurements with modified 
stiffness  

By actual measurements By actual measurements 
10 7.0 - 
20 10.0 - 
30 15.0 - 
40 20.0 7.0 
50 25.0 12.0 
60 30.0 15.0 
65 32.0 20.0 
70 65.0 23.0 
75 35.0 25.0 
80 37.0 28.0 
85 39.0 65.0 
Coasting down vibration at 
70rpm 

240.0 140.0 

Duration of Vibration in sec. 10 – 20 4 – 5              
Operating condition Dangerous Safe 
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Table 7: Vibration measurements in axial direction 

Speed 
Vibration measurements with existing 
stiffness  

Vibration measurements with modified stiffness 

By actual measurements By actual measurements 
10 9.0 - 
20 11.0 2.00 
30 14.0 5.00 
40 16.0 9.0 
50 19.0 12.0 
60 21.0 15.0 
65 23.0 17.0 
70 40.0 19.0 
75 25.0 20.0 
80 26.0 22.0 
85 27.0 40.0 
Coasting down vibration at 70rpm 214.0 137.0 
Duration of Vibration in sec. 10 – 20 2 – 3              
Operating condition Dangerous Safe 

 
Table 8: Vibration measurements in vertical direction 

Speed 
Vibration measurements with existing stiffness 

Vibration measurements with modified 
stiffness  

By actual measurements By actual measurements 
10 8.5 - 
20 10.0 2.0 
30 12.0 5.0 
40 14.0 7.0 
50 16.0 9.0 
60 18.0 11.0 
65 19.0 13.0 
70 30.0 14.0 
75 20.0 15.0 
80 21.0 17.0 
85 22.0 30.0 
Coasting down vibration at 70rpm 204.0 132.0 
Duration of Vibration in sec. 10 – 20 2 – 3              
Operating condition Dangerous Safe 

 
Table 9: Vibration measurements taken at various power houses during auto starting sequence 

Description of parameters 
Power House-1 Power House-2 Power House-3 Power House-4 

U1 U2 U1 U2 U1 U2 U1 U2 

Displacement peak-peak(D) 
() 

65 60 60 65 65 65 60 60 

Velocity peak-peak(V) 
(mm/sec) 

3.80 3.50 3.50 3.80 3.50 3.80 3.50 3.50 

f = 19098.55 * (V/D) (cpm) 1116.5 1114 1114 1116.5 1114 1116.5 1114 1114 

G/V passing frequency 1120 1120 1120 1120 1120 1120 1120 1120 
 
Table 10: Vibration measurements taken at various power houses during auto shut-down 

Description of parameters 
Power House-1 

Power  
House-2 

Power  
House-3 

Power House-4 

U1 U2 U1 U2 U1 U2 U1 U2 
Displacement peak-peak(D) 
() 

220 210 215 225 240 270 220 220 

Velocity peak-peak(V) 
(mm/sec) 

13.00 12.50 12.60 13.20 14.00 15.8 13.0 13.0 

f = 19098.55 * (V/D) (cpm) 112.8 113.6 111.85 111.97 111.34 111.70 112.8 112.8 
G/V passing frequency 1120 1120 1120 1120 1120 1120 1120 1120 

U1 = Unit 1 (Machine 1),U2 = Unit 2 (Machine 2) 
 
vibration Analysis Of Foundation For Bulb Turbine: 

The occurrence of resonance and the consequent effect on increase of vibration amplitudes is the source of 
trouble in bulb turbine foundation. This is evidently due to faulty design based on improper estimation of design 
parameters such as stiffness of supporting media and unbalanced forces in the turbine. The high ground water 
table in barrage power houses is responsible for excessive propagation of vibration to entire power house 
building and structure. Suitable structural measures are adopted to change the natural frequency of the 
foundation to ensure the required safety from the operating frequency of the turbine.  
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The peak vibration measured on the foundation during starting of the machine is 2 microns at 70 rpm in the 
existing condition. The natural frequency of the foundation concrete is 18.67 Hz. The guide vane operating time 
during starting is 20 sec and runner vane operating time from 100 to 0 % is about 20 sec. The duration of 
vibration at the time of starting is about 10 to 20 sec. The peak vibration measured on the foundation during 
shutdown of the machine is 8 microns at 70 rpm in the existing condition. By modifying the mass of the 
foundation it is found that the peak values of vibration is reduced and the natural frequency for the foundation is 
reduced to 15.7 Hz from 18.67 Hz. The duration of vibration at the rated speed at the time of starting is reduced 
to 4 to 5 sec. The resonant condition that has occurred at 70 rpm is avoided and smooth running of the turbine 
has been established.  

 
Conclusions: 

The critical cavitation factor (�c) is an important parameter in deciding about the range of operation in the 
bulb turbines to avoid cavitation. Hence there is a need for the calculation of the critical cavitation factor (�c) 
interms of the specific speed (Ns) of the bulb turbine. The model test report on bulb turbine is used and sc is 
calculated interms of Ns. This correlation is a very useful tool to predict the occurrence of cavitation in bulb 
turbines at the deign stage. Air injection test is conducted in the bulb turbine to check the inception of cavitation.  
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