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I PART A
1 {111 1 a) Specific Weight is defined as the weight per unit volume.
b} Spemf:c Gravity of a liquid may be defined as the ratro of
2 3
specific weight or dencrh,' of hquv‘ to spec:‘:c Me*g. it or density of
pure water at 4°C. '
2 (2112 {2 Different types of Mou_t_h pieces.
a)External cylindrical M'o(j_t'_hp'iece |
_b}internal mouthpiece r'unni_n'g_free : 5 3
'c)Convergent mouthpiece -
d) Convergent divergent mouthplece
3 1311 2 a) Depending on the shape of openmg Rectangular and tnangular .
notches are named.
b) Both Notches are often used in water supply, waste water and
1 sewage systems ' 5 3
¢) Head of Rectangular Notch is parabohc and that of v notch is
linear. N
d} Triangular notches gives more accurate resutts for iow drscharge
than rectangular notches
4 1322 4 a) Surge tank L
The major function of the “surge tank” is to
. It is placed as cl_o_se to the turbing
.asp le. ' Lo
b) Penstock. 2 3
The penstock is used to
his is the main part of the
micro hydro as it converts the potential energy of the watet]
5 1422 3
2 3
every pomt the ﬂow is non-uniform.
i1 B PART B
1 (123 1
It is common y measured with a barometer. 6 10
Gauge pressure i




Gauge pressure is posmve for pressures above atmospherlc pressure
and negative for pressures below it., - SIS
It is commonly measured by instruments called gauges

The gauges are cahberated to read atmospherrc pressu1e at Z€10, -

mark.

Absolute pressure = Gauge pressule + Atmospheuc pl essure |

1.2.5

| Mangometers: Manometers are the pressure measurmg devrces which
are based on the principle: of balancmg the column of the liquid (whosel -

'manometers are further classmed as -

: . (2) Utube ManOmetEr S
| '(3) Singte column Manometer, Slmp!e manometers are those whrch

| measure. the pressure at a pornt ina flurd contalned ina plpe or vessel.

| (3) single column Manometer.

R Thrs is the simplest form of manometer for ms '

| tube above that point which can be read on the scale attached foit. .

' surface of liquid is exposed to the atmosphere As the air will be.

The pressure of the fluid can be measured by certain de\nces and they
are broadly classified in to (a) Manometers -
(b) Mechanical gauges. . - :

pressure is to be found). by the same or another co!umn of liquid. The

{a) Simple Manometers . R

(b) Differential manometers AR L

Simple manometers are those which measure the pressure ata pomt
in a fluid contained in a pipe or vessel ’

A srmple manometer consists of a g!ass tube one end connected to the
gauge point where the pressure is to be measured and the other end
exposed to the atmosphere o -

(1) Puezometer

(1_) Piezometer- (2) U_.tub.e Manometsr-

Piezometer:

.suriné moderate
pressures. R

it consrsts ofa glass tube in whlch the liquid can rrse wrthout over
flowing. -

The tube is rnserted in the p:pe ora vessel whose pressure lS to be
rneasured _

The pressure head is mdrcated by the herght of the hqurd in the end the

The p!ezometer is meant for measurmg gauge pressures only as the
entering through the tube piezometer tube is not suitable for

measuring negative pressures The size of the tube shoufd not be less
than 10 mm to avord error due to a water is capr!larrty actlon '
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An orifice is an opemng made in the side or bottom of tank
having a closed perimeter, through which the fluid may be
discharged in such a way that the liquid surface is always above

the top edge of the opening . The orifice is one of the devices to
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measure the rate of flow of liquid.

TYPES OF ORIFICES

Generally the orifices are classified according to their (1) size
(2) shape (3) According to shape of the edge

4) Accordmg to the nature of the d:scharge L

Under the conceptlon of size, they are divided as small and large
orifices.

- (2) Accordmg 0 shap o
(a) Circular (b) Rectangular (c) Trlanguiar

(3) Aecordmg to shane of the edg_

'(a) Sharp edged (b) Square edged
(¢) Bell mouthed
(4) Accordmg to the nature of the drscharge

| (a) F ully submerg,ed(b) Partlaiiy submerged

A mouthpiece is a short tube f tted to a mrcular orlﬁce provided
in the vessel such that it projects: towards outside or inside. :

By ﬁttmg the mouthpiece of Jength, ‘about two to- three time the -

diameter the dlscharge through the orifice may be increased.

The mouthpxece ‘may have different shapes like. cylmdrlcal
convergent and dnvergent Wthh is - attached externally to an
orifice. o v

' TYPES OF MOUTHPIECES

1 They can, be classzﬁed accordmg to the posmon of the mouth—-
_ preces R : :

@) Eyfemai mout‘}pi'ejnj,fe. (b) Internai moufhbiece.
1. Accordmg to the shape of the mouthpiece.

(a) Cylindrical mouthpiece.

(b) Convergent mouthpiece.

(c) Convergent, divergent mouthpaece

(d) Divergent mouthpiece :

111, According to the discharge condition.

.(a) Mouthpiece running full.
(b) Mouthpiece running free.

If the diameter of jet of the liquid from the mouthpiece is of same
diameter as that of mouth piece it is said to be Mouth piece




| made divergent. ‘Such a mouth piece is called convergent

‘_(e) Divergent mouth ptece In thlS mouth plece 1s gradually
' dlvergmg 1o ehmmate loss of € energy -

running full, If the jet emerging from the mouthpiece does not

touch the sides of the mouth pxece xt is said to be mouthplece
runmng free. . . SR _ _

(a) External Mouthptece

When the tube is fixed extemally to the orlﬁce 1t is called Exter

nal mouth piece. -

(b) Internal mouth piece: If the tube is ﬁxed mtemally msuie the
tank it is known as internal mouth plece It 1s also calied Re
entrant or Borda's mouth piece.’ ' :

(c) Convergent mouth piece A' convergent mouth piece is one
which is made to conform to the shape of the jet upto vena
confracta. This is in the shape of a frustum of a cone '

(d) Convergent, dlvergent mouth piece: T he mouth plece is made
convergent upto vena contracta and beyond vena contracta it is

dlvergent mouth plece

. 2.3.'1_'; )

“| {b} Reaction turbines :
| (a) The impulse Turbine is one in whlch the avallable potent;ai head is

-}a)Turbmes are machmes ‘which - convert hydraulrc energy mto
' mechamcalenergy Accordmg to hydrauhc actlon '

the turbmes are mamly classnfted as
{a) !mpulse turbines '

- converted into kinetic energy by passmg water through a nozzle
under atmosphenc pressure The jet of water. commg through the
'nozzte strlkes the blades of the runner, After. water domg its work,
it is dlscharged into open tail race. In this type of turbine water

flows only on some part of the penphery of the turblne and that is
why the pressure in the turbine is only atmospherlc

Example of tmpuise Turbine: Pelton wheel. .

(b) Reaction turbines. - ' :
The water'is supplied to the turbme in large quant|ty under pressure
with some velocity. The pressure at the infet to the turbme is more
than the atmospheric pressure. : SRR SRR :
The pressure and velocity energies of water are converted mto
mechanical energy by the turbine. .- T

Since the flow from inlet to tail race is under pressure an air t!ght
casing is absolutely necessary to enclose the turbine. -
Vacuum pressure is created in these turbines due to which it is nof
possible to leave the water into tailrace directly.
For releasing the water into tail race, a suitable draft tube is necessary
which gradually increases the pressure to the required level.
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,Examp_!e:._i:rancis Turbine, Kapi'an'turbine

311 For rectangular notch:
Length of the notch L = Im
Depth of water H=25cm=0.25m
Co-efficient of discharge Ca = 0.60
Discharge through the notch
Q=2/3xCaxLxV2g)x H*
= 2/3 x 0. 60 X lx(\/ (Z2x9. 81)) x(O 25) 320,221 m? /sec.
For triangular notch 3+3=6 10
Given angle of notch 6 = 90degree '
Coefficient ~of. d:scharge Ci=0.55
LetH= depth of water-in the notch .
Usmg the relation Q= 8/15 xCyx V'2g X tan(E) /2) xH
0.221 =8/15x%0.55 xsqrt(2 x 9, 81) X tan 45 XH 2)..
orH(5f2>—~ 017r .
H=4937m: .:4__9.3_7c_m
321
.6 1 10
4.2.0 ‘An open channel is the passage through whlch water is flowmg and the
free surface of water is havmg contact With atmosphere ' 5
“Open’ Cuamels may ‘either be’ natural I;ke streams and rivers of
artlﬁcuai channels built for some specnﬂc purpose llke nawgation,
irrigation and power generation.
Flowing water ‘is.subjected . to- fnctlonal res:stance at ‘the wetted
surface. As the pressure throughout is atmospheric the head causing
flow will be entlrely due to the slope of the channei B
Hence the head due to the slope of the chann_ei wm be lost in 6 10

overcoming the frictional resistance of the Slde

(a} Depth of flow {y}: it is the vertical distance between the lowest

- point of the channel section and the free surface. .

(b) Wetted perimeter (P} :l t is the perimeter in contact wrth the liguid.

(c) Wetted area (A): It is the cross-sectional area of the channe
normal to the direction of the fiow,

{d} Top width {T): It is the width of the channel section at the free
surface.




{e) Hydraullc depth (D): lt is. the ratro of wetted area to top wadth
D =A/T . . _

I11.
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.ThIS meter also works on the same prmcsple _as Venturl meter. The loss

RHES piate wath an’ orif':ce wh;ch IS flxed between the ﬂanges in'a pipe hne :
o -The pressure dlﬁerence is measured between two sectrons, ong .-
| upstream of the plate and the other downstream of the plate. The
| ratio ‘of’ ornf:ce o the pme dsameter is between 04 and 0.8 and g
' usua!#y it is kept at 0 5 : :

PARTC

wuwmﬁhm-wm—jv»mmmmuhm

A snmple Pltot tube is a glass tube bent at nght angles at one end The
bent end is placed in the ﬂowmg ilqu:d such that it faces the mot|on of
the stream, The Pitot tube is used for measurement of ve!oc:ty in open

to: 'pressure head
an be understood

{ |scharge through a prpe

The ‘device conSists ofa

_ channeis streams and rivers, Consider a. ‘point A on any stream ling| -
' ;.where the veiomty is. V. _;-A' the hqund stnkes the P "_nt__B m Pltot tube _

10

1.3.10

1 Let Po- stat:c pressure in the un chsturbed ﬂow at A

discharp.e of a ﬂowing quuid'usin'g' pitot tu'be -

Vo= velocrty atA _ .
Ps = stagnatlon pressure at B

Applymg Bernoulh 5 equatlon to the pomts A and B whlch arein the
same line. . .
( Po/W)"‘ (Ve?/2g) +0 = (Ps/w)+o+o (as 7= 22 = 0)

(Vo'/2g) =(Ps/w)- (Po/w)
VoN2g x {(Po/w)- (Po/w))

If {Ps/w)= (Po/w) =h

10
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'p: = pressure Bt SECthﬂ 1

', Appiymg Bernoulll 5 equataon at sectlons 1 and 2

Joras o
: ((p;/w)+zl} ((pz/w)+22) (vz2/2g) (v12/2g) —h

Vo=V 2gh

discharge of a ﬂowing liquid using orifice meter

Let ‘a;=area of the pipe as section 1
vi= velocity of liquid at s'ection 1

leta 2,\./2 and Pz are correspondmg values at sectlon (2) in orlfnce
(pa/W) + (v12/2g) +u= (pz/W) + (v12/2g) to - f

ifO, is the dlscharge Q"K {a 32/\I(a1 —a; )) x \I 2 g h

where l( is the co efﬁcrent of the meter

1 IV,

135 .

The Bemoulhs theorem can be stated that for steady fiow - of
jfrlcttonless mcompre55|ble Ilqusd the total energy of a partlcle remamé
o constant at every pomt in 1ts path ofﬂow : . :

: The followmg assumpt:ons have been made in the derwation of

' 1 (2} The flow is steady and continuous.

Fiow of Liquids Bernoulii's equation. -
(1) The fluid is ideal and incompressible.

(3) The flow is along a stream line (i.e.) it is one dimensional.
{4) The velocity is un!form over the sectlon and is equal to mean
velouty

(5)No externai force except the gra\ntatlonai force is actmg on the
|I(I|U|d ' :

10




1.3.8

Soiution: Area at the ihlet al=n /4 x 7.5? =;fi£3,.2t8_c__rn2 -
Area at the throat a2= rt/4 X 32 =7.065 cm? o
Venturi head 42 em. BRI L

Q-K (31 32} X \f 2g h'/v{a®~ 322))

<( (44, 13 % 7.065) x V (2 X9, 81 X 42))/\!(44 18%-7. 0652))
=312. 1317 %28, 70/(7 065)
=1267.96 cm? /sec i
=1.267 Its /sec.or
1.267 x 60 = 76 02 its /m:nute

15
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| diameter.

' The cross sect[onal area of the jet at vena co'ntracta is. Iess than the
| area of the Cross sectnon of the or:face s :
The fluid particies before they reach the or;flce have the veloc:ty -

When water flows throw an orifice, the jet of water contracts from the
mouth of orifice upto A dlstance of about. ‘one: haif of the orlflce

This section of the jet beyond Which no- further contracuon takes p[ace
and the stream imes flrst become parallel is known as vena contracta

The ve]oaty at the vena contracta has reached the maxnmum and
hence therewﬂl he nofurthercontractlon S

components ~parallel: 10 the. plane of. the orlf ice. They cannot make o

abrupt changes in the d;rectlon because of |nert|a

They take curwllnear paths and thls causes the contraction of the 3et af

vena contracta

10
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g;ém ' F;Ig. Pelton Wheel
PELTON WHEEL

TAL RACE
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1 Main Component Parts of a pelto“ Wheel
: »(1} Nozzle wath ﬂow reglﬂatmg mEChamsm
1 (2} Buckets a"d_ runner : S

o :>(3) Casmg

B ".(4) Hydrauhc brake

This is the most popular impulse turbine. i works under high heads|
and require small quantity of water.’ Water is. taken to the turbine
through penstock pipe fitted with a nozzle at the end water 'comes out
of the nozzle in the form of a jet. The jet of water issuing from the
nozzle strikes the buckets in the direction tangential to the wheel, The
impact of water imparts a dynamic force to the wheel and the wheel
starts moving. Usually one jet is used The over aII effu:lency of the
turbine is about 84%."

The buckets are. dlwded into hemlsphencal cups by a sharp central
edge which d;wdes the jet into two parts. “The pelton wheel is kept
above the tailrace so. that the buckets do not splash the tail race water.
The water. commg out of the wheel is dlscharged into tall race. A casing

made of cast iron is prowded for pelton wheel to prevent splashmg off -

water and o act asa protectlon agalnst acudents

{5) Deﬂector o

TR R
"Lt o

v
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The ratto of the actua| dlscharge to the theoretlcal dnscharge is known
as the co effucnent of dlscharge o It :

if Cd Co eff:cnent of d|scharge

Qact-— actuai discharge

Quneo =theoretical discharge

ao -area of the orifice

Cd - act/Qiheo o

Q. teo = 30 X ( V2gH) - ' - g
Actual discharﬂe {Qact )= arta.a' arez at vena contracta % actual .
velocity. of the jet.

(Qact)=CcxagxCv v(2gH)

Ca= (Cc xaoxCv} v 2gH))/(a, x V (2gH)
Cd= C ¢ .C v

The value of Cd varies from 0.6 to 0.62 depending up on the size and
shape of orifice and the head of water above the orsf;ce

X

2.1.9

Q= 250/ (1000x50) =5 x 103 'm /sec
Xx=8.2m y=3m H 6m
Cv =V ({x*)/(4yH)) -
=V {{8.2) %)/{4 x 3 x 6.0)} =V{67.24/72)
= 0.965
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Qtheo =2 rea X velocity -

| = (1 /8) x(0.04) x V {2 9, 81 x6 0) —o 00125 X 10 849

—135x10 -3 3/sec

Cd actual dlscharge /theo dlscharge '

_~—(5x10 )/(135x10 ) 0370 -

' Cc- Coefflc:ent of discharge/ Coeff:cnent of velocnty

. 0 370/0 965 0 383

_ Hydraullc co—effrcaents R
_Cc 0383 cho 965 Cd 0370 y

JVIL

_CLASSlFiCATlON OF WElRS

WElR
Aweirisa concrete or masonry structure bu;lt across a stream or nver

to raise water: level on the upstream srde and allow excess water to
flow o the downstream snde : -

rectangular notch, Hence there is no dlfference between a. notch anda

N weir-except the notch is of small size; but the we;r is, of blgger one A

notch is usually made in plate where as welr is made of masonry or
concrete e S - - .

The Weirs are CIassufled as Accordmg to Shape. _
{a) Rectangular weir . '

| (b} Crppolettlc welr

A_ccord__lr__lg to N_atur_e of Discharge: <

(a) Freely discha'r'g'in'g we'ir'- R

(b ) Submerged or drowned weir

Accordmg to the Shape of the Crest.

| (a) S_harpcre_sted weir =

(b} Broad crested weir
{c ) Narrow crested welr

if the llqulcl level on the downstream sade of the weir.is lower than the
crest level, the weir is called Freely Discharging Weir. When the liquid

level on the downstream side is higher than the crest !evel the weir is
called Submerged Weir. .

The condatlons of flow in case of weir are practlcaily same as those of a




: Q_r.n_'ax; 10 mé/sec. ., o
| Cd=0.65 .

_10 1 705 X 0 65 x 12x HBIZ

Given length of the weir L =12 m -

Let H head of water on the upstream side of the weir for maximum
discharge.

Q =1.705 Cqa. L H3/2 '

H=0.826m

10
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| -Hydrauhc turb:nes may be classn‘led accordmg to the followmg factors

(2) Accordmg to Darectlon of ﬂow of water
'-(3) Accordmg to Dlrection of shaft e
1 (4) According to Head

| (5) Accordmg to Specafic speed o

Tur bmes are machlnes which convert hydra uhc energy into mechanlcai
energy, They are usuaily coupled to electnc generators -

CLASSIFICATION OF HYDRAUL!C TURBINES

(1) Accordmg to Hydraulic actlon

10

32,1

_ Accordmg to Hydraullc Action
' Accordmg to hydrau!fc actlon, the turbmes are mamly CIBSSIerd as
: -(a) impu!se turbmes 2y

- (b) Reaction turbmes

(a) The lmpulse Turbine is one in which the available potentlal head ig
converted into klnet:c energy by passing water through a nozzle
under atmospheric pressure. The jet of water coming through the
‘nozzle strikes the b!ades of the. runner ‘After water doing its work
it is discharged into open tail race In this type of turbine waten
flows only on some part of the perlphery of the turbine and that ig

. why the ‘pressure in the turbine is only atmosphenc Exampie 014
Impulse Turbine: Pelton wheef L

(b} Reaction turbines / The water is supplied to the turbine in large
quantity under pressure with some _vel_oc_l_ty The pressure at the
inlet to the turbine is more than the atmospheric pressure)
The pressure and velocity energies of water are converted intQL
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mechamcal energy by the turbine. Srnce the ﬂow from rnlet to tail .. .
race is under pressure an air trght casmg is absolutely necessary g
enclose the turbine. Vacuum pressure is cr__eate_d in these turbines
due to which it is not possible to leave the 'water into tail race
drrectly For releasing the water into tail race, 2 surtable draft tube
.is necessary which. gradually mcreases the pressure to the requrred
level. _
Example: Francis Turbine, Kaplan turbine - -
According to Direction of Flow of Water: =~ . :
(a) Tangential flow turbme In this turbine the flow strlkes the
radrally buckets of the runner tangentrally to the path of
- rotation. Example Pelton Wheel ‘

) the. radraldlrectron S
“The radlal flow may be (1) mward radral flow and (2) out ward
"’radrai flow N R v

(1) In ward radral flow lf water ﬂows from out wards toin- -
» wards radlally the turbme is known as mward radral flow turbine

Example Old Francrs turbme o
t'o outwards the turbme is known as outward flow turbme Water

from the centre, enters the turbme blades through gurde blades e
'_and leaves rad:ally . _ '

' _Example Fourneyron turbme

.(c) Axral ﬂow turbmes ln thrs type the water flows in the drrectron
parallel to the axis of the shaft : -

‘Example Kaplan and propellor turbmes

' '(d) ered ﬂow turbmes ln a mlxed flow turbme the water enters

.the runner in radial dlrectuon and feaves in axiat dwectron Ex. {1} ..
Modern Francis turbme {2) Dariaz turbme The Darraz turbme is
similar to Francis turbine except the. blade angles can be changed
according to gurde blade posrtron o »

o Accordmg to the Drrection of the Shaft

__ Dependrng upon the dlsposrtlon of the shaft a turbme may be
' (1) Vertlcal shaft turbme (2) Horrzontal shaft turbme ;

"_'ln the case of vertrcal shaft turbme, the shaft is vertrcal and runner
horazontal In the case of horizontal shaft turbine the shaft is
horrzontal and the runner is vertical. Generally a vertical shaft
turbine is adopted for large units. .

‘According to Head:

The turbines can be classified according to the head under which

(b) Radial flow turbines: In a radlal flow turblne th}e water strrkes o

I (Z)Out ward radral fiow lf water flows radlally from mwards R




they work. They are
1) High head turbine: When the net head varies from 150 m to 2000 m
or more, itis known as hlgh head turbme ORI

Example Pelton wheel.

{2) Medmm head turbme When the head varies 30m to 150m lt is
enste known as medlum head turbme Example Francis turbme

(3) I.ow head turblne When the head is iess than 30 m |t is known nej
as low head turbme o

Example: Kaplan turbine |

According to Specific Speed :

Specific Speed: Specific Speed of a turbine is the. speed at which turbine
runs under unit head and develops unit power, Accordmg to the

specn‘:c speed of the turb:ne

(a) Low spemﬁc speed turbme When the specn‘lc speed is Iess than 60,

| itis known as Iow specnﬂc speed turbme L

Example: Pelton wh_eel _ |

{b) Medium sp_ecific speed turbine: When the _speéi_f_‘:c speed lies
between 60 and 400 it is kn_own as medium specific speed

Examp!e Francns turbme B

{c}High specific speed turbine : When the specific i is greater than hich
100 it is known as hlgh specific speed turb[ne .

Example Kaplan turbme

IX.

412

he=4 f1vi2gd -

where hi = head loss due to friction
f= co.efficient of friction

I= length of the pipe

V= velocity of flow

g= gravitational constant

d= diameter of the pipe

10

4.1.6

Solution: Given data
d=0.15m §=500m
he =4f | v*/2gd

30 = (4 x 0.01x500 x v?)/{ 2 x 9.81x0.15)
30=(20 x v?)/( 2.943)

10
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~lv=2.10 m /sec.

V2= 4.41

Discharge Q = AV - : -
= (3.14X.15% /4 )X2 10
=0, 037m3/sec

MOST ECONOMICAL RECTANGULAR CHANNEL:

4.1.1
~| The most ‘economical section fora channel is the one whtch gives the
maximum discharge for a given quantlty of excavation. The discharge;
proport:onal to the velocity and area, where as the excavation i
proportlonal to the area, The -proportions of ‘the most economica
section are found by assuming the area to be constant and fmdmg the
depth for max:mum veloe;ty
Q= Av Foragivenarea ~ - -
'Q' is maximum when 'v' is méxim.ﬂm.
v=C xuf(ml) _ '
v IS mammum when m is mammum m A/p
m'is maximum when Pis minimum.
Discharge is maxamum when P is mlmmum
Consudera rectanguiar channel i_etb breadth d depth
b=afd :
Dzscharge Q=AV= A C xV(ml) AC \I(A /P) Now assummg section IS 10
- | constant, the dlscharge is maximum, when P IS mmsmum '
_ _.P b+2d = A/d+2d - _'
"-.'—Ad 1+2cl
For Pto be minimum (d(P))/(d(d)) should be zero
(e ) (d(P))/(d(d)) MA d 2+2
g bd 2(:12 ord= b/2 _
: For maxlmum discharge in rectangular channel d b / 2
m= A/P = {bd)/(b + 2d)
= (2d %)/(2d + 2d) ES
m = d/2
d=b/2
4.2.1. Given data
d=3.6m
 {b=6m_
1 A=3.6X6=21.6m?
P=b+(2X3.6) =6+ 2X3.6)=132m
Slope of bed i=1/1000 15

Chezy's constant = C= 50
Let Q= discharge through the channel,
hydraulic mean depth m=A/P =21.6/13.2 =1.63

Q=AreaX velocity= ACV(mi) = 21.6 X 50v{{1.63) X{ 1/1000))
=43.68 m® fsec, ' : '

Total Time 285 Minutes




