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Abstract

Small Hydroelectric Power (SHP) development is increasingly undertaken all
over the world, especially in the developing countries, because of their various
merits, varied application, and flexibility of utilization. Increasing populations
and new modern technologies necessitate massive amounts of electricity for
creating, building and expanding. Cavitation occurs when the pressure at any
point in the bulb turbine is reduced to the vapor pressure of the liquid. Under
such conditions, vapor bubbles formed and then collapse, producing dynamic
effects that leads to decreased efficiency and deformation of discharge ring
hence the cavitation effects are fully avoided.

1 INTRODUCTION

In a liquid, if the pressure at any point reduces to its vapor pressure, the liquid boils
and vaporization starts. If the liquid contains dissolved gases, they are liberated at
such low pressures. A large number of small size bubbles of liquid vapor and
liberated gas are thus formed. These are than carried by the flow. These bubbles upon
reaching a zone of higher pressure condense and collapse abruptly. The surrounding
liquid rushes to fill the space or cavity created by the bubbles collapse. The liquid is
rushing from all the direction collides at the center of the cavity generating a pressure
wave which travels almost at the velocity of sound thus giving rise to very high local
pressures. If the bubbles collapse takes place at a solid boundary, it is subjected to
these very high pressures. The boundary material may thus be stressed locally beyond
its elastic limit, resulting ultimately in fatigue failure. Ewven if the bubbles collapse
and the consequent formation of cavities do not occur at the solid boundary, the
intense pressures are propagated to the boundary through the pressure wave which
originates from the cavity center.
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Figure 1 Outline of run of river power house

The layout of bulb turbine in a run of river powerhouse as shown in Figure 1.
The run-of-river power stations utilize the irrigation demand left out in the river with
chains of barrage power stations, such a way that the water flowing in the river is
temporarily stored in each barrage and utilized for electrical power generation. In
each barrage, the headrace water level is kept equal to the tailrace level of the
previous powerhouse to avoid stagnation of tail race water in a chain of the power
house.

This sequence of formation of vapor bubbles, their transport to zones of high
pressure and subsequent collapse repeat itself many times in a second, the frequency
depending directly on the velocity of the flow. These very high pressures acting
repeatedly over the solid boundary as repeated hammer-blows at a high frequency,
cause severe damage to the boundary surface. The surface becomes badly dented, and
in some places its material appears to have been eroded by the liquid flow. This
phenomenon is known as pitting, and the surface is said to have been pitted by the
action of the flowing liquid. The material of the boundary surface ultimately fails by
fatigue. The entire phenomenon characterized by the bubble formation and the
subsequent collapse is known as the cavitation. There may be considerable noise and
vibrations associated with the cavitating flow. The efficiency of the system also
decreases on account of reduced flow-area due to the space occupied by the bubbles
as shown in Figure 2.
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Figure 2 Variation of efficiency with respect to cavitation factor (o)

The cavitation may occur in high speed hydraulic machines such as turbines,
pumps, marine propellers and in hydraulic structures such as spillways and openings
of high dams. It may also occur in certain portions of the pipeline and some devices
used for flow measurement. It may be noted that the damage to the solid boundary
occurs at a point of bubble collapse and not in the region of minimum pressure. So
since the collapse takes place in the region of high pressure zone, the damage,
therefore, lies downstream of the point of minimum pressure. It may, therefore, be
seen that the formation of vapor bubbles, is not damaging in itself, but represent a
source associated with severe damage of boundary with considerable vibrations and
noise.

Bernoulli’s equation expressed as energy per unit volume is given by

(p*V2/2) +p+yZ= Ev (1)
The pressure at a point is
p=Ev -(p*V?/2) -yZ 2

The total energy per unit volume E, is a constant along a streamline in a
rotational flow and at all points in an irrotational flow. The pressure p at a point, then,
depends upon the velocity and datum head. The pressure may get reduced either by
increased velocity or on account of higher elevation head or due combination of both.
At certain regions in the flow, these variables may be so combined as to reduce the
pressure to its vapor pressure value. Once this pressure is obtained, the cavitation is
imminent. Engineers are, therefore, required to design and operate the hydraulic
machines and structures in such a way that the possibility of occurrence of cavitation
is ruled out. While designing, we must ensure that nowhere in the flow, pressure falls
to such a low value as the vapor pressure of the liquid at the prevailing temperature.
In the case of water, the absolute pressure head should not be allowed to fall below
2.5m in order to prevent cavitation.

2. CAVITATION AT RUNNER VANE MOVING ZONE
Bulb turbine units are used in the run-of-river hydroelectric power plants for low head
ranges. The runner vanes operations and guide vanes operations are synchronized to
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produce the maximum turbine efficiency for a given head and discharge. The higher
specific speeds in the bulb turbines make the full advantage of the concept of total
energy utilization to result the maximum efficiency. The aim is to produce higher
efficiencies over a lower net head range. This is especially critical in the run-of-the
river plants where dry seasons contribute too much of the annual operating period.
The upstream river geometry significantly influences the flow pattern into the turbine.
Poor orientation of the turbine inlet to the direction of flow in the river results in flow
separation at the intake. Eddies and vortices form during the draw at of water, which
adversely affect the turbine performances. A straight conical diffuser draft tube with a
transition section from circular to rectangular cross section is utilized in these
turbines.

LHS

Bottom

Figure 3 Runner vane assembly inside the discharge ring

The cavitation pitting is seen in the flow area of are in the discharge ring. The
discharge ring assembly houses the runner vane assembly shown in Figure 3. The
discharge ring connects the distributor cone assembly and draft tube. The discharge
ring assembly has four numbers of 20 mm copper pipes at the top half of the water
spraying between the rotating runner vane and the discharge ring during condenser
operations. As the velocity of the water at the exit of the runner vanes is high as 9.37
m/s, the water boils inside the discharge ring due to the lowest vapor pressure of
flowing water. The vapor pockets, thus formed at the exit of the runner vane, moves
to a region of higher pressure inside the discharge ring where it collapses suddenly
and causes noise, vibration and pitting of the discharge ring. As the growth of bubbles
and their collapse take place at a high speed, the damage to the discharge ring is
largely due to fatigue, and the damaged metal surface appears with numerous drilled
holes of different diameters varying from 3 mm to 6 mm with different depth of
penetration from 6 mm to 10 mm.



Investigations on the Performance of Small Hydro Power Plants 5647

3 CAVITATION PITTING AND ITS EFFECT ON DISCHARGE RING
The discharge ring is subjected to a higher-pressure force due to cavitation that acts as
repeated hammer blows. Whenever these forces are less than the elastic limit of the
material of the discharge ring, there is no deformation. But when the quantum of the
cavitation force acting on the discharge ring is higher than the elastic limit of the
material, then the deformation of discharge ring is permanent. It has been observed,
during the annual maintenance that the discharge ring which is deformed and gets
back to the original shape when same is dismantled and reassembled. But the
cavitation forces acted year, after year has stressed the discharge ring beyond its
elastic limit. Hence the discharging has to be replaced with a new at with a higher cost
with a huge loss of revenue to the power utility services.

4 RUNNER VANE CLEARANCE

The cavitation and water hammer forces are acting in the discharge ring. The
cavitation forces are emerging out due to low pressure region created inside the
discharge ring at small guide vane openings. The water hammer forces were acting in
the discharge ring at the time of shutdown of the machine due to the deep setting of
the turbine runner. Whenever the total forces are within the elastic limits of the
discharge ring, the deformation is elastic. But when the forces exceed the elastic limit
of the discharge ring the deformation of the discharge ring is in the plastic region, and
the deformation is permanent. This was confirmed while the repairing and
rectification work carried out in the powerhouse and the results are shown in Table 1
and Figure 4

Table 1 Different Clearance levels with respect to no of hours working

Number | Top Clearance |Bottom Clearance|L.H.S Clearance|R.H.S Clearance
of Hours |measured in mm| measured in mm |measured in mm|measured in mm
Worked
in 1000
0 3.75 2.85 2.70 2.65
0.9 3.75 2.85 2.70 2.60
2.1 3.75 2.85 2.70 2.55
7.5 3.75 2.85 2.70 2.50
12 3.75 2.85 2.70 2.45
16.4 3.75 2.85 2.70 2.40
44.03 4.60 3.30 1.20 1.50
49 5.75 3.65 1.20 1.50
52.5 5.75 3.85 1.20 1.20
54.6 5.75 3.85 1.20 1.15
55 5.75 3.85 1.20 1.15
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Figure 4 Runner vane clearance levels of new machine

With the help of Microsoft Excel curve fitting software using Least Square
method. The equation for the runner vane Top clearance for condition-1 has been
derived as T = 0.0002d? + 0.0825d + 3.275, where T = Clearance in mm in the Top
direction. d = No. of hours worked in 1000. The curve fitting equation for the Top
clearance for condition-2 has been derived as T, = -0.0030d,? - 0.165d; + 3.607,
where T, = Clearance in mm in the Top direction and d; = No. of hours worked in
1000. The clearances obtained by solving these curve fitting equations are compared
with the measured clearances listed in Table 2 and are shown in Figure 5

Table 2 Discharge ring top clearance levels

Number of Hours | Top Clearance Calculated | Top Clearance
Worked in 1000 | Using governing Equation | measured in mm
0.9 3.7688 3.75
2.1 3.7505 3.75
7.05 3.7036 3.75
12 3.7025 3.75
16.4 3.7405 3.75
20.5 3.8088 3.75
24.7 3.9116 3.75
40 4.5672 4.50
44.03 4.8133 4.50
49 5.159 4.60
52.05 5.4000 5.75
54.06 5.3906 5.75
55 5.6384 5.75
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Figure 5 Runner vane clearance at top

Similarly by using Microsoft Excel curve fitting software the equation for the
runner vane Bottom clearance for condition-1 has been derived as B = 0.0015d? +
0.0765d + 3.275, where B = Clearance in mm in the Bottom direction. d = No. of
hours worked in 1000. The curve fitting equation for the Bottom clearance for
condition-2 has been derived as B; = -0.0020d,* + 0.1133 d; + 3.747, where B; =
Clearance in mm in the Bottom direction and d; = No. of hours worked in 1000. The
clearances obtained by solving these curve fitting equations are compared with the
measured clearances and are shown in Table 3 and in Figure 6.

Table 3 Discharge ring bottom clearance levels

Number of Hours | Bottom Clearance | Bottom Clearance Calculated
Worked in 1000 | measured in mm Using governing Equation
0.9 2.85 2.8463
2.1 2.85 2.8173
7.05 2.85 2.724
12 2.85 2.6706
16.4 2.85 2.6585
20.5 2.85 2.6766
24.7 2.85 2.7245
38.08 3.00 3.0755
40 3.20 3.1507
44.03 3.30 3.3286
49 3.65 3.5858
52.05 3.85 3.7615
54.06 3.85 3.8904
55 3.85 3.9517
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Figure 6 Runner vane clearance at bottom

The equation for the runner vane LHS clearance for condition-1 has been
derived using Microsoft Excel curve fitting software as L = -0.00275d%-0.0305d +
2.8015, where L = Clearance in mm in the LHS direction. d= No. of hours worked in
1000. The curve fitting equation for the LHS clearance for condition-2 has been
derived as L; = 0.0020 d;? - 0.1301 d; + 3.0945, where L;= Clearance in mm in the
LHS direction and d;= No. of hours worked in 1000. The clearances obtained by
solving these curve fitting equations are compared with the measured clearances and
are shown in Figure 7 and listed in Table 4

Table 4 Discharge ring L.H.S clearance levels

Number of Hours | L.H.S Clearance | Left Clearance Calculated
Worked in 1000 Measured Using governing Equation
0.9 2.70 2.7611
2.1 2.70 2.734
7.05 2.70 2.618
12 2.70 2.4913
16.4 2.70 2.3726
20.5 2.70 2.2559
24.7 2.70 2.13
40 1.2 1.62
44.03 1.2 1.47
49 1.20 1.2847
52.05 1.20 1.1659
54.06 1.20 1.0829
55 1.20 1.0445
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Figure 7 Runner vane clearances at left hand side

The equation for the runner vane RHS clearance for condition-1 has been
derived using Microsoft Excel curve fitting software as R = -0.0030d* - 0.0300d +
2.8016, where R = Clearance in mm in the RHS direction. d = No. of hours worked in
1000. The curve fitting equation for the RHS clearance for condition-2 has been
derived as Ry= 0.0015d,° - 0.110 d;+ 2.8975, where R; = Clearance in mm in the RHS
direction and d; = No. of hours worked in 1000. The clearances obtained by solving
these curve fitting equations are compared with the measured clearances and are
shown in Table 5, Figure 8.

Table 5 Discharge ring RHS clearance levels

Number of Hours | R.H.S Clearance | R.H.S clearances Calculated
Worked in 1000 | measured in mm | Using governing Equation
0.9 2.60 2.645
2.1 2.55 2.6139
7.05 2.50 2.4852
12 2.45 2.3519
16.4 2.40 2.2326
20.5 2.40 2.1199
38.08 1.85 1.6195
40 1.50 1.5631
44.03 1.50 1.4438
49 1.50 1.2947
52.05 1.20 1.2034
54.06 1.15 1.1405
55 1.15 1.1116
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Figure 8 Runner vane clearance at right hand side

5 PRESSURE VARIATION INSIDE THE DISCHARGE RING

A flow for which the streamlines are concentric circles is called a vortex. Fluid
dynamics have identified two types of vortices that can be easily described
mathematically. One is called the forced vortex in which the velocity increases
linearly from the center of rotation. The other type of vortex is the free, or potential,
vortex. In a free vortex, the product of the velocity at a point and the radial distance
from the vortex, center to that point is a constant (\Vr = C). Flow patterns that are
developed by — flow inside the discharge ring is an irrotational flow and this flow is
closely approximated. The flow of water in this region where the streamlines are
converging usually approximates the irrotational flow quite closely. However, in
regions where boundaries turn away from the flow so as to cause the streamlines to
diverge, the flow usually, separates, from the discharge ring and a recirculation
pattern are generated in this region. This phenomenon is called separation. In the
region between the high — velocity flow outside the zone of separation and the low
velocity zone inside it, vortices are formed. These vortices are often called eddies.
These vortices or eddies lead to the phenomenon called turbulence.

As the flow passages in the bulb turbines are converging, the flow is
irrotational. Hence Bernoulli’s equation is used to obtain the pressure variation
between points in the flow field, including points adjacent to the boundaries.
Bernoulli’s equation between the reference point and any other point is

2 2
B+\2/—+z=&+\2/—°+z0
y 49 4 g (3)

where Po, Vo, and Z, are pressure, velocity, and elevation, respectively, at the
reference point; and p, V, and z are pressure, velocity and elevation at any other given
point.
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By simple rearrangement, Equation (3) is written as
P2 2
—p, =7z, —2)+ =V, -V

Equation expresses the pressure change in terms of the change in hydrostatic
pressure (the first term on the right) and the change in kinetic pressure (the second
term on the right). Thus the dynamic effect is given by

(BHJ—(&”()]:Z&(VOZ —VZ) )

/4 /4 4

Equation (4) expresses the change in piezometric head as a function of the
difference in the velocities squared, and it reduced to
VZ-V?

(6)
29

where h is the piezometric head at a given point, and hg is the piezometric head at the
reference point.

Hence ﬂ—l— v 2 (7)
'VZ12g v,

2
P-P \Y,
7= ®
oV, 2 V,

Because the velocity is inversely proportional to the cross-sectional area
through which flow occurs in the flow passage (that is, V/Vo = Ag /A), we can express
the relative pressure distribution or piezometric — head distribution in terms of the
dimensions of the flow passage. For two-dimensional flow, the streamline spacing is
directly proportional to the flow area. Thus we have V/Vy = ng /n for the relationship
between the relative-velocity distribution and the relative-stream-line spacing. Here n
is the distance between two adjacent streamlines measured along the line (possibly
curved) perpendicular to both streamlines. As the flow pattern in a bulb turbine is
symmetrical with either a vertical or the horizontal axis through the center of runner
boss of bulb turbine, the pressure distribution on the surface of the runner boss,
obtained by application of Bernoulli’s equation, is also symmetrical. The relative
pressure C, is plotted outward (negative) or inward (positive) from the surface of the
runner boss, depending on the sign of the relative pressure and line normal to the
surface of the cylinder. It should also be noted that pp and V, are the pressure and
velocity of the free stream far upstream or downstream of the body.

The turbines at a particular powerhouse are subjected to a maximum internal
water pressure and water hammer forces. These forces are compared to other units in
other power houses. The discharge rings of these units are deformed. The discharge
rings of the other units are also in strained. The internal pressure developed during the
water flow and the water hammer pressure during shutdown of the machine are added
to the cavitation pressure forces inside the discharge ring of these bulb turbines.
Whenever, all the three forces acting inside the discharge ring exceeds the yield stress
of the material, the discharge ring is likely to deform.

h—h, =
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6 GUIDE VANE CLEARANCE
The cavitation and water hammer forces act inside the outer distributor cone and inner
distributor cone assembly. The cavitation forces are due to low pressure region
created during low guide vane openings inside the distributor cone assembly. The
water hammer forces act on the guide vane assembly at the time of shutdown of the
machine. Whenever the total forces are within the elastic limits of the guide vane
assembly, the deformation of the distributor cone is elastic. But when the forces
exceed the elastic limit of the distributor cone the deformation is permanent. This has
been confirmed during the repairing work carried out on the Power House.

The equation for the guide vane top clearance for condition-1 has been derived
using Microsoft Excel curve fitting software as T, = -0.0003d,? + 0.0675d; + 2.2652,
where T, = Clearance in mm in the Top direction.d; = No. of hours worked in 1000.
The equation for the Top clearance for condition-2 has been derived as Tp = -
0.0025d,2 + 0.0953d; + 2.2501, where T,;= Clearance in mm in the Top direction and
d; = No. of hours worked in 1000. The clearances obtained by solving these equations
are compared with the measured clearances and are shown in Table 6 and Figure 9.

Table 6 Clearance levels measured in top of the discharge ring

Number Top Clearance Curve fitted Top Clearance Curve Fitted
of Hours | measured in the new |for conditionl measured in the for condition
Worked | machine (condition-1) same machine after 2
in 1000 reconditioning
(condition-2)
0 2.20 2.2652 2.20 2.2501
3 2.50 2.5304 2.60 2.5913
6 2.70 2.7860 2.90 2.8525
9 3.00 3.0320 3.00 3.0337
12 3.20 3.2684 3.10 3.1349
15 3.50 3.4952 3.20 3.1561
18 3.70 3.7124 3.10 3.0973
20 4.00 3.9200 3.00 2.9585
5.00
E 4.00
E 3.00 a e
E 2.00 BF—
%" 1.00
0.00

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Number of Hours Worked in 1000

=== Clearance measured for conditionl

=== Clearence Calculated Using Curve Fitting Equation for condition1
de== Clearance measured for condition2

e Clearence Calculated Using Curve Fitting Equation for condition2

Figure 9 Guide vane clearances at top
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The equation for the guide vane bottom clearance for condition-1 has been
derived using Microsoft Excel curve fitting software as B, = -0.0024d,° + 0.1320d; +
2.1686, where B,= Clearance in mm in the bottom direction. d; = No. of hours
worked in 1000. The equation for the bottom clearance for condition-2 has been
derived as B, ; = -0.0015d;% + 0.0786d; + 3.8531, where B, 1 = Clearance in mm in
the bottom direction and d; = No. of hours worked in 1000. The clearances obtained
by solving these curve-fitting equations are compared with the measured clearances
and are shown in Table 7 and Figure 10.

Table 7 Clearance levels measured in bottom of the discharge ring

number of bottom curve fitted bottom curve fitted
hours worked clearance for condition 1 clearance for condition 2
in 1000 (condition-1) condition-2
0 2.30 2.2982 3.90 3.9302
3 2.70 2.6582 4.00 4.1435
6 3.00 3.0710 4.40 4.3859
9 3.40 3.4070 450 4.5803
12 3.60 3.6662 4.70 4.7267
15 3.80 3.8486 4.80 4.8251
18 3.90 3.9542 4.90 4.8755
20 4.00 3.9830 4.95 4.8779
6.00
5.00 -
2,00 W
£
% 3.00
z 2.00
&)
1.00
000 T T T T T T T T T T T T T T T T 1
0 1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of Hours Worked in 1000

e=p==Bottom Clearance measured in the new machine (condition-1)
=== Curve fitted for condition 1

#==Bottom Clearance measured after reconditioning (condition-2)
espfem Curve Fitted for condition 2

Figure 10 Guide vane clearances at bottom

The equation for the guide vane LHS clearance for condition-1 has been
derived using Microsoft Excel curve fitting software as L, = -0.0028d,? + 0.0090d; +
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2.3947, where L, = Clearance in mm in the LHS direction.d; = No. of hours worked
in 1000. The equation for the LHS clearance for condition-2 has been derived as Ly =
0.0017d,? - 0.0761d; + 1.2634, where L,; = Clearance in mm in the LHS direction
and d; = No. of hours worked in 1000. The clearances obtained by solving these
curve-fitting equations are compared with the measured clearances and are shown in
Table 8 and Figure 11.

Table 8 Clearance levels measured in LHS of the discharge ring

Number of LHS Clearance | Curve fitted | LHS Clearance Curve
Hours Worked | (condition-1) [for condition 1| (condition-2) Fitted for
in 1000 condition 2
0 2.40 2.3947 1.25 1.2634
3 2.35 2.3859 1.00 0.9862
6 2.30 2.2875 0.75 0.7634
9 2.00 2.0995 0.60 0.5950
12 1.80 1.8219 0.50 0.4810
15 1.40 1.4547 0.42 0.4214
18 1.00 0.9979 0.41 0.4162
20 0.50 0.4515 0.45 0.4654
3.00
E 2.50
£ 2.00
8 1.50
§ 1.00 ©
§ 0.50
© 0.00 s ——
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

e cft hand side Clearance measured for conditionl
e=fli=] eft hand side Clearence Calculated Using Curve Fitting Equation for condition1
de=L eft hand side Clearance measured for condition2

sspim] eft hand side Clearence Calculated Using Curve Fitting Equation for condition2

Number of Hours Worked in 1000

Figure 11 Guide vane clearance at left hand side (LHS)

The equation for the guide vane RHS clearance for condition-1 has been
derived using Microsoft Excel curve fitting software as R, = -0.0035d;? + 0.0271d; +
2.3411, where R, = Clearance in mm in the RHS direction.d; = No. of hours worked
in 1000. The equation for the RHS clearance for condition-2 has been derived as Rj;
=0.0010d,? - 0.0492d; + 1.7595, where R,; = Clearance in mm in the RHS direction
and di = No. of hours worked in 1000. The clearances obtained by solving these
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curve-fitting equations are compared with the measured clearances and are shown in
Table 9 and Figure 12.

Table 9 Clearance levels measured in RHS of the discharge ring

Number of RHS Curve fitted RHS Clearance Curve Fitted
Hours Clearance for measured in the same |for condition
Worked in | (condition-1) | condition 1 machine after 2
1000 reconditioning
0 2.40 2.3647 1.80 1.7595
3 2.38 2.3935 1.60 1.5787
6 2.35 2.3339 1.40 1.4299
9 2.20 2.1623 1.30 1.3131
12 1.80 1.8787 1.20 1.2283
15 1.50 1.4831 1.15 1.1755
18 1.00 0.9755 1.12 1.1547
20 0.40 0.3559 1.15 1.1659
3.00
E 2.50
£ 2.00
g 150 -
=
£ 1.00
B
5 0.50 \
0.00 ———————
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of Hours Worked in 1000

e=§==Right hand side Clearance measured for condition1
=i=Right hand side Clearence Calculated Using Curve Fitting Equation for conditionl

#==Right hand side Clearance measured for condition2
== Right hand side Clearence Calculated Using Curve Fitting Equation for condition2

Figure 12 Guide vane clearance at right hand side (RHS)

7 RESULTS AND DISCUSSION
After the operation of about 55,000 hours for the new machine and 20,000 hours, it is
found in power house that distributor cone assemblies have been shattered with a very
heavy hydraulic and cavitation forces. Distortion has been observed in the contact and
moving area of guide vanes assembled between outer and inner distributor cones. The
moving clearance for the 4" guide vane has increased to a maximum of 5.8 mm from
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a design value of 2 mm. Thus the top portion of the outer distributor cone has lifted up
by 3.8 mm.

Similarly the clearance at 12" and 13" guide vanes are also increased to 5.1
mm from the design value of 1.8 mm and showed a distortion in the bottom side of
the distributor cone assembly, and has been pulled downwards by 3.3 mm. The
clearances at the left side guide vanes 8 and 9 have reduced to 0.02 mm from the
design value of 2.7 mm which showed a contraction of 2.68 mm. Similarly, a
minimum clearance of 0.02 mm has been recorded at guide vanes 12 and 13 on the
right side of the assembly and here also a contraction about 2.88 mm has been
noticed. Thus the entire distributor cone assembly has become in distorted condition.
The top and bottom portions have elongated by 3 to 5 mm, and the side portions
have contracted by 2.8 mm from the design values. Another major problem noticed is
the, wide openings between the guide vanes at fully closed condition. These
clearances are supposed to be zero at this position but have increased abnormally to a
maximum value of 14.5 mm at the guide vanes 6, 7, 14 and 15. The contact
clearances at guide vanes 9 to 11 at right hand side, and 2 to 4 at left hand side have
increased from 0 tol3 mm which impose a very dangerous condition for a hydro
turbine. The machine could not be stopped by applying brake, due to heavy water
leakage passing through these guide vanes.

8 CONCLUSION

The turbine manufacturer recommended that the unit should not be run below 50%
wicket gate (guide vane) due to excessive cavitation levels. This warning has been
confirmed by measurements taken on the bulb turbines by this experiment also. It has
been also found that the turbine experienced higher cavitation acoustic emission
levels when the guide vane opening is less than 50%.

It has been found that energy modulation levels at the blade passing frequency
for the hydro turbine indicate the reasons for severe erosive cavitation occurring when
the hydro units are operated at guide vane openings below 50 percent and above 90
percent. Cavitation damage is minimal at around 60 percent guide vane opening.
This is confirmed in this study by the vibration and noise measurements taken on the
discharge ring for different guide vane openings from 30 to 90%. In this study, it has
been found that the tail race water level has influenced the cavitation occurrence in
the bulb turbines which are located at different places with different suction head (Hs).

The deformation of discharge ring is calculated and correlated with the hours
of operation. This is a very useful method to predict the life of discharge ring and for
scheduling the repairs and replacement at appropriate time on bulb turbines. These
findings also help the designer to take care of cavitation phenomenon and deformation
of discharge ring by using these equations for bulb turbines.

It has been found out that there are three distinct regions in our study namely

0] minimum pressure region upstream of separation at the exit of the guide vane

(i) the separation region between guide vane and runner vane at the entry of the
runner vane and
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(iii)  the reattachment region in the draft tube. It has been found that the bubble
growth in the separated region has played an important role in cavitation
inception at the exit of guide vanes.

It has been confirmed that, for the cavitation erosion phenomenon, the
pressure waves-impact seems to be the mechanism responsible for the damage
observed. The study confirms that the water hammer forces are caused by rapid flow
cut-off. The backwater hammer effects are also realized, in addition to cavitation
forces, Results of the investigation highlighted these problems that are to be taken into
account during the process of design of hydropower plants with bulb turbines.

This study gives correlations between the distortion of outer distributor cone
and number of hours worked in the form of equations as indicated earlier. The same
type of distortion and cavitation pitting are also observed again after reconditioning
within a short period, which is also given by the same type of equations for top,
bottom, left hand side and right hand sides of the assembly.
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