swiviney are classined as follows \
1. According to the head available
Pcltontm‘bine . high head turbine, head ma

Yy be more than 25¢ M tg 5 la%
2000 m, i
Francis turbine :  Medium head turbine, head varying from, 60 m t0 25 .
Kaplan turbine :  |ow head turbine, head is less than 60 m. '
2. According to the discharge available
Pelton turbine small flow turbine (Q=01to2 m?3 /s)
Francis turbine . medium discharge turbine (0.5t0 5 m3 /s)
Kaplan turbine .- high discharge turbine Q=510 200 i3 /s)
3. According to the name of the originator
Pelton (1880) . named after Lester Alle, Pelton of Californi, (USA),
Francis (1865) . Named after James Bichens Francis.
Kaplan (19 16) ' nameg after Dr. Victor Kaplan,
Other turbines invented were
Impulse type Poncelet (1825), Girard (1850) and Bank; (1900)
Francis type Forneyron (1827)
Kaplan type Jonval (1837), Turgo (1930)
4. According to the action of water
Impulse turbine Pelton turbine,
Rcacti.on turbine L. Francig turbine
5.

2. Kaplan ang Propeller turbipeg.
According to the directiop of flow of Water in
Tangential floy, turbine

the runner
* Pelton turbine.
Radia] flow turbine

Ntry and axig) at exit)

—Francig turbine (mode

——--/
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cnl"ﬁ"g to the specific speed
g O raulic turhines, the following classification is used.
- IV
]m':,:lmp i Classification of hydraulic turbines on the basis of specific speed
Type of turbine Specific Maximu.m Speed Remarks
spccd hydl’ﬂllllc ration ‘
(in S.1.) cfficiency
"h max
|, Pelton turbine
() Singlejet 8.5-30 0.89 0.43-0.4 | Employed
(H upto 2000 m) 8 for heads
(i) Multiple jet 30-51 greater
(H upto 1500 m) sp. speed than 250
is low m
ﬁrancis turbine
(i) High head 51-102 0.93 0.6-0.9 Full load
(upto 300 m) efficiency
(ii) Medium head 102-153 is high and
(50-150 m) part - load
(iii) Low head 153235 efficiency
(30-60 m) sp. speed lower than
is medium Pelton
turbine
3. Kaplan and propeller 255-860 0.93 1.4-2.0 Part ‘load
turbines sp.speed is efficiency
(4 to 60 m) high i of Kaplan
turbine is
high
4.Bulbor tubular turbines | 860-1020 | 0.91 6-8 Used in
(head = 3 to 10 m) sp. speed tidal plants

fg“.-_s;lﬂpulse Turbine — Pelton Wheel

Pﬂlt.on Wheel is a high head, low discharge, impulse turbine, tangential flow turbixfe,
e:::rmn.tal shaft turbine and low sepcific speed turbine. In such turbines, 1th'f: pt()tlfn::l
the EZCIS onverted into kinetic energy when water flows through the nozzle Ins ade

of the penstock. The high velocity jet when strikes the buckets mounted on a

Wheg] k ey i
’ ivei ons in India are
Biven bmla Sthe wheel to rotate. Five important Pelton-turbine installati
Clow . !
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The speed of the turbine depends on the rate of flow entering the turbine or the load on
(e turbine. The frequency and voltage of generation of power also depends to a great
extent on the speed of rotation. Therefore, the main objective of governing of turbine is

(o maintain constant speed by controlling the flow without developing any water
hammer pressure in the pipeline.

If the load on the turbine changes, the governor has to operate spear valve for controlling
the flow rate and the deflector for pressure control in the pipeline of Pelton Turbine
whereas the flow and pressure will be controlled by operating wicket gates and relief valve
respectively in Francis Turbine. In Kaplan turbine, the flow rate is controlled by
operating wicket gates and runner blades and the pressure in the pipeline is controlled by

a relief valve.

The governor employed for governing of the turbines should have the following

characteristics :

1. The governor should be responsive to small changes in speed. It should, however,
not move to extreme positions.

2. The governor should quickly stop the excessive increase of the speed of the
turbine but it should not be so quick that water hammer occurs in the pipeline.

3. The governor should not oscillate.
4.  When the load is steady, no periodic change in speed should take place.

5. It should have sufficient capacity to carry out the necessary function. For
example, it should have capacity to exert enough force to open or close the wicket
gates of a Francis turbine.

2.71 Governing of lmpulse Turbines

Suppose the load on the Pelton turbine suddenly decreases. This will result in increase of
the speed of turbine and the pendulum of the governor will go up. This will cause the
mam lever to push the plstons of the control valve down and also the bell crank lever. As
the bell-crank lever comes down, it brings the deflector in front of the nozzle and a part of
jet is deflected away. This will reduce the speed of the wheel without causing water

Portion to the load on the turbine.

the forward motion of the spear moves the cam, and the bell crank lever goes up. This
kcs the deflector to come to its normal posmon ie., :t moves away from the jet. The
4 1‘“" Process is reversed when the load mcreases on the turbine. ;
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The operation is shown in fig. 4.

]
'

Pendulum
Bel crank lever

Sleeve Fulcrum

& Main lever
; J'T‘ Control valve ]
From main shaft of turbine (J:_FJ Ll_f :
ITI rrri ‘
Gear pump —() [[ *+- ] ' Nozi
' e Spear
yiv : W
Servomoter Spear rod Deflector
Oil sump
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%14 Cavitation in Turbines TRl =

grow and collapse in high pressure

. . . teioe S rm
It is a process N which the cavitics OF pubbles form:  ssure Of below VApOur pressure
zone in a flowing liquid when pressure falls to vapour P1= '

. : ~uid. Due to coll

. in the liquid- Ollapse o
he vap ~avities form around a dust nuclel present ) locity tow f
g apour or cavities [orm A high veloci y ards these

. witl
ated. The liquid flow® | shock waves causing noise ang

i herica
iolent, 1rreé ular, sp 0o
10 ;%d indentatiohs aré formed or material is eaten

vapours, empty space is cre
spaces. This results in series of v
vibrations. In this process, due to fatigue a

away or pitting takes place.
ficiency- Hence an effort be mag,

; ¢ and ef
The cavitation causcs sudden drop 1 the outpu |

to avoid the occurrence of cavitation. | |
i i following ocations :
The cavitation may occur in reaction turbines at the

1. At the exit of the convex side of the runner.
2. At the inlet of the draft-tube.
3.14.1 Cavitation Factor
It is defined as
H; = H ~ I;I__
g=—"71TH

where H; = atmospheric pressure head in m of water

H,, =vapour pressure head in m of water at given temperature.

H, =suction head (or height of turbine outlet above tail race level in m)

H =working head of turbine.

%3

The value of critical cavitation factor depends on the specific Speed of the turbinest
evident from the following empirical formulae : :

For Francis Turbine:: ¢, =0-625 ( Vs : | (1""
380-78 RPN

GC =431X10"6 Ng

ForPropellerTurbine:oL. =0.28+ 1 [Ns >
‘ ;o 7-5 380-78)

=0-28+2.415 x10~9 N3
For Kaplan Turhine . s

~ gy Sare SOy
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514.2 Methods to Avoid or Reduce Cavitation

he following methods

i

e

“re
.

are used t i
0 avoid or reduce cavitation in turbines :

runner or turbi i i
The ine may be installed inside the tail race wat ini
height above the tail race water. o s

Thro.ug;\ 1:111";)1(.:161 t-estmg, the distribution of pressure along runner vanes may be
Obtamé e enab.le to locate the region where pressure is minimum.This is
the region where vapourisation is likely to occur.

The design of moving vanes should be such as will avoid the sharp corners or
curvatures. Such design will result in the formation of eddies or vertices causing
low pressure. '

The proper selection of material may also reduce the chances of cavitation. It is
found that cast iron, aluminium or welded steel are the least cavitation resistant.
Cast aluminium bronze, Nickel and welded stainless steel are moderately resistant
to cavitation. It is observed that stellite has high resistance to cavitation. It is
suggested that bronze, stainless steel or alloy steel may be preferred than other
materials. The cost of stellite is very high, therefore may not be used. By polishing
the surface of cast steel runners and vanes with stainless steel may also reduce the

chances of cavitation.
s physically possible as it will lower the

Temperature of water should be as less a
cavitation.

vapour pressure and hence the chances of |
region of low

It is also advisable to make suitable arrangement to admit air at the

pressure. This will reduce the chances of cavitaion.
ce the possibility of

Tie proper selection of specific speed may also” redu

OCcurrence of cavitation.
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Table 18.1. Comparison between Impuls

e and Reaction Turbines

Aspects

Impulse turbine

Reaction turbines

Conversion of fluid
energy

The available fluid energy is
converted into K.E. by a
nozzle.

—
The energy of the fluid is partly

transformed into K.E. beftm it
(fluid) enters the runner of th,

turbine.

2. Changes in pressure| The pressure remains same | After entering the runner withay

and velocity (atmospheric) throughout the | excess pressure, water under.
' action of water on the runner. | goes changes both in velocity
| | and pressure while passing

through the runner.

3. Admittance of water| Water may be allowed to enter | Water is admitted over the cir.
over the wheel a part or whole of the wheel cumference of the wheel.

circumference.

4. Water-tight causing | Required Not necessary.

5. Extent to which the| The wheel/turbine does not run Water completely fills all the
water fills the wheel/| full and air has a free access to | passages between the blades and
turbine the buckets. while flowing between inlet and

outlet sections does work on the
blades. ‘

6. Installation of unit Always installed above the tail | Unit may be installed above o

; race. No draft tube is used. below the tail race-use of a draf’t
tube is made. ,
7. | Relative veloczty of| Either remaining constant or Due to continuous drop in pres-
water reduces slightly due to friction. | sure during flow through the
‘ blade, the relative velocity
increases, ,
&+ 8; Flow regulation ~— By means of a needle valve | —. By means of a guide-vane
fitted into the nozzle. assembly, ;
— Impossible without loss. | ___ fxlways accompanied by
i G dsing 0ss.
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Aspects

Entry of water

Centrifugal head
imparted

Discharge
Speed confrol

Tendency of the
wheel to race .

Suitability

Application

FluIQ vieuiiasses= =

Inward flow reaction
turbine

Outward flow reaction
' turbine

Water enters at the oﬁter
penphery, ﬂows 1nward and
towards the centre of the
turbine and discharges at the
outer periphery.

Negatlve (negative centrifugal
head reduces the relative
velocity of water at the outlet).

Does not increase.
Easy and effective.

Nil. The turbine adjusts the .

speed by itself.

Quite suitable for medium
high heads; best suitable for
large outputs and units.

For power projects.

' Water enters at the inner

periphery flows outward an(
discharges _at the outer

periphery.

Positive (Positive centrifugal
head increases the relative
velocity of water at the outlet).
The discharge increases.

Very difficult. . . . .

If the turbine speed increases
the. wheel tends to race; the

turbine cannot adjust the speed '

by itself,

‘Quite suitable for low or
medium heads. '

- Practically obsolete. -
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@ vanes Should be either one more or one less than the number O] EUtae ver===
184-1+4. Advantages and disadvantages of a Francis turbine over a Pelton wheél
Advantages :
The Francis turbine claims the following advantages over Pelton wheel : ¥
1. In Francis turbine the variation in the operating head can be more easily O
eads can be even two.,

2. InFrancis turbine the ratlo of maximum and minimum operating h | il
The operating head can be utilized even when the variation in the tail water level is relatively

3

large when compared to the total head.
4. The mechanical efficiency of Pelton wheel decreases faster with wear than Franc1.s tur?nne
5. The size of the runner, generator and power house required is small anc? economical if the |

Francis turbine is used instead of Pelton wheel for same power generation
Disadvantages/Drawbacks :
As compared with Pelton wheel, the Francis turbine has the following drawbacks/ shortcomings

1. Water which is not clean can cause very rapid wear in high head Francis turbine.

The overhaul and inspection is much more difficult comparatively,

Cavitation is an ever-present danger.
The water hammer effect is more troublesome with Francis turbine.

If Francis turbine is run below 50 percent head for a long period it will not only lose is
efficiency but also the cavitation danger will become more serious,

2
3
4.
5

!
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Differences between Francis Turbine and Kaplan Turbine :
1 T

A

Francis turbine

Radially inward or

Horizontal or vertical
Runner vanes are notf

Large, 16 to 24 blades

S.No. Aspects
1. Type of turbine
mixed flow.
v 3 Disposition of shaft
3. Adjustability of runner vanes
! adjustable.
4. Number of vanes

0 0 o

Resistance to be overcome

Large, (owing to large
number of vanes and

L
I
|

— Kaplanturbine )

e

10
1}

Partially axial flow. |
’,

Only vertical. _
Runner vanes are adjustable,

Small 3 to 8 blades

Less (owing to fewer numbe,
of vanes and less wetted ares)

greater area of contact :
with water) | ,
Head Medium(60mt0250m) | Low (up to 30 m)
Flow rate | Medium Large ‘ j
Specific speed 50-250 250-850 |
Type of governor Ordinary Heavy duty : {
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