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Title of the Course: Fluid Mechanics and Hydraulic Machines
Category: PC
Semester: IV Semester
Course Code: 24AMEC42T
Branch/es: Mechanical Engineering
Lecture Hours Tutorial Hours Practice Hours Credits
3 - - 3

Course Objectives:

To impart the knowledge of fluid statics and kinematics.

To gain knowledge on fluid dynamics.

To understand the Hydro Electric power plant and importance of impact of jet on vanes.
To familiarize about different types of turbines and their performance characteristics.
To acquire knowledge on pumps and their performance characteristics.
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Course Outcomes:

At the end of the course, the student will be able to

Solve the problems on properties of fluids under static and kinematic conditions.
Calculate the properties of fluids and losses in pipes under dynamic conditions.
Calculate the force exerted by the jet on vanes at different positions.

Solve the problems on performance parameters of different turbines.

Calculate the performance of the different types of Hydraulic Pumps.
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Unit 1 Fluid Statics & Fluid Kinematics 10
Dimensions and units: physical properties of fluids- specific gravity, viscosity, Newton's law of
viscosity and surface tension vapour pressure - atmospheric gauge and vacuum pressure —
measurement of pressure Piezometer, U-tube and differential manometers — Buoyancy (elementary
treatment).

Fluid Kinematics: Stream line, path line, streak lines and stream tube, classification of flows-steady &
unsteady, uniform & non uniform, laminar & turbulent, rotational & irrotational flows. Equation of
continuity for one dimensional flow.

Unit 2 Fluid Dynamics & Closed Conduit Flow 08
Surface and body forces —Euler’s and Bernoulli’s equations for flow along a stream line, Applications
of Bernoulli’s equations- Measurement of flow: Pitot tube, Venturi meter and orifice meter.
Momentum equation and its application on force on pipe bend. Vortex flow-Free and forced
(Elementary Treatment).

Closed Conduit Flow: Reynold’s experiment- Darcy Weisbach equation- Minor losses in pipes- pipes
in series and pipes in parallel.

Unit 3 Boundary Layer 08
Introduction, momentum integral equation, displacement, momentum and energy thickness,
separation of boundary layer.

Hydrodynamic force of jets on stationary and moving flat, inclined, and curved vanes, jet striking
centrally and at tip, velocity diagrams, work done and efficiency, flow over radial vanes.




Unit 4 Hydraulic Turbines 10
Classification of turbines, impulse and reaction turbines, Pelton wheel, Francis turbine and Kaplan
turbine-working proportions, work done, efficiencies, hydraulic design —draft tube theory- functions
and efficiency.

Performance of Hydraulic Turbines: Geometric similarity, Unit and specific quantities, characteristic
curves, governing of turbines, selection of type of turbine, cavitation, water hammer.

Unit 5 Hydraulic Pumps 11
Classification of pumps. Centrifugal pumps: Working, work done — manometric head, losses and
efficiencies, specific speed, pumps in series and parallel. Performance - characteristic curves, NPSH.
Reciprocating Pumps: Working, Discharge, slip, ideal indicator diagram.

Prescribed Textbooks:

1. Fluid Mechanics and Hydraulic machines by Dr. R.K. Bansal latest edition November 2023

2. Hydraulics and Fluid Mechanics including Hydraulic Machines by Dr. P.N. Modi and Dr. S.M. Seth
latest edition January 2019

Reference Books:

1. D.S. Kumar, Fluid Mechanics and Fluid Power Engineering. Kotaria & Sons — 2013 edition

2. D. Rama Durgaiah, Fluid Mechanics and Machinery. New Age International, 1st edition — 2002

3. Banga & Sharma, Hydraulic Machines. Khanna Publishers.

4. James W. Dally, William E. Riley, Instrumentation for Engineering Measurements. John Wiley &
Sons Inc, 2™ edition — 2010

Web Resources:
https://www.youtube.com/watch?v=whCu4XI13m98

https://www.youtube.com/watch?v=DW4r1tB20h4
https://www.youtube.com/watch?v=GgVCTNCwfQk
https://www.youtube.com/watch?v=GQHCnWI2U6I
https://www.youtube.com/watch?v=LCzIlkOVDVQc
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526 POWER PLANT ENGINEERING

15, The cost of land is not a major problem since the _uu.&.a.&@qm.mo stations are situated away
from the developed areas.

Disadvantages :
1. The initial cost of the plant is very high.
2. It takes considerable long time for the erection of such plants.

3. Such plants are usually located in hilly areas far away from the load centre mun_ as such
they require long transmission lines to deliver power, subsequently the cost of transmis-
sion lines and losses in them will be more.

4. Power generation by the hydro-electric plant i3 only dependent on the quantity of water
available which in turn depends on the natural phenomenon of rain. So if the rainfall is in
time and proper and the required amount of can he collzcted, the plant will function satis-
factorily otherwise not,

.

m.&\ SELECTION OF SITE FOR A HYDRO-ELECTiliC PLANT

The following factors should be considered while selec ting the site for a hydro-electric plant :
, 1. Availability of water . + 2. Wate: storage
V2 3. Water head ) 4, Accessibility of the site
\ 5. Distance from load centre 6. Type of the land of site.

\{ \ 1. Availability of water :
~ ~ s . The most important aspect of hydro-electric plant is the availability of water at the site since
P X all other designs are based on it. Therefore the run-off data 4t the proposed site must be avaijable
/ before hand. It may not be possible to have run-off data at the vaboa& site but data concerning the
: . rainfall over the large catchment area is always available. Estimate should be made about the
" average quantity of water available throughout the year and also about maximum and minimum

/..5 quantity of water available during the year. These details are necessary to :

(i) decide the capacity of the hydro-electric plant,

(i) setting up of peak load plant such as steam, diesel or gas turbine plant and to,

(2if) provide adequate spillways or gate relief during the flood period. =

" 2. Water storage :

Since there is a wide variation in rainfall during the year, therefore, it is always necessary to
store the water for continuous generation of power. The storage capacity can be calculated with the
help of mass curve. Maximum storage should justify the axun_.&nﬁw on the project,

The two types of storages in use are :

(i) The storage is so constructed that it can make water available for power generation of one
year only. In this case storage becomes full in the beginning of the year and becomes empty at the
end of each year.

" (i) The storage is so constructed that water is availavle in sufficient quentity even during
the worst dry periods.

3. Water head :

In order to generate a requisite quantity of powar it is necessary that a large quantity of
water at a sufficient head should be available. An increase in effective head, for a given output,
reduces the quantity of water required to be supplied to the turbines..

-

HYDRO-ELECTRIC POWER PLANT 521

4. Accessibility of the site :

The site where hydro-electric plant is to be constructed should be easily accessible. This ix -
important if the electric power generated is to be utilised at or near the plant site. The site selected
should have transportation facilities of rail and road.

5. Distance from the load centre :

It is of paramount importance that the power plant should be set up near the load centre ; this
will reduce the cost of erection and maintenance of transmission line.

6. Type of the land of the site: *

The land to be selected for the site should be cheap and rocky. The ideal site will be one where
the dam will have largest omr.:_amnw area to store water at high head and will be economical in
construction.

The necessary requirements of the foundation rocks for a masonry dam are as follows :

(i) The rock should be strong enough to withstand the stresses transmitted from the dam
structure as well as the thrust of the water when the reservoir is full.

(i) The rock in the foundation of the dam should be reasonably impervious. (Abes ndt

(izi) The rock should remain stable under all conditions. mm.mh\@
VA

ESSEN ; AL FEATURES/ELEMENTS OF HYDRO-ELECTRIC POWER -..rbz._./
The following are the essential elements of hydro-electric power plant :

1. Catchment area 2. Reservoir

3. Dam } 4, Spillways

5. Conduits 6. Surge tanks

7. Primemovers 8. Draft tubes. o

9. Powerhouse and equipment.
Fig. 6.1 shows the flow sheet of hydro-electric power plant.
The description of various elements of hydro-electric plants is as follows :

6.5.1. Catchment Area Wi

The whole aréa behind the dam draining into a stream or river across which the dam has
been built at a suitable place, is called catchment area.

6.5.2. Reservoir .

The water reservoir is the primary requirement of hydro-electric plant. A reservoir is employed
to store water which is further utilised to generate power by running the hydraulic turbines.

A reservoir may be of the following two types :

1. Natural 2. Artificial
A natural reservoir is a lake in high mountains.
An artificial reservoir is built by erecting a dam across the river.  _

Water held in upstream reservoir is called storage whereas water behind the dam at the
plant is called pondage.

6.5.3. Dam

Adam is a barrier to confine or raise water for storage or diversion to create a hydrauliz head.
An hydro-electric dam diverts the flow from the river to the turbines and usually increases the head.
A reservoir dain stores water by raising its level.
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530 Hvodaw E.>z._. LNGINEERING
- Ifvalley is wide and foundation is weak Buttress dam
For any width of valley with good foundations Steel dam
For any width of valley with any foundation Timber dam
and low height of water to be stored
Tor wide valley with gentle eide slopes Earth dam or rock 1 dam.
3. Permeability of foundation material
When uplift pressure exerted on the base of Arch dom
the dam is excessive
When the foundations are pervious Earth dam -

In addition to these factors the following points should also be given consideration,
(i) Suitable site for locating spillways sometimes affects the selection of the type of a dam.
{é7) The availability of construction material may sometimes dictate the choice,

It may be mentioned that in general the most psrmanent and safe dam will be found to be
most economical one.

Description om dams

A Fill'dams :

1, Earth dams. For small projects, in particular, mmB constructed of earth fill or embank-
ment are commonly used. Because of the great volume of material required, it is imperative that the
fill be obtainable in the vicinity of dam site. ;

+

Fig. 6.2. Earth dam,

The earth dams have the following advantages: -
(i) It is usually cheaper than a masenry dam.
(ii} 1t is suitable for relatively previous foundation,
(if) It blends best with the natural surroundings.
(v} It is the most permanent aam of construction if Eoﬁesm from corrosion.

Disadvantages of the earth mmE are:

(£) 1t has greater seepage losses than most other types of dams.

(i) Since thiy type of dam is not suitable for a spil:way structure, therefore it requires a
supplementary spillway.

- (£if) It is sulject to possible destruction or serious damuage from mamau by water either over-
fopping the mmB or seeping through it,

OO0 00 Q0000000000000 0
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. Following are the caitses of fatlure of earth dams :
L Overtopping caused by insnfficient spillway Bumﬁﬁf -
2. Seepage along conduits _&E:mw the dam,
8, Piping through the dam or its foundation.
2. Rocle-fill dams, A rock-fill- dam consists of loose rock of all sizes and has a trapezoidal

shape with a wide base, with a watertight section to reduce seepage. It is used in mountaneous
Iocations where rock rather than earth is available. A rock-fill dam may be destroyed if overtopped

to any great extent, and so it bam% a supplementary spillway of adequate capacity,

B. Masonry &Eaa.

1. Solid nﬂ»ﬁq dams. This type of dam is more massive and bulky than the oﬁ—umu J.Umm
since it depends on its weight for stability. Because of its weight it requires a sound rock foundation.
Tt may be used as a spillway section for a dam of another type on sand or gravel foundations if the
stresses are limited and a suitable cut-off is provided. On a rock foundation the base of a sulid
gravity dam which is 0.7 of the head usually results in a satisfactory and ecoriomical section for
either a bulkhead or spillway section. On an earth foundation the base generally equals the head.

2, Buttress.dam, A buttress dam has an inclined upstream face, so that water pressure
creates a large downward force which provides stability against overturning or sliding. The forces
on the upstream face Are transmitted to o row of buttresses or plers. This type of dam requires only
about one-third the concrete needed for 2 solid gravity dam, but extra cost of reinforcing steel and
framework and the skilled labour needed for the thinner sections may largely offset the saving in
concrete. The relatively thih sections of concrets in a buttress dam are susceptible to damage from
frost and temperature and may require protection or precautionary measures,

Fig. 6.3 and Fig. 6.4 show. typleal buttress dams,

- Jd ) E

Buttrasses

Fig. 6.3. Slab-and-buttress type.

“a
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direction of the fast moving water. In this process the exeess energy of fast Boiumﬂwns. isdestroyed.
The portion between the front vertical face and the lower nappe of sheet of water is filled with
concrete to conform the profile of the spiflway to the lower nappe. This type of construction practically
avoids the development of negative pressures. The section is always designed for maximum head of
water over the crest of spillway.

6.5.4.2. Chute or trough spillway,

Thia type of mmn_?.ww is most guited under the situation when the valley is too nerrow to
accommeodate the solid gravity spillway in the bady of the dam or when the non-rigid type of dam is
adepted, It is called chute spillway because after crossing over the crest of the spillway the water
flow shoots down a channel or a trough to meet the river channel downstream of the dam.

In this nwmo the crest of the spillway is at right angles to the contre line of the trough or the
chute. The crest is isolated from the dam axis. The s,oamr is taken straight from the crest to the
river and it is gererally lined with éoncrete,

6.5.4.3. Side channel spillway

A sida channsl spillway is employed when tha valley is too narrow.in case of a solid gravity
dams and when nenrigid dams are adopted. In non-rigid dams it is undesirable to pass the flood
water over the dam. When there is no room for the provision of chute spillway thia type is adopted ag
it requires comparatively limited space, Thus the situations where chute and-side channel spillways

are required are mostly the aame. The side channel spillway differs from the chute spillway in the .

- sense that afler crossing over the spillway crest, water flows parallel to the crest length in former,

.

whereas the flow is normal to the crest in 'the latter (Fig. 6.7

-

- . A

Fig. 8.7. Side thannel spillway.

To maintain mnsmmmngq flow nab&gum a sufficient longitudinal slope is given to the mam
channel.

'8.5.4.4, Saddle spillway

A saddle spillway may be constructed when conditions are not favourable for any of the te types
mentioned above. There may be some natural depression or saddle on the periphery of the réfervoir
basin away from the dam as shown in Fig, 6.8, The %uuomusu may be used mm.M spillway. It js

00.00-0000000 000000
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essential that the bottom of the depression should be at full reservoir level, For ideal conditions there
should be good ruck formation at the site of a spillway.

: ~5
" Top of dam— Saddle spillway site - -
! / N 1 \ &U
_"w — Free raserveir level m..
! O
_ i 9
“ o
Q. o
: ; g
Profile of basin along its periphery Fe) <&

Fig. 6.8. Saddle spillway.

6.5.4.5. Emergency spillway

As the name suggests this type of spillway is very rarely put into action, Naturally it is not
necessary to protect the structure, its foundation or its dischaige channel from serious damage.

An emergency spillway comes into action when the oceurring flood digchargn excéeds the
designed flood &mn_uﬂm_a .

6.5.4.6. Shaft or glory hole spillway '

The shape of shaft %Esﬁw igjust like a funnel, The lower end of the m_uu& taturned at umE..
angles and then taken out below the dam horizontally, Water spills over the crest, which is circular,
and then enters the- vertical shaft and is taken out below the dam through a horizontal tunnel,
Sometimes the fiow is guided by means of radial piers on the crest of the spillway. It aveids creation
of spiral. flow in the shaft, The piers may ‘be used to support & bridge arcund the nnmmo. The bridge
may be used to connect the spillway to the dam.

6.6.4.7. Siphon wm-Eﬂuw

A m_Esu spillway, ag the name suggests, is designed on the principle of a siphon.

Fig. 6.9 shows a saddle siphon mvﬁia. The crest is fixed at full H.nuoﬁs:. level (FR.L.).
When the water level in the reservoir rises above F.R.L. water starts mﬁnrum over the erest, The step
or a joggle deflects the sheat of water and consequently the lower end is sealed: As the lower end is
sealéd the alr gots mb_n.mvumm in the lower limb, This air is driven out by incoming water completaly.
This process of evacuating and flling the lower limb by water is known as priming. Onee the siphon
in primed water starts flowing out till the level of the water in the nmmmu.,s:. falls below the level of
the upper limb. Usually the lower end of the uppef limb is me;a_oﬁ full resertoir level. It prevents
blocking of the entrance dde to the floating matter such asjco cte. Naturally if thé water is emptied
till the lower end of the upper limb emerges out the useful live storage is lost. To break the siphon
action at proper time, that is when the water Jevel falls to F.R.L., an air vent is provided on the
crown as shown in Fig. 6.9, Thus when the water level falls to F.R.L. air enters'in the lower _EE
through air vent and siphonie action is broken or stopped.
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While selecting the number of penstocks to be used for supplying water to the »E&Emu the
following points need be considered :

{a) Operational safety.As far as possible a single pensteck should not be used for supplying
to different turbines for generating power because any damaga to this penstock would mean shut
down of the entire set of turbines,

{6} Economy. From view point of econnmy, if the length of penstock required is short then
one penstock each may he provided to the turbines, howaver for longer penstocks a single penstock
or a8 few penstocks as possible may be used.

{c) Transportation facilities. The penstock size should be so gelected that it is easily trans-

ported from one place to another. .

(iii) Penstock materiels and their suitability ;

— Reinforeed conerete penstocks are suitable upto 18 m head as greater pressures cause
rapid deterioration of concrete exposed to frost action.

~— Wood-stave penstocks are used for heads upto about 75 m and consist of treated timbers
laid side by side to forma nwrun_mn held together by the steel hoops. The size and spacing
of the hoops on a wood-stave pipe ang the um_&.c_.nam steel in conerete increase with the
head.

— Steel penstochs con he mammwuam for any head, with the thickness vazying with the pres-
sitre and diameter, The mitimum thickness of steel plate iz used for heads upta 45 m ;
for lower heads it may be more economical to use wood cr concrete pipe rather than mnaa

‘The strength 2.. a penstock ean be expressed as the horse power it can carry. Since the size ofa
pipe depends on the flow, the product of head and flow determines both maximum stresses and
power. R

- High pressure penstachsare fabricated in 6 to 8 m lengthis for mountaneous regions where
transportation ig difficult, The manheles give access to the interior of the penstocks for
inspection and maintenance, Welded foints are preferable to riveted ones because of the

+ higher friction losses in the laiter, Steel penstocks are usnally given protective coatings in
the shop and after erection.

~ Penstocks are genorally supported by concrete piers or cadles, hlthough they may be laid

on or in the ground. A bridge or trestle is used to carry a penstock across a narrow defile. -

Anchors on steep grades support the weight of the fill penstock and also taka the thrusts
from water pressure acting at angles in the pipe. It may be cheaper to niry small pipes,
while penstocks are semctiraes covered to protect them from rock or snow slides, prevent
freezing, or eliminate expansion joints. Buried penstocks are subject Lo corrosion, which
can be eliminated or atleast greatly reduced by cathodic profection which prevents elec-
trolysis from wngnﬁum the metal. Exposed penstocks last ?:mﬁ. and are more accessible
for inspeciion and maintenance.

© G.5.6. Surge Tanls .

A Ew.mn tank is a small reservoir or tank in which the Ennma level m_,unu or falls to reduce the
pressure swings so that they are not transmitted in _En to o elosed cireuit. Tn'goneral n surge tank
serves the following purposes !

1. To reduce tha distance between the free water surface and turbine thereby reducing the
water-hammar effact (thewater hammer is defined as the change in pressare EE&% hBovear below
normal pressure eaused by sudden changes in the rate of water flow through the pipe according to
the demand of prime mover) en penstock and also protect upstream tunanel from high pressure rises.

2. To serve ag a supply tank to the turbine when the water in the pipe is accelerating during

increased load conditions and as a storage tank when the watar is decelerating during reduced toad
conditions,
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The different types of surge tanles in use are:

1. Simple surge tank

2. Inclined surge tank

3. The expansicn chamber and gallery type surge tank

4, Restricted orifice surge tank

5. Differentiai surge Lank,

1. Simple surge tank, A simple uﬁqé tank i3 a vertical stand pipe connected to the penstock
as shown in Fig, 6.10. In the surge tdnk if the overflow is allowed, the rise in pressure can be
eliminated but overflow surge, tank is seldom sutisfuctory and usually uneconomical. Surge tanks are
built high efiongh go'that water cammof ovetflow even with a full load change on the turbine. It is
always desirable to place the surge tank on grond surface, above the penstbck line, at the point
where-the latter drops rapidly to tho power house as shown in Fig. 6.10. Undér the circumstances
when suitabla site for its lecation is not available the haight of the tank should be increased with the
help of & support.

I

Dam

ﬂ.mwmozow Teve! q" Surge tank

Hydraufic gradient e
Tunney

Power
house

Fig. 6.10. Surge tank on ground level.

2. Inclined surge tank. When a surge tank is inclined (Fig. 6.11) to the horizontal its effec-
tive water surface fncrenses end therefore, lesser heishtsurge tank is required of the same dinmeter
ifit is inclined or lesser diamater tank is requived for the snme height. But this type of surge tank is
more costlizr thun ordingry type as construction is difficult and is rarely used unless the topographi-
cal cenditions ere iia favour,

Inclined surge
tank

.v\l GConduit
Mv . Conduit . nw

Fig. 6.11, Inclifed surge tank.
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Properly designed, the two gmm. are about equally efficient, over 85%.

(i) Conical type. The conical type is generally used on low-powered unils for all specific
speeds and, frequently, on large high-head units. The side angle of flare ranges from 4 to 6%, the
length from 3 to 4 times the diameter and the discharge area from four to five times the throat area.
Fig. 6.15 shows a straight conical draft tube,

Fig. 6.16. Straight conieal draft Lube,

{ii} Elbow type. The elbow type of tube is now used with most turbine installation. With this
type the vertical pertion begins with a conical section which gradually flattens in the elbow section
and then discharges horizontally through substantially regular sections to the tailrnce. Most of the
regain of energy takes place in the vertical portion, very little in the elhow section, which is shaped
to deliver the water to the hofizonts] portion so that the regain may be efficiently compléted, Fig, 6.16
ghoivs an elbow type draft tube. One or two vertical piers are placed in the horizontal portion of thé
tube, for structural and hydraulic reasons. '

Small conical tubes are sometimes made entirely of steel plate. Moat tubes are mads of concreta
with a steel-plate lining extending from the upper end to a poiht where the velocity has beer:
sufficiently reduced (say 5 m/s) to prevent ercsion of the concrete. Sometimes the liner is carried
around the elbow. Pier noses are also lined where necessary to prevent erosion for structural reasons,

Fig. 6.16. Elbow, type draft tube,

6.5.9. Power House and Equipment )
. A power house should have a stable structure and its layout should be such that adequate
space is provided around the equipment (such as turhines, generators, valves, pumps, governors
ete.), so that the dismantling and repairing may be eastiy carried out.
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A power house, mostly, comprises of the following sub:divisons :

1. The substructure. This part of the pewerhouse extends from top of generator to the soil
or rock and houses most of the genérating equipment, In cage of Franels and Kaplan turbines the
substructure not only accommodates varions equipment but draft tube as well.

2. Intermediate structure, It is that part of the structure which extends from the top of the
draft tube to top of generator foundation.

3. The superstructitre. This part of the structure lies above the generator level. It houses
mostly the cranes which handle the heavy equipment in the substructures.

Following important equipment may be provided in a power house -

() Hydraulic turbines (i) Electric generators .
(itf) Governors (iv) Gate valves
{v) Relief valves (vi) Water tirculating pumps
{vii) Flow measuring equipment (vitd) Air duet -~
(ix} Water cireulating pumps (x) Switch board equipment and instruments
{xi) Oil cireuit breakers . . (xii) Reactors
{xifi} Low tension and high tension bar (xfv) Storage batteries

(xv) Cranes.
Regides the above important equipment shops and offices are also provided in the' power
house. , “

m.m\ CLASSIFICATION OF HYDRJ-ELECTRIC-POWER PLANTS. .

Hydro-electric power stations may be classified ag follows :
A. According to aveilability of head
" 1, High head power plants

2. Medium head uo.smn.u_munm
3. Low head power plants .
B. According to the nature of load

" 1. Base load plants
2. Peak load plants
C, Accordingly to the quantity of water available
1. Run-of-river plant without pondage

" 2. Run-of-river plant with pondage

3. Storage type plants
4, Pump storage plants
5. Mini and micro-hydel plants
A, According to availability of head
The following figures give a rough idea of the heads under which the various types of plants

work ;
() High head power plants 100 m and aliova
(i) Medium head power plants 30 to300 m
(3i) Law head power plants 25 t0 80 m.

Note. It may be nated that figures given above overlap each other, Therefore it is difficult to classify the
plants directly on the basis of head alone, The basis, therefora, technically adopted is the spesifis speed of the
turbine used for a particular plant.
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546 “ POWER PLANT ENGINEERING
these plants may cater to base load of the system, when flow reduces th .

D : 2 1 i they may supply the peak
demants. Head Enmn__..m?cnnea for plant _,.HEE&&.. with the flow conditions. These %Wﬂw__..m ﬁmwﬂaﬁ
ﬂm..wmm may moaomc.umm be made 8. supply the base load, but the firm capacity depends on the
minimum {low of river, The run-of-river plant may ba made for load service with pondage, thouph
storage is usually seasonal, : ’

6.6.7. Run-of-river Plant with Pondage

waamnmm nsually refers to the collection of water behind a dam at the plant and increases the
stream capacity mE.. a short period, say a week, Storoge means collection of water in up stream
reservoirs and this increases the capacity of the stream over an extended period of several months,
Storage plants may work satisfactorily as base load and peak load plants, :
) _Hﬁ: type of plant, as compared to that without pondage, is more religble and its generating
capacity is less dependent on the flow refes of water available,
6.6.8. Storage Type Planis
A storage type plant is one with a reservoir of sufficiently large size to i
I 4 permit carry-over
mSBu.o %.on_. the wet reason to the dry reason, and thus to supply firm flow substantially more than
the minimum nmnﬁw_ flow. This plant can be tsed as base Joad plant as well as peak load plant as
water is available with control as required. The majority of hydro:electric plants ara of this type.

,\ 6.9, Nﬁﬁwnw. Storage Planfs
Refer Mg. 6.20. _

" Pewer houss with
pumps & turbines

Fig. 6.20. Pumped storage plant. L

wﬁﬂumﬂm u»m-.m.mm plants are employed at the places where the quantity of water available for

power mmum.nw:ou. is inadequate. Here the water passing through the turbines is stered in %ail race

pond". During lov load perieds thi# water is pumped back to thé hesd reservoir using the extra

energy available. This water can be again used for generating power during peak load periods.

Pumping of water may be done seasonally or daily depending upon the conditions of the site and the
natura of the load on the plant. .

) mna_m plants are m_unn«? interconnected with steam or diese] engine plants so that off'peak

Suw_unw of intzrconnecting stations is used in pumping water and the same isused during peak load

periods, Of ‘course, E.n exergy available fram the quantity of water puihped by the plant is less than
<the energy input during pumped operation. Again while using pumped water the power available is

. w&:nm.&..on.ngosua of losses occuring in primemovers,

w -

O
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HYDRQ-ELECTRIC POWER PLANT uﬁq P
: Advantages. The pump storage plants entail the following adventages : ’
" 1. There is substantial -increase in peak load capacity of the plant at comparatively low
capital cost. : .
.u 2. Due t6 Joad comparable to rated load on the plant, the v{mrating efficiency of the plant is
high, '
3. There i3 an improvement in thae load fector of the plant.
4. The energy available during peak load perieds is higher than that &6f during off peak
periods a0 that inspite of losses incurred in pumping there is over-all gain.
5, Load on the hydro-electric plant remains uniform,
6. The hydro-electric plant becomies partly independent of the stream flow conditipns.
Under pump storage projects almost 70 percent power used in pumping the water can be
recovered. In this field the use of “Reversible Turbine Pump” units is-also worth noting. These units
can be used as turbine while generating power and as pump while pamping water to storage. The
generator in this case works as motar during reverse operation, The efficiency in such case is high
and almost the same in hath the eperations. With the use of reversible turbine pump sets, additional
capital investment on punip and its motor can be saved and the scheme can be worked more
econdmically. ’

6.6.10. Mini and Microhydel Plants
In orderto meet with the present energy crisis partly, a solution is to develop mini (3m to

”
-

20 m head) and micre (less than 5 m head) hydel potential'in our country. The low head hydro-

potential is scattered in this country and estimated potential from such sites could be a8 much as
20,000 MW:

By proper planning and implementation, it is possible to commission a small hydro-generat-
ing set up of 6 MW with a period of one and half year against the period of a decade or two for large

capacity power plants. Severalsuch sets upto 1000 kW each hitve been already installed in Himachai
Pradesh, U.P., Arunackal Pradesh, West Bengal and Bhutan. s
To reduce the cost of micro-hydel .wﬁmonm than that of the cost of conventional installation
the following considerations are kept in view : i
1. The civil engineering work needs to be kept to a minimum and desighed to fit in witk
already.existing structures &3, irripation, channels, locks, small dams ete.
2. The machines need to be manufactured in a small range of sizes of simplified desigi,
allowing the use of unified tools and aimed at reducing the cost of menufactore.
-3. These installations must be automatieally controlled to reduce attending persennel.
4, The equipment must be simple and Tobust, with easy accessibility to essential parts for
) maintenance, .
¥ 5. The units must bé light and adequately subassembled for ease of handling and transport
and to keap down erection and dismantling costs.
Micro-hydel plants (miero-stations) make use of standardised bulb sets with unit output rang-
ing from 100 to-1000 kW working under heads between 1.5 to 10 metres.

6.7. HYDRAULIC TURBINES

A hydraulic turbine converts the potential energy of water into mechanical energy which int
turn is utilised to run an electric generator to get electric energy. )
6.7.1. Classification of Hydxanlic Turbines

The hydraulic turbines are classified as follows :
(i) Aecording to the head and quantity of water available.

‘ . )
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