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UNIT -1

Learning Objectives

1. Types of Channels
Types of Flows
Velocity Distribution
Discharge through Open Channels
Most Economical Sections
Specific Energy and Specific Energy Curves
Hydraulic Jump (RVF)
Gradually Varied Flow (GVF)
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Types of Channels

» Open channel flow is a flow which has a free surface and flows due to gravity.

> Pipes not flowing full also fall into the category of open channel flow

> Inopen channels, the flow is driven by the slope of the channel rather than the pressure

[ Open Channel

==

v \4

Natural Channel Artificial Channel
Irregular shape Regular shape

i.e : river, hillsides i.e: drains, culverts
rivulets, tidal etuaries sewer, unnels




TYPES OF OPEN CHANNEL
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TYPES OF FLOWING WATER AND
ITS CONTROL

Open
Channel
Steady Flow

dy
—=0
dt

Uniform Flow

dx

Non-Uniform Flow
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Gradually
Varied flow

e : upstream
of ebstruction
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Rapidly
Varied Flow

ies
hyvdraulic jump

Open Channel
Unsteady Flow

dy #0
dt




Steady
y (depth of water) and v (velocity) remain constant with respect to time

Unsteady Flow
y and v change with time
Uniform

*y (depth of water) and v (velocity) remain constant
along the channel. Figure 2.0

Ax
20 Horizontal A

Figure 2.0

Non - uniform Flow

*y and v change along the length
of the channel

TYPES OF FLOWING WATER AND
ITS CONTROL

2) Depending on Froude number, F,
—F,= 1 : Critical Flow
—F, < 1 : Subcritical Flow — slow flowing water

—F,> 1 : Supercritical Flow — fast flowing water




V V= average channel velocity
Fr= g = gravity acceralation
N g D D = hydraulics water depth

Types of Flows
1. Steady and Unsteady Flow

2. Steady and Unsteady Flow
3. Laminar and Turbulent Flow
4. Sub-critical, Critical and Super-critical Flow

Steady and Unsteady Flow
» Steady flow happens if the conditions (flow rate, velocity, depth etc) do not change with

time.
» The flow is unsteady if the depth is changes with time

Uniform and Non-uniform Flow
> If for a given length of channel, the velocity of flow, depth of flow, slope of the channel

and cross section remain constant, the flow is said to be Uniform

» The flow is Non-uniform, if velocity, depth, slope and cross section is not constant

Non-uniform Flow
Types of Non-uniform Flow
1. Gradually Varied Flow (GVF)

If the depth of the flow in a channel changes gradually over a length of the channel.
2. Rapidly Varied Flow (RVF)
If the depth of the flow in a channel changes abruptly over a small length of channel




UF uniform flow
GVF gradually varying flow
RVF rapidly varying flow

Laminar and Turbulent Flow

Both laminar and turbulent flow can occur in open channels depending on the Reynolds
number (Re)

Re = pVR/u

Where,

p = density of water = 1000 kg/m®

M = dynamic viscosity

R = Hydraulic Mean Depth = Area / Wetted Perimeter

- V is the average velocity of the fluid.
R A DV R / H R is the hydraulic radius of the channel.

*3* Laminar flow: Re < 500
*2* Transitional flow: Re =500 & Re =< 1000
*3* Turbulent flow: Re = 1000




Sub-critical, Critical and Super-critical Flow

The lMNow in open channel is said to be sub-critical if the Froude number (F)) is less than 1.0,

Vv

The Froude number is delined as © F_ = —
JgD
where V = Mean velocity of flow
[ = Hydraulic depth of channel and is equal to the ratio of wetted area to the top width of channel

= ? where T = Top width of channel.

Suh-critical flow is also called ranquil or streaming flow. For sub-critical flow, F, < 1.0.
The flow s called critical if F_ = 1.0, And if F_ > 1.0, the fow 1s called super critical or shooting
or rapid or torrential,

+—suberitical |

- supercritical
supercritical
sl

(a) Subcritical t S. :
0 supercritical (b} Supercritical to wse::ltic;l

Figure of transition from sup to super-critical flow

Rectangular Channel T alChannel




GEOMETRIC PROPERTIES OF OPEN

CHANNELS

* The terminology of geometric

element

y : depth of flow T : top width
m : side slope S, : channel bottom slope
Fr : Froude number Re : Reynold number

Q:flowrates. Q=AV R: A:areaof the flow
hydraulic radius at cross D : hydraulics water depth
section

v o velocity E : specific energy
0 - flow q = discharge over width
temperature (m)

b : bottom channel width
v : average flow density
L: length of channel

P wetted perimeter
V: volume

Az : weir height

GEOMETRIC PROPERTIES OF

OPEN CHANNELS
Type of TOP WIDTH, WETTED
channel T PERIMETER, P
RECTANGULAR B By B+ 2y
TRAPEZOIDAL B+2my By + my?2 B+2y v 1+m?2
Where, Hydraulic Radius ,R =

Hydraulic Depth,D =

LTS




Uniform flow is an equilibrium condition that flow
tends to if the channel :

a)constant slope b)constant cross section
c)constant roughness

d)depth, water area, velocity and discharge at
every section of channel are constant

e)channel bed, water surface and energy line are
parallel, S, =S, =S

fly.: =y, , V=V,

Velocity Distribution

~1, = shear stress
distribution

> Velocity is always vary across channel because of friction along the boundary
> The maximum velocity usually found just below the surface
Lines of Centerline
constant velocity s
| velocity profiles
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Typical velocity and shear stress distributions in an open channel:
(a) velocity distribution throughout the cross section. (b) shear
stress distribution on the wetted perimeter.




Discharge through Open Channels
1. Chezy’s C

2. Manning’s N
3. Bazin’s Formula
4

. Kutter’s Formula

» 16.3 DISCHARGE THROUGH OPEN CHANNEL BY CHEZY'S FORMULA

""" —_— “}'FT" * Wsin/
!-:MTUMLINE i e
Fig.16.2 Uniform flow in open channel
Chezy’s Formula |, _ . /-
\"Y; A . i
VvV = / \/ sin 1 > 1
f P
A i i
5= m = Hydraulic Radius — 2

/V,V = C = Chezy' s Constant —>
substitute Eqn. 2 & 3in Eqgn. 1,

\

V =CA/m. sin |

for small values of I, sin i=tan 1 =i

oV =CA/m. i

3




Manning’s N

Chezy’s formula can also be used with Manning's Roughness

C=(1/n) RYS

Coefficient

where
R = Hydraulic Radius
n = Manning’s Roughness Coefficient

Bazin’s Formula

157.6
181 + —

Chezy’s formula can also be used with Bazins’ Formula

where
k = Bazin’s constant
m = Hydraulic Radius




Values of K in Bazin's Formula

No.  Surface of channel _ Bazin's constant (K)
1. Smooth cement plaster or planed wood 0-11
2. Concrete, brick, or unplaned wood 021
3. Smooth rubble masonry or poor brickwork 0-83
4. Earth channels in very good condition 1-54
S.  Earth channels in rough condition 317
6. Dredged earth channels, average condition 2:36

Kutter’s Formula

1
23 + 0.00155 + —

N
| 0.00155 | N

Chezy’s formula can also be used with Kutters’ Formula

where
N = Kutter’s constant
m = Hydraulic Radius, i = Slope of the bed




Problems

1. Find the velocity of flow and rate of flow of water through a rectangular channel of
6 m wide and 3 m deep, when it is running full. The channel is having bed slope as 1
in 2000. Take Chezy’s constant C = 55

2. Find slope of the bed of a rectangular channel of width 5m when depth of water is 2
m and rate of flow is given as 20 m®/s. Take Chezy’s constant, C = 50

3. Find the discharge through a trapezoidal channel of 8 m wide and side slopes of 1
horizontal to 3 vertical. The depth of flow is 2.4 m and Chezy’s constant C = 55. The
slope of bed of the channel is 1 in 4000

4. Find diameter of a circular sewer pipe which is laid at a slope of 1 in 8000 and
carries a discharge of 800 litres/s when flowing half full. Take Manning’s N = 0.020

5. Find the discharge through a channel show in fig. 16.5. Take the value of Chezy’s
constant C = 55. The slope of bed of the channel is 1 in 2000

Most Economical Sections
1. Cost of construction should be minimum

2. Discharge should be maximum

Types of channels based on shape:
1. Rectangular

2. Trapezoidal
3. Circular

Most Economical Sections




Q=AV=ACA+mi

1
Q =K — where K=ACVAI

N

If Pis minimum, Q will be maximum

................................ 18

............................... 2
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Fig. 16.9 Rectangular channel.

for most economical  section,

P should be minimum




A=bd =>b=—>1

d

A
P=b+2d=—+2d > 2

d
for most economical seciton, P should be minimum

A

drf+2d—|
dpP Ld J - A 2 2
—=0:>—=0:>—2+2=0:>A=2d = bd = 2d
d(d) d(d) d

b=2d ord=nhb/2

A bd 2d° d
ms=—= = R

P b+ 2d 2d + 2d 2

Fig. 16.11




for most economical section,

P should be minimum

dP
—=0
d(d)
A
A=@0O+nd)d = b=—-nd > 1
d
A
P=b+2dvn’+1=——nd +2dvn°+1 > 2
d

for most economical seciton, P should be minimum

A /
|———nd + 2d n2+1—|

d
dP L d J b + 2nd ;
— =0 —0=> ——=dvn’ +1
d(d) d(d) 2
d 0
m = —and 0 = g0
A
drj
L7 ]
for Max. Velocity, =0
do
[] 3]
dl 12|
"7
for Max. Discharge, =0
do
Circular channel.
> sin 20
A =R (0 - — 1
2
P =2R0O0 — 2
A R sin 20
m = —= (6 - — 3
P 20 2
. dm o .
for max. velocity, ——=0= 0 =128 45 ,d = 0.81D, m = 0.3D
do
A [A®
Q = AC vV/mi = AC —i=2C i,C and i are constants
P P
| [a®
d
| P |
for max. discharge, # — 0= 0 =154 ° ,d = 0.95D




Problems

1. A trapezoidal channel has side slopes of 1 horizontal and 2 vertical and the slope of the
bed is 1 in 1500. The area of cross section is 40m® Find dimensions of the most
economical section. Determine discharge if C=50

Hint:
» Equate Half of Top Width = Side Slope (condition 1) and find b in terms of d
» Substitute b value in Area and find d

» Find m = d/2 (condition 2)
» Find V and Q

Problem 16.16 A rrapezoidal channel has side slopes of 1 horizontal to 2 vertical and the slope of
the bed is 1 in 1500. The area of the section is 40 m*. Find the dimensions of the section if it is most
economical. Determine the discharge of the most economical section if C = 50.

Solution. Given :

Horizontal 1

S‘“ l " N = . T — é B

S Vertical 2 e S0

1 S
Bed sl % | = — . £ 2
slope i 1500 s T

Area of section, A=40m? )
Chezy’s constant, C=50 Fig. 16.12

For the most economical section, usin uation (16.11)
b+ 2nd 3 b+2xi{xd _ 2
‘ =dyn +1\ or -—i——-—_d,f(,}) +1

2
bxd =d"—l-+l =1.1184d
2 3

or
or b=2x1.118d—d =1.236 d ()
But area of trapezoidal section Asde:(b+m{) d
=(1.236d+ A d (+ b=1236dandn= %)

=1.736 &*




But A =40 m® (given)
. 40 = 1.736 &*

d= ﬁ- = 4.80 m. Ans.
v 1.736

Substituting the value of 4 in equation (i), we get
b= 1.236 x 4.80 = 5933 m. Ans.
Discharge for most economical section. Hydraulic mean depth for most economical section is

m= -‘i = 4—80 =240 m
2" 2
Discharge 0 = AC/mi =40 x 50 X J2.40x 75_166
= 80 m*/s. Ans.

Problems

2. A rectangular channel of width 4 m is having a bed slope of 1 in 1500. Find the maximum
discharge through the channel. Take C=50

3. The rate of flow of water through a circular channel of diameter 0.6m is 150 litres/s. Find the
slope of the bed of the channel for maximum velocity. Take C=50

Non-uniform Flow

In Non-uniform flow, velocity varies at each section of the channel and the Energy Line is not
parallel to the bed of the channel.

This can be caused by

1. Differences in depth of channel and

2. Differences in width of channel.

3. Differences in the nature of bed

4. Differences in slope of channel and

5. Obstruction in the direction of flow




Specific Energy

2
Total Energy of flowing fluid, E =z + h + vy
29

where z = Height of bottom of channel above datus,

If the channel bottom is taken as datum,

2
\% . . .
Es = h + — which is called as Specific Energy P
29 3
= s
2g
4
E, 5 -
h —_— V 2 Subcritical
flow, Fr < |
[v=—h Supercritical
0| T - __ Critical flow, Fr > 1
£ P 2 /
" PE=1]
A [-".\', min h‘\‘
Reference datum
Specific Energy Specific Energy Curve
de
for Critical Depth, = O
dh
2
(o]
where, E — h —+
2g h°
a
2 2
a a e 3 a 3 2
hC=| | == he = = h < .9 = g — 1
L ¢ | o
(] bh v
subsitute value q = = = h < Vv in Egn. i
b b
— \/c = g h




Minimum Specific Energy in terms of Critical Depth: E=h+

2

q
2
| Igh”
when specific energy is minimum, Depth of flow is critical
1
2 273 2
E=hc+q—_'subsﬁtute h.= ki u-r]lc3=q—
2ghe” g
h . h 3h
Emin = he* . =]lc+Tc— .,c
2ghc” - -
2 ;
ur|hc= ZEmin
3
E .
oo 20mIn
3
v = !
Es —h + —h+ 4 215
2 2 h 2 oo o | B
- ¢
AN g
AN
2 A
Sluice

Water Surface

na

~ Loss of Energy

3h

" Emin




Specific Energy Curve

Problems

1. The specific energy for a 3 m wide channel is to be 3 kg-m/kg. What would be the max.
possible discharge

2. The discharge of water through a rectangular channel of width 6 m, is 18 m3/s when
depth of flow of water is 2 m. Calculate: i) Specific Energy ii) Critical Depth iii) Critical
Velocity iv) Minimum Energy

3. The specific energy for a 5 m wide rectangular channel is to be 4 Nm/N. If the rate of flow of
water through the channel us 20 m*/s, determine the alternate depths of flow.

Hydraulic Jump

¥

U Supercritical

Flow under a sluice gate accelerates from subcritical to critical
to supercritical and then jumps back to subcritical flow




i ]
Supercriical | 'Subcritical
Flow i Hydraulic v Flow
(Fry=1) | ?:Iurr-p o (Frp =1}
1 L

- (2)

d2
d1

Froude Mumbers and Fluid Depths across
a Hydraulic Jump

The hydraulic jump is defined as the rise of water
level, which takes place due to transformation of
the unstable shooting flow (super-critical) to the

stable streaming flow (sub-critical).

When hydraulic jump occurs, a loss of energy due to
eddy formation and turbulence flow occurs.

The most typical cases for the location of hydraulic
jump are:
Below control structures like weir, sluice are
used in the channel
when any obstruction is found in the channel,
when a sharp change in the channel slope takes
place.
At the toe of a spillway dam




2 2

do = — + + —> iInterms of q
4 9dq

2
dq d1q 2viq1 dig )
do=— "+ —+ —> Iinterms of V1

dq 2 .
do = —('\/1+8|:e —1\ — interms of FE g
2 U J

Loss of Energy

P

|_[Clz_d]_

[ toes |

Length of jump = 5to 7 times of (d, — dj)

hL:El—EZZ

Hydrualic Jump =d2 — d1

Problems

1. The depth of flow of water, at a certain section of a rectangular channel of 2 m wide is
0.3 m. The discharge through the channel is 1.5 m*/s. Determine whether a hydraulic

jump will occur, and if so, find its height and loss of energy per kg of water.

2. Assluice gate discharges water into a horizontal rectangular channel with a velocity of 10
m/s and depth of flow of 1 m. Determine the depth of flow after jump and consequent

loss in total head




Gradually Varied Flow (GVF)

s T 4 CANE A 4 C S GO S SN ST S G o gy

In GVF, depth and velocity vary slowly, and the free surface is stable

The GVF is classified based on the channel slope, and the magnitude of flow depth.

Steep Slope (S): So>Sc orh<hg
Critical Slope (C): So=S¢ orh=nh
Mild Slope (M): So<Sc orh>h,
Horizontal Slope (H): So=0

Adverse Slope(A): So = Negative
where

So : the slope of the channel bed,

Sc : the critical slope that sustains a given discharge as uniform flow at the critical depth (hc).




Flow Profiles

The surface curves of water are called flow profiles (or water surface profiles).
Depending upon the zone and the slope of the bed, the water profiles are classified into 13
types as follows:

1. Mild slope curves M1, M2, M3
2. Steep slope curves S1, S2,S3

3. Critical slope curves C1,C2,C3
4. Horizontal slope curves H2, H3

5. Awverse slope curves A2, A3

In all these curves, the letter indicates the slope type and the subscript indicates the zone. For
example S2 curve occurs in the zone 2 of the steep slope

M, Normal Depth Line

T v
ST rr vy 7z CArard AV A S SN S SN S SN S aur s o e o s 7T 7T T TTrTY

(b)

Flow Profiles in Mild slope

Critical Depth Line
~~Co..

{a)

Flow Profiles in Steep slope




Flow Profiles in Critical slope

o

COL.

~f.oL C2 oL
HDL " — - i c_'"t'
M 7'77'-;;,..,{,[},,],1;7_

(a) (b)

(a) (b)
Flow Profiles in Adverse slope
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Equation of GVF

dh ) ie
— = ——————— — interns of Velocity
2
dx |— v —l
| 2 - |
L o
dh ib ie
=7 271 in terms of Fe L E > - E1
dx [17(!: ) ] o i
e ib-ie
dh
where represents the variation of water depth along the bottom of the channel

dx

S, or 1, Energy Line Slope
S, or 1, Bed Slope

/ Backwater curve

7__New water surface |

b

Ifdh/dx = O, Free Surface of water is
parallel to the bed of channel

Ifdh/dx = O, Depth increases in the
direction of water flow (Back Water Curve)

Ifdh/dx < O, Depth of water decreases in
the direction of flow (Dropdown Curve)




Problems

1.

Find the rate of change of depth of water in a rectangular channel of 10 m wide and 1.5 m
deep, when water is flowing with a velocity of 1 m/s. The flow of water through the
channel of bed slope in 1 in 4000, is regulated in such a way that energy line is having a
slope of 0.00004

Find the slope of the free water surface in a rectangular channel of width 20 m, having
depth of flow 5 m. The discharge through the channel is 50 m*/s. The bed of channel is
having a slope of 1 in 4000. Take C=60

Unit -1

Learning Objectives
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Introduction to Dimensions & Units
Use of Dimensional Analysis
Dimensional Homogeneity
Methods of Dimensional Analysis
Rayleigh’s Method

Buckingham’s Method

Model Analysis

Similitude

Model Laws or Similarity Laws

10. Model and Prototype Relations

Introduction

» Many practical real flow problems in fluid mechanics can be solved by using equations
and analytical procedures. However, solutions of some real flow problems depend heavily
on experimental data.

» Sometimes, the experimental work in the laboratory is not only time-consuming, but
also expensive. So, the main goal is to extract maximum information from fewest
experiments.

#In this regard, dimensional analysis is an important tool that helps in correlating
analytical results with experimental data and to predict the prototype behavior from the
measurements on the model.




Dimensions and Units

In dimensional analysis we are only concerned with the nature of the dimension i.e. its
quality not its quantity.

» Dimensions are properties which can be measured.

Ex.: Mass, Length, Time etc.,
» Units are the standard elements we use to quantify these dimensions.

Ex.: Kg, Metre, Seconds etc.,
The following are the Fundamental Dimensions (MLT)

» Mass kg M
> Length m L
»> Time sT

Secondary or Derived Dimensions
Secondary dimensions are those quantities which posses more than one fundamental
dimensions.

1. Geometric
a) Area m? L2
b) Volume m? L®
2. Kinematic
a) Velocity m/s LT LT
b) Acceleration m/s? L/T? LT?
3. Dynamic
a) Force N ML/T M.L.T*
b) Density kg/m* M/L2 m.L®
Problems

Find Dimensions for the following:
. Stress / Pressure

. Work

Power

1

2

3

4. Kinetic Energy
5. Dynamic Viscosity
6

Kinematic Viscosity




7. Surface Tension
8. Angular Velocity
9. Momentum

10. Torque

Use of Dimensional Analysis
1. Conversion from one dimensional unit to another

2. Checking units of equations (Dimensional Homogeneity)
3. Defining dimensionless relationship using

a) Rayleigh’s Method

b) Buckingham’s n-Theorem
4. Model Analysis

Dimensional Homogeneity
Dimensional Homogeneity means the dimensions in each equation on both sides equal.

Let us consider the equation, V = \J2gH

Dimension of L.H.S. =V= ;—‘_— = LT
o L 2 .
Dimension of R.H.S. =J2gH = (G xL=|=5===LT
V2 T
Dimension of L.H.S. = Dimension of RH.S. = LT}

Equation V= ,/2gH is dimensionally homogeneous. So it can be used in any system of units.

Problems
Check Dimensional Homogeneity of the following:
1. Q=AV

2. Ex=V42g

Rayeligh’s Method

To define relationship among variables

This method is used for determining the expression for a variable which depends upon
maximum three or four variables only.




Methodology:

Let Xis a function of X; X,, X; and mathematically it can be written as
X=1(Xy, X Xs)

This can be also written as
X=K (X2, X,2, X, ) where Kis constant and a, b and ¢ are arbitrarily powers

The values of a, b and ¢ are obtained by comparing the powers of the fundamental
dimension on both sides.

Problem: Find the expression for Discharge Q in a open channel flow when Q is depends
on Area A and Velocity V.

Solution:

A=KAN 31

where K is a Non-dimensional constant

Substitute the dimensions on both sides of equation 1
MOL3T! =K, (Lz)a.(l.T-l)b

Equating powers of M, L, T on both sides,

Power of T, SERE 25

Power of L, 3=2ath = 2a=2b=21=1
Substituting values of a, b, and ¢ in Equation 1m

Q=KAR M =N




Problem : Find the equation for the power developed by a pump if it depends on
head H discharge () and specific weight v of the fluid.

Solution:

P=f(H,Q,7) Power =LMT?
P=K.I. Q' f Head =IMT°

Pl=[H]"- [Q - ] Discharge =M1
MT] = TP« [yer P oy | Specilie Weight = LT

Equating the powers of b, L and T on both sides,

Pawrer of M, 1=¢
Fower of T, -3=-b-2 0r b=-2+4300 b=1
Fower of L, 2=a+3b-2c0r 2=a+3-2 Or a=1

Substituting the values of a, b and ¢
P=K-H. Q"¢

P=K-H- Q-7  When, K=1 P=H-Q-y

Problem 3: Find an expression for drag force R on a smooth sphere of diameter D
moving with uniform velocity V in a fluid of density p and dynamic viscosity pt..

Solution:

R=1(D,V,p.p) Force =LMT"
R=K.D* V*. o5, ! Diameter =LMT"
[R]=(DI"- [VI"- oI [u]’ Velocity  =LM'T’
[LMT?) =[LMTF « [IMT] - [LMTOF - [L'MT) | Mass density =L'MT®

Equating the powers of M, L and T on both sides,

Fower of M, 1=c+d gr e=1-d
Powerof T, 2=b-dor p=2-d
Powerof L, l=a+b-3c-d qgr 1=a+2-d-3(1-d)-d

l=a+2-d-3+3d-d or a=1-d
Substituting teh values of a, b, and ¢
DV op

R=K.DH. y¥. oM b =g 2 Y P

d
3.4 ] S pVD
=K. pVDY|E| = pviptp |- =pV°D¢{—-}
pVD pvD p




Buckingham’s n-Theorem
This method of analysis is used when number of variables are more.
Theorem:

If there are n variables in a physical phenomenon and those n variables contain m dimensions, then
variables can be arranged into (n-m) dimensionless groups called ® terms.

Explanation:
Iff (X, X5 X3, v X,) = 0 and variables can be expressed using m dimensions then
(1T, Ty, T3, e m,..) =0 where, m,, T,, T, ... are dimensionless groups.

Each T term contains (m + 1) variables out of which m are of repeating type and one is of non-repeating
type.
Each 1T term being dimensionless, the dimensional homogeneity can be used to get each T term.

T denotes a non-dimensional parameter

Selecting Repeating Variables:

1. Avoid taking the quantity required as the repeating variable.

2. Repeating variables put together should not form dimensionless group.

3. No two repeating variables should have same dimensions.

4. Repeating variables can be selected from each of the following properties.

A

» Geometric property = Length, height, width, area
» Flow property = Velocity, Acceleration, Discharge
» Fluid property = Mass density, Viscosity, Surface tension

Problem 12.11 The pressure difference Ap in a pipe of diameter D and length | due to viscous
flow depends on the velocity V, viscosity | and density p. Using Buckingham’s n-theorem, obtain an
expression for Ap.

Solution.
Apisafunctionof D, LV, i, por Ap=fD, 1, V, 1, p)
or SiAp, D, [V, pu,p)=0 (i)

Total number of variables, n=6
Number of fundamental dimension, m =3
Number of nt-terms =n-3=6-3=3
Hence equation (i) is written as f,(r;, T, 73) =0 (i)
Each m-term contains m + 1 variables, i.e., 3 + 1 = 4 variable. Out of four variables, three are
repeating variables.
Choosing D, V, j as repeating variables, we have n-terms as
r,= D% VP .u A
R~y = D% .V u .l

my= DY .Vh .9 p




First m-term n=D". Vit
Substituting the dimensions on both sides,

ML =14 (LT (ML'T) . ML'T?
Equating the powers of M, L, T on both sides,

Power of M, 0=¢ +1, sog=-1
Power of L, O=ay+by=c; =1, og==b+e+l=l=-1+1=]
Powcfof T, 0=-b|-(.'|-2. »e b|=-c"‘2=l‘2="l

Substituting the values of a;, b, and ¢, in 1),

=D v, Dy

Second m-term m=D" Ve
Substituting the dimensions on both sides,

ML =12 (LT, (ML L,
Equating the powers of M, L, T on both sides

Power of M, 0=cy, Lo=0
Power of L, O=ay+by=c+1, * @==b+ey=1=-1
Power of T, D==by-ey, Loby=-0=0

Substituting the values of a,, b, and ¢, in 1,

n2=D".V°.u°.l=%.

Third r-term t=D%. VW 4. p
Substituting the dimension on both sides,

ML =1 Wb ML T ML
Equating the powers of M, L, T on both sides

Power of M, O=c;+ 1, s oey==1
Power of L, 0=a3+b3-c3-3. e 33=—b;+('3+3=-|-l+3=1
Power of T, O0==-b; -y, sobyE—a=E-(-1)=1

Substituting the values of a;, b; and ¢; in 7,
my=D'. V' .y p= py
Substitting the values of my, 71, and ft; in equation (i7),

Dip L poV) o o Dl [1 pDV] VL gDV
f’[uV'D'u)om wv Q[D'ﬂ]mdp D¢[D'u]

Experiments show that the pressure difference Ap is a linear function é Hence % can be taken

out of the functional as

Ap: ﬂx£¢[%].:\ns.

D D
Expression for difference of pressure head for viscous flow
Ap w1 [ pDV }
hy=—="=X—X—4¢[R] W ——=k
o DD py b

- %",o [R,. Ans.




Model Analysis

For predicting the performance of the hydraulic structures (such as dams, spillways etc.) or
hydraulic machines (such as turbines, pumps etc.) before actually constructing or
manufacturing, models of the structures or machines are made and tests are conducted on
them to obtain the desired information.

Model is a small replica of the actual structure or machine

The actual structure or machine is called as Prototype

Models can be smaller or larger than the Prototype

Model Analysis is actually an experimental method of finding solutions of complex flow
problems.

Similitude or Similarities

Similitude is defined as the similarity between the model and prototype in every
aspect, which means that the model and prototype have similar properties.

Types of Similarities:

1. Geometric Similarity = Length, Breadth, Depth, Diameter, Area, Volume etc.,
2. Kinematic Similarity = Velocity, Acceleration etc.,

3. Dynamic Similarity = Time, Discharge, Force, Pressure Intensity, Torque, Power

Geometric Similarity
The geometric similarity is said to be exist between the model and prototype if the ratio of all
corresponding linear dimensions in the model and prototype are equal.

LP:BP:DP:L AP 2 Vp 3
L. Bn D r A, V.

where |_ris Scale Ratio

Kinematic Similarity

The kinematic similarity is said exist between model and prototype if the ratios of velocity
and acceleration at corresponding points in the model and at the corresponding points in the
prototype are the same.




V. a,
V., an

=a,

. . . h i lerati Rati
where \/ is Velocity Ratio where g is Accelerati on Ratio

Also the directions of the velocities in the model and prototype should be same

Dynamic Similarity
The dynamic similarity is said exist between model and prototype if the ratios of
corresponding forces acting at the corresponding points are equal

=F , where Fr is Force Ratio

It means for dynamic similarity between the model and prototype, the

dimensionless numbers should be same for model and prototype.

Types of Forces Acting on Moving Fluid
1. Inertia Force, F;

# It is the product of mass and acceleration of the flowing fluid and acts in the direction
opposite to the direction of acceleration.
» It always exists in the fluid flow problems

2. Viscous Force, F,

» Itis equal to the product of shear stress due to viscosity and surface area of the flow.
» Itis important in fluid flow problems where viscosity is having an important role to play

3. Gravity Force, Fy

» It is equal to the product of mass and acceleration due to gravity of the flowing fluid.
» Itis present in case of open surface flow

4. Pressure Force, F,

» It is equal to the product of pressure intensity and cross sectional area of flowing fluid
» It is present in case of pipe-flow

5. Surface Tension Force, Fs

# |t is equal to the product of surface tension and length of surface of the flowing fluid




6. Elastic Force, Fe

Dimensionless Numbers

Dimensionless numbers are obtained by dividing the inertia force by viscous force or gravity
force or pressure force or surface tension force or elastic force.

b -—
1. Reynold’s number, Re = [ | cria  Force v N LD
Viscous  Force M H
2. Froude’S numbel‘, Fe = Inertia Force V
Gravity Force Lg

3. Euler’s number, E,

\/ Inertia  Force
Pressure Force \/p/p

4. Weber’s number, We

5. Mach’snumber, M = Inetta_Foce v

\/ Inertia Force
Surface Tension Force \/O'/pL

Elastic  Force C




12.8.1 Reynold's Number (R,). Itis defined as the ratio of inertia force of a flowing fluid
and the viscous force of the fluid. The expression for Reynold's number is obtained as
Inertia force (F;) = Mass x Acceleration of flowing fluid

Velocity 3V 2L 22
=p % Volume X =p; —=p; =V=
P Time PL T PL T PLV

= pAV H1211)
Viscous force (F,) = Shear stress X Area { t=u5£ Foroc=txArca}
y
=T1xA
du v du V
=|{l—[XA=1n.—-XA V-
[u dy) 4" ‘ dy L}
By definition, Reynold's number,
?
pefio PV _pW
‘ ¥ Hxﬁ p
He L
=m‘-=!ﬁi { K - v=Kinematic viscosity]
(wip) v p

In case of pipe flow, the linear dimension L is taken as diameter, d. Hence Reynold's number for
pipe flow,

Rl o 1212
v U

12.8.2 Froude's Number (F,). The Froude's -numbcr is defined as the square root of the ratio
of inertia force of a flowing fluid to the gravity force. Mathematically, it is expressed as

F=£~
s [

where F, from equation (12.11) = pAV?

and  F_ = Force duc to gravity
= Mass x Acceleration due to gravity
=pxVolumexg=pxLixg [~ Volume=L")
=pxL*xLxg=pxAxLxg (v L*=A=Area)

’F 'pAV’ ’v’ v
F‘= —_ - - -z .(12.13)
F, pALg Lg |Lg




12.8.3 Euler’'s Number (E,). Itis defined as the square root of the ratio of the inertia force of
a flowing fluid to the pressure force. Mathematically, it is expressed as

E, = ﬁ-
JF,

where Fp = Intensity of pressure x Area = p x A

and  F;=pAV?
’MW ,W v
E.: 2 |— e ...(12.14)
pxA \plp plp

12.8.4 Weber's Number (W,). Itis defined as the square root of the ratio of the inertia force
of a flowing fluid to the surface tension force. Mathematically, it is expressed as

Weber’s Number, W, =J£_'
where F, = Inertia force = pAV?

and F, = Surface tension force
= Surface tension per unit length X Length =0 x L

2 2 2
W'=JpAV =Jpr XV (- A=D3)
oxL oxL
pLx V? v? %
- = 3 ! «(12.1
J c Jo/pL Jo/pL (12.15)

12.8.5 Mach’s Number (M). Mach's number is defined as the square root of the ratio of the
inertia force of a flowing fluid to the clastic force. Mathematically, it is defined as
_|Inertia force _ F
\ Elastic force | F,
where F, = pAV?
and  F, = Elastic force = Elastic stress X Arca

=KxA=KxIL? {~~ K = Elastic stress}
_ [pav: _ foxPxV? v ¥
VK<L Kxl Klp ~ JKip
But — = C = Velocity of sound in the fluid

—E

I
al<

..(12.16)




Model Laws

The laws on which the models are designed for dynamic similarity are called model laws or
laws of similarity.
1. Reynold’s Model

Models based on Reynolds’s Number includes:

a) Pipe Flow
b) Resistance experienced by Sub-marines, airplanes, fully immersed bodies etc.

2.Froude Model Law

Froude Model Law is applied in the following fluid flow problems:

a) Free Surface Flows such as Flow over spillways, Weirs, Sluices, Channels etc.,
b) Flow of jet from an orifice or nozzle

c) Where waves are likely to formed on surface

d) Where fluids of different densities flow over one another

3.Euler Model Law

Euler Model Law is applied in the following cases:

a) Closed pipe in which case turbulence is fully developed so that viscous forces are
negligible and gravity force and surface tension is absent

b) Where phenomenon of cavitations takes place

4. \Weber Model Law

Weber Model Law is applied in the following cases:
a) Capillary rise in narrow passages

b) Capillary movement of water in soil
c) Capillary waves in channels
d) Flow over weirs for small heads




5. Mach Model Law

Mach Model Law is applied in the following cases:
a) Flow of aero plane and projectile through air at supersonic speed ie., velocity more

than velocity of sound

b) Aero dynamic testing, c) Underwater testing of torpedoes, and
d) Water-hammer problems

Reynold’s Model Law

If the viscous forces are predominant, the models are designed for dynamic similarity
based on Reynold’s number.

[R.] =IR
el Lhve

]

,, L Velocity, V = Length/Time =2 T=L/V

t.= Time Scale Ratio = —

r

pmeLm :ppVPLP
H, M,

a, = Acceleration Scale Ratio = Vr

Acceleration, a = Velocity/Time = L= V/T




Problem 6.15 A pipe of diameter 1.5 m is required to transport an oil of sp. gr. 0.90 and viscosity
3 x 10 poise at the rate of 3000 litre/s. Tests were conducted on a 15 cm diameter pipe using water
at 20°C, Find the velocity and rate of flow in the model. Viscosity of waier at 20°C = 0.0 poise.
(Delhi University, 1992)
Solution. Given :

Dia. of prototype. Dp=15m

Viscosity of fluid. Pp=3 X 1072 poise

Q for prototype, Qp = 3000 liv's = 3.0 m/s

Sp. gr. of oil, §p=09

=, Density of oil, pp=Sp % 1000 = 0.9 x 1000 =900 kg/m’

Dia. of the model. D,=15em=015m

Viscosity of water at 20°C = .01 poise = | X 107 poise or f, = 1 X 10° poise
Density of water or p,, = 1000 kg/m’.

For pipe flow, the dynamic similarity will be obtained if the Reynold’s number in the model and
prototype are equal

) P Ve Dy - PpVeDp
l‘lm l'lP

w_Pr Dp Hp

"Tp p"l’ Dﬂ '-lm

Hence using equation (6.17 {For pipe, linear dimension is D}

w20 A0 IR o 2 rgss w30
1000 015 3x10°~ 1000 3
Rate of flow in prototype 3.0 3.0
But VP= A : = - - - - =
rea o pm{a)'pe __(DP)" —(l.S)'
4 4
= S0X4 o 197wk
nx225

V,=30xV,=30 x 1.697 = 5.091 m/s. Ans.
Rate of flow through model. @, =A,xV, = -g (D, )* x v, = ‘r—; (0.15)* x 5.091 m*/s
= 0.0899 m'/s = 0.0899 x 1000 li/s = 89.9 lit/s. Ans.

Problems

1. Water flowing through a pipe of diameter 30 cm at a velocity of 4 m/s. Find the velocity

of oil flowing in another pipe of diameter 10cm, if the conditions of dynamic similarity is




satisfied between two pipes. The viscosity of water and oil is given as 0.01 poise and
0.025 poise. The specific gravity of oil is 0.8.
Froude Model Law

If the gravity force is predominant, the models are designed for dynamic similarity based
on Froude number.

lFe].., = [Fe]p = \/gvi = ngi = V= Velocity Scale Ratio = JI:

3
T.= Scale Ratio for Time = ./ L, F. = Scale Ratio for Force = L,
T.= Scale Ratio for Accelerati on =1 F.= Scale Ratio for Pressure Intensity = L r
2.5 s
— 1 I — .5
Q = Scale Ratio for Discharge = L r P - Scale Ratio for Power — L,

Velocity Ratio: According to Froude Mode|

. . v,
(F .«-)mm‘.‘.’ o {"'f')j"fﬂh‘h'vpf’ o === !

Bl  &rLp
If the tests on the model are performed on the same place where prototype is to operate, then g, = ¢
and equation (6.18) becomes as

.(6.18)

f v,
b: = ke .(6.19)
\,"lu \/Lf’
A |
or — e = |
VJ' !'m
VL.
Vs T; [ Ly :
—_= ==L | —= L;
Vm J L'N J-_l t L’" l

where L, = Scale ratio for length




(«) Scale ratio for time
Astime = 7L£ngfh ,
Velocity

then ratio of time for prototype and model is

(h) Scale ratio for acceleration
. v
Acceleration = =

Ta (V) T V., V. Tp

5-




(c) Scale ratio for discharge

L B
=AXV=D?x —=—
e I T

7),

3
[ Le. Ll 25, . b oo
_[ ] x(n]_[_, X =L 0229

(d) Scale ratio for force

As Force = Mass x Acceleration = pL* x —_::—' =pL?, -;- V= pLl*V?

24,2 2 2

V,
Ratio forfom‘ Fr= &:L{"i:p_?x & b4 S .
Fo PuluVm Pm L v,

If the fluid used in model and prototype is same, then

s_: =1 or pp=p,
2 2
and hence F,= [it] X ( %’t] =L?x(JL, )z =L%. L =L ..(1229)

(€) Scale ratio for pressure intensity

‘ Force _pL*V*
As p=— =-p—Lr = sz
Pressure ratio, p,= Pr . ME-
If fluid is same, then Pr="Pm
2 v \?
Pr= ;‘:-’;— =[?] =L, ...(12.25)
m m

(f) Scale ratio for work, energy, torque, moment etc.
Torque = Force x Distance = F x L

T.* (FxL)
Torque ratio, T*=t_= L4
FOT* (Fx L),

=F xL=L>xL =L} ..(12.26)




(g) Scale ratio for power
As Power = Work per unit time

_FxL
T
Fp x L,
i Tp F L 1
Power ratio, = £ = £ =t e 3
= “Faxlo  F, L. T
y T
1 3 1 15
=F..L,.—=L".L,. —p===L". e (12.27)
7, 15
Problems

1. In 1 in 40 model of a spillway, the velocity and discharge are 2 m/s and 2.5 m%s. Find
corresponding velocity and discharge in the prototype

2. Inalin 20 model of stilling basin, the height of the jump in the model is observed to be
0.20m. What is height of hydraulic jump in the prototype? If energy dissipated in the
model is 0.1kW, what is the corresponding value in prototype?

3. A7.2m height and 15 m long spillway discharges 94 m®/s discharge under a head of 2m.
If a 1:9 scale model of this spillway is to be constructed, determine the model
dimensions, head over spillway model and the model discharge. If model is experiences a
force of 7500 N, determine force on the prototype.

4. A Dam of 15 m long is to discharge water at the rate of 120 cumecs under a head of 3 m.
Design a model, if supply available in the laboratory is 50 Ips

5. A 1:50 spillway model has a discharge of 1.5 cumecs. What is the corresponding
discharge in prototype?. If a flood phenomenon takes 6 hour to occur in the prototype,

how long it should take in the model
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Introduction
Analysis and Design of Hydraulic Machines (Turbines and Pumps) is essentially based on
the knowledge of forces exerted on or by the moving fluids.

Learning Objective:

Evaluation of force, both in magnitude and direction, by free jets (constant pressure
throughout) when they impinge upon stationary or moving objects such as flat plates and
vanes of different shapes and orientation.

Force exerted by the jet on a stationary plate

Impact of Jets

The jet is a stream of liquid comes out from nozzle with a high velocity under constant
pressure. When the jet impinges on plates or vanes, its momentum is changed and a
hydrodynamic force is exerted. Vane is a flat or curved plate fixed to the rim of the wheel

1. Force exerted by the jet on a stationary plate

a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plate is curved
2. Force exerted by the jet on a moving plate
a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plate is curved

Impulse-Momentum Principle
From Newton's 2™ Law:
F=ma=m (V- V) /t
Impulse of a force is given by the change in momentum caused by the force
on the body.
Ft = mV1 — mV; = Initial Momentum — Final Momentum

Force exerted by jet on the plate in the direction of jet, F =m (V- V,) / t
= (Mass / Time) (Initial Velocity — Final Velocity)

=(pPQ) (V1-V2) = (paV) (V1- Vo)
Force exerted by the jet on a stationary plate

Plate is vertical to the jet




F = paV?2

If Plate is moving at a velocity of ‘U’ m/s,

F = pa(V-U)?

i NOZZLE P
- ; -\ i |
F=3r 1 _ PLATE
_‘_ - .’ r

JET OF WATER

o
' |
v

Force exerted by jet on vertical plate.

Problems:

1. A jet of water 50 mm diameter strikes a flat plate held normal to the direction of jet.
Estimate the force exerted and work done by the jet if

a. The plate is stationary

b. The plate is moving with a velocity of 1 m/s away from the jet along the line of jet.

The discharge through the nozzle is 76 Ips.

2. A jet of water 50 mm diameter exerts a force of 3 kN on a flat vane held perpendicular to
the direction of jet. Find the mass flow rate.

Force exerted by the jet on a stationary plate

Plate is Curved and Jet strikes at Centre




F=paV?(1+ cos 0)

Fig. 17.3 Jet striking a fixed curved plate at centre.

Force exerted by the jet on a moving plate

Plate is Curved and Jet strikes at Centre

F = pa(V-U)2 (1+ cos 0)

— — u) sin 6
v U)‘\ ) Q(V )
S |
- — S _\«'_ N
(V — u) cos“e \\:’%\ v
\\ =z v :
= \ S
v e — — — b o '
-— - e - - —— .)f‘;;> s — -1 ———f———
. e TN
’ -~
JET OF WATER |/ [/ P
oy ‘
& P
N, A

MOVING CURVED
PLATE

Problems:

1. A jet of water of diameter 50 mm strikes a stationary, symmetrical curved plate with a

velocity of 40 m/s. Find the force extended by the jet at the centre of plate along its axis if

the jet is deflected through 120° at the outlet of the curved plate




2. A jet of water from a nozzle is deflected through 60° from its direction by a curved plate
to which water enters tangentially without shock with a velocity of 30m/s and leaver with
a velocity of 25 m/s. If the discharge from the nozzle is 0.8 kg/s, calculate the magnitude
and direction of resultant force on the vane.

Force exerted by the jet on a stationary plate(Symmetrical Plate)

Plate is Curved and Jet strikes at tip

F. =2paV?cos 0

e,
" .

Fig. 17.4 Jetr striking curved fixed plate at one end.
= " g P

Force exerted by the jet on a stationary plate(Unsymmetrical Plate)

Plate is Curved and Jet strikes at tip

F,, = paV2 (cos O + cos ¢)




—

.\(: - =

Jer strilking crerved [fGxed plate ar omne ernd.

Problems:

1. A jet of water strikes a stationery curved plate tangentially at one end at an angle of 30° .
The jet of 75 mm diameter has a velocity of 30 m/s. The jet leaves at the other end at angle of
20° to the horizontal. Determine the magnitude of force exerted along ‘x’ and ‘y’ directions.

Force exerted by the jet on a moving plate
Considering Relative Velocity,

If B <900
F,=paV, (V,,cos 6+ V_cos ¢)

OR Fy=paVy (Vi + sz)

> \,\
E = —
>
o
L
| % .'}
V4
///
s =
v — —
B I t vV,
S

N e - D

— ”L“‘”"-~ .

Jer seriking a moving crerved vane ar one of the rips.

Force exerted by the jet on a moving plate




Considering Relative Velocity,

If B = 90°
F, =paV, (V,cos 06—V, cos ¢)
OR

F.=paV. (V1)

---—u1———--1 |
— W,

Force exerted by the jet on a moving plate
Considering Relative Velocity,

If 3 =90°
F,=paV, (V,,cos 6-V,cos ¢)
OR

F.=paVy (Viy1—Vwa)




Impact of jet on a series of flat vanes mounted radially on the periphery of a

circular wheel

F = paV (V-U)

\' . \'n.l
_.."'f: "_T}E::,‘. |II |
 —— 477% i
e v l.-u
4
JET OF WATER

Jet striking a series of vanes.




Impact of jet on a series of flat vanes mounted radially on the periphery of a
circular wheel

F=paV (V-U) (1+ cos 0)

Problems:

1. A jet of water of diameter 75 mm strikes a curved plate at its centre with a velocity of 25
m/s. The curved plate is moving with a velocity of 10 m/s along the direction of jet. If the jet
gets deflected through 165° in the smooth vane, compute.

a) Force exerted by the jet.

b) Power of jet.

c) Efficiency of jet.

2. A jet of water impinges a curved plate with a velocity of 20 m/s making an angle of 20°
with the direction of motion of vane at inlet and leaves at 130°to the direction of motion at
outlet. The vane is moving with a velocity of 10 m/s. Compute.

i) Vane angles, so that water enters and leaves without shock.

i) Work done per unit mass flow rate




Force exerted by the jet on a moving plate (PELTON WHEEL)

Considering Relative Velocity,

Fx = pavr1 (Vr1 - Vr2 cos ¢)
OR

Fy=paVy (Viyi— Vo)

Work done / sec =F.U

Power=F. U
Efficiency =
> mV?2
- U e Vh —
~J¢ t’? B |

- ‘vi‘ ; v

v-r]- T ?-.I- {?

.,

2 ANGLE OF
g ¥’ ._ DEFLECTION
Lh— — A " N,

A . - b 7/ IR
— 00— -~ nan e
oty — eV, — D)

!*" Vﬂu ""! ﬁ;f'
::’ﬁff
Problems:

1. A jet of water having a velocity of 35 m/s strikes a series of radial curved vanes mounted
on a wheel. The wheel has 200 rpm. The jet makes 20° with the tangent to wheel at inlet and
leaves the wheel with a velocity of 5 m/s at 130° to tangent to the wheel at outlet. The
diameters of wheel are 1 mand 0.5 m. Find

i) Vane angles at inlet and outlet for radially outward flow turbine.

i) Work done

iii) Efficiency of the system




Applications to Radial Flow Turbines
Vw1 =V, c0s0 & V,, =V, cos¢
Considering Angular Momentum Principle,
Torque (T) = Rate of Change of Angular Momentum

T=pQ (Vi1 Ry -V Ry)
Power (P) = Torque x Angular Velocity
P=T.o
If p <900
P =pQ [Vy (Ry. ©) = Vi (R;. ©))
P=pQ (Vv Us— Vi Uy)

If p =90°
P=pQ (Vi Uq)
If g >90°

P=pQ (Vi U+ Vi, Uy)

WHEEL

TANGENT AT B

Aa L]
-—-U1—+1C

Wy

Series of radial curved vanes mounted on a wheel.

Layout of Hydropower Installation




H, = Gross Head
h; = Head Loss due to Friction

= Aax fx<ILxV?
D >x2g

VWhere
VvV = Velocity of Flow in

Penstock
L = Length of Penstock

D = Dia. of Penstock

H = Net Head

= Hg- hg
.HEADBACEl =
e £
AL
1.
PENSTOCK
g TURBINE
' K NEAD | VANEs
SONOZZLE| Q’f\P
GROSS HEAD \X' xl -3 @ .
(Hg) \-‘\. \ ‘ '\1 /‘/L
' . -‘-vxﬁ‘y 3
s L —— ;1 _TAl_LRAC?
§ oo
‘:;Y‘?'-‘-'-'-\'me

Layout of a bydro-eletric power plant.




Efficiencies of Turbine

1. Hydraulic Efficiency My = Power delivered to runner N R.P.
Power supplied at inlet W.P.

Power at the shaft of the turbine  _ S.P.
Power delivered by water to the runner R.P.

2. Mechanical Efficiency n,, =

Volume of water actually striking the runner

3. Volumetric Efficiency n, = - -
Volume of water supplied to the turbine

o "= Volume available at the shaft of the turbine _ Shaft power
4. Overall Efficiency “ Power supplied at the inlet of theturbine ~ Water power

_SP. _SP._RP. _SP _RP  gp
"W.P. W.P. RP. RP. WP |7 gp M
=Np X Ny md%:m
Unit -1V

Topics

1. Classification of Turbines

2. Selection of Turbines

3. Design of Turbines - Pelton, Francis, Kaplan

4. Draft Tube

5. Surge Tanks

6. Governing of Turbines

7. Unit Speed, Unit Discharge, Unit Power

8. Characteristic Curves of Hydraulic Turbines

9. Similitude or Model Anlysis

10. Cavitations

Classification of Turbines
1. According to type of energy at Inlet

a) Impulse Turbine - Pelton Wheel

Requires High Head and Low Rate of Flow
a) Reaction Turbine - Fancis, Kaplan

Requires Low Head and High Rate of Flow
1. According to direction of flow through runner




a) Tangential Flow Turbine -  Pelton Wheel
b) Radial Flow Turbine - Francis Turbine
c) Axial Flow Turbine - Kaplan Turbine

d) Mixed Flow Turbine - Modern Francis Turbine

Francis
turbine

Reaction

turbine | aplan an
. / Propeller

Turbine 4 turbine

Impulse
Turbine

Impulse Turbine Reaction Turbine

Moving

buckets Rotor

Fixed i Rotating
nozzie = nozzle
Moving )
buckets - Rotating

nozzle :
e ator — =
e

Classification of Turbines
3. According to Head at Inlet of turbine




a) High Head Turbine - Pelton Wheel
b) Medium Head Turbine - Fancis Turbine
c) Low Head Turbine - Kaplan Turbine

4. According to Specific Speed of Turbine
a) Low Specific Speed Turbine -Pelton Wheel

b) Medium Specific Speed Turbine -Fancis Turbine
c) High Specific Speed Turbine - Kaplan Turbine

Classification according to Specific Speed of Turbines

Specific speed

Slow 10 to 20
Pelton Normal 20 to 28
Fast 28 to 35
Slow 60 to 120
Francis Normal 120 to 180
Fast 180 to 300
Kaplan - 300 to 1000

Classification of Turbines
5. According to Disposition of Turbine Shaft
a) Horizontal Shaft - Pelton Wheel

b) Vertical Shaft - Fancis & Kaplan Turbines
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PELTON WHEEL WITH MULTILE JETS

Design of Pelton Wheel

Guidelines:
1. Jet Ratio = Pitch Diameter of wheel / Dia. of Jet = D/d
2. Speed Ratio = Velocity of Wheel / Velocity of Jet = u/VV
3. Velocity of Wheel,
4. Overall Efficiency OR
5. Water Power, W.P. = ¥2amV2 = pgQH
6. Shaft Power, S.P. =
7. No. of Buckets = (0.5 x Jet Ratio) + 15
Problems:

1. A Pelton wheel has a mean bucket speed of 10 m/s with a jet of water flowing at the rate

of 700 Ips under a head of 30 m. The buckets deflect the jet through an angle of 160°.

Calculate the power given by water to the runner and the hydraulic efficiency of the

turbine. Assume the coefficient of nozzle as 0.98.

A Pelton wheel has to develop 13230 kW under a net head of 800 m while running at a

speed of 600 rpm. If the coefficient of Jet C y = 0.97, speed ratio is 0.46 and the ratio of
the Jet diameter is 1 /16 of wheel diameter. Calculate




1) Pitch circle diameter
i) the diameter of jet
iii) the quantity of water supplied to the wheel

3. Design a Pelton wheel for a head of 80m. and speed of 300 RPM. The Pelton wheel
develops 110 kW. Take co-eficient of velocity= 0.98, speed ratio= 0.48 and overall
efficiency = 80%.

4. A double jet Pelton wheel develops 895 MKW with an overall efficiency of 82% under a
head of 60m. The speed ratio = 0.46, jet ratio = 12 and the nozzle coefficient = 0.97. Find
the jet diameter, wheel diameter and wheel speed in RPM.
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Design of Francis Turbine

Guidelines:

1. Velocity of Wheel, u=u, = u, = %

2. Work done per second or Power, L
- pavl[v\v, | t Vw,“ZJ 2 pQ[Vu, “ t vw, u2] e

3. Velocity of Wheel, , _xn |, _w0,xN
. - L /IN)

MOVING VANES
4. Discharge, ,_ S
g Q = RD,B, Vfl = wzszvlz
Inward radial flow turbine.
Problems:

1. A -reaction turbine works at 450 rpm under a head of 120 m. Its diameter at inlet is 1.2 m
and the flow area is 0.4 m* . The angle made by the absolute and relative velocities at
inlet are 20° and 60° respectively with the tangential velocity. Determine

(i) the discharge through the turbine

(i) power developed (i) efficiency.
Assume radial discharge at outlet.

2. A Francis turbine has inlet wheel diameter of 2 m and outlet diameter of 1.2 m. The
runner runs at 250 rpm and water flows at 8 cumecs. The blades have a constant width of
200 mm. If the vanes are radial at inlet and the discharge is radially outwards at exit, make
calculations for the angle of guide vane at inlet and blade angle at outlet




KAPLAN TURBINE

FRANCIS TURBINE




Design of Kaplan Turbine

Guidelines:

1. Velocity of Wheel, u =u, = ""20 “ X where Mean diameter, p, = 222

2. Work done per second = pav,[V, +V, ] xu=pQ[V, +V, |xu
3. Velocity of Flow at Inlet and Outlet are equal V, =V,

1 R/ b
4. Discharge, 0=7(0}-D})xv,

HPR //
5. Flow Ratlo—ﬁz_ﬁ_

Guide vane

Kaplan Turbine

o = %(Dj — DZ) =< v,

Problems:

1. A Kaplan turbine develops 9000 kW under a net head of 7.5 m. Overall efficiency of the
wheel is 86% The speed ratio based on outer diameter is 2.2 and the flow ratio is 0.66.
Diameter of the boss is 0.35 times the external diameter of the wheel. Determine the

diameter of the runner and the specific speed of the runner.

2. A Kaplan turbine working under a head of 25 m develops 16,000 kW shaft power. The
outer diameter of the runner is 4 m and hub diameter is 2 m. The guide blade angle is 35°.
The hydraulic and overall efficiency are 90% and 85% respectively. If the velocity of
whirl is zero at outlet, determine runner vane angles at inlet and outlet and speed of
turbine.




Selection of Turbine

Turbine Application Chart

1000

Francis Turbines

1 10 Flow (m°fs) 100 1000

generator
drive

water inlet

volute
chamber
guide
vanes

variable pitch
blades

Draft Tube

The water after working on the turbine, imparts its energy to the vanes and runner, there by
reducing its pressure less than that of atmospheric Pressure. As the water flows from higher
pressure to lower Pressure, It can not come out of the turbine and hence a divergent tube is
Connected to the end of the turbine. Draft tube is a divergent tube one end of which is
connected to the outlet Of the turbine and other end is immersed well below the tailrace




(Water level). The major function of the draft tube is to increase the pressure from the inlet
to outlet of the draft tube as it flows through it and hence increase it more than atmospheric
pressure. The other function is to safely Discharge the water that has worked on the turbine
to tailrace.

Stop logs

Power house

Draft Tube

Types of Draft Tube

(b} Simple elbow type (c) Elbow type with
varying cross-section

(a) Straight type

Surge Tanks

Surge tank (or surge chamber) is a device introduced within a hydropower water
conveyance system having a rather long pressure conduit to absorb the excess pressure rise
in case of a sudden valve closure. The surge tank is located between the almost horizontal
or slightly inclined conduit and steeply sloping penstock and is designed as a chamber
excavated in the mountain. It also acts as a small storage from which water may be
supplied in case of a sudden valve opening of the turbine. In case of a sudden opening of
turbine valve, there are chances of penstock collapse due to a negative pressure generation,
if there is no surge tank.




Surge Tank

Reservoir -

Pressure

NTurbine
Channel

=

A |

K“Miver

Penstock

Surge Tank

Governing of Turbines
Governing means Speed Regulation. Governing system or governor is the main
controller of the hydraulic turbine. The governor varies the water flow through the turbine
to control its speed or power output.

1. Impulse Turbine
a) Spear Regulation
b) Deflector Regulation

c) Combined

Needle valve

Governor of Pelton Wheel




Performance of Turbines under unit quantities

The unit quantities give the speed, discharge and power for a particular turbine under
a head of 1m assuming the same efficiency. Unit quantities are used to predict the
performance of turbine.

1. Unit speed (N_) - Speed of the turbine, working under unit head = f‘i
NH

2. Unit power (P,) - Power developed by a turbine, working under a unit head Qu= ?—H
v

3. Unit discharge (Q,) - The discharge of the turbine working under a unit head p, - ‘L;

H 2

Unit Speed, Unit discharge and Unit Power 13 definite characteristics of a
turbine.

If for a given turbine under heads H;, H;, H; . the corresponding speeds
are Nj, Nj Nj .., the corresponding discharges are ¢; (O, O ... and the

powers developed are P;, Pz, Fz . Then

Unit speed = N, = = =

T & e (s
Unit Discharge =, = = =
JHE,  JH, H,
. A E £ A E Is
Unit Power =5 = —t—=—2_=—2 _or f, =L =—2 =3
HqﬂlHI H-\II Hz H”'Hg Hl.’? Hjﬁ Hj’?

Thus if speed, discharge and power developed by a turbine under a certain
head are known, the corresponding quantities for any other head can be

determined.

Specific Speed of Turbine




Specific Speed of a Turbine (V)
The specific speed of a turbine is the speed at which the turbine will run
when developing unit power under a unit head. This i1s the type

characteristics of a turbine. For a set of geometrically similar turbines the

specific speed will have the same value.

ol

N=—r
i

KAPLAN TURBINE

Introduction

Higher specific speed corresponds to a lower head. This requires that the runner should
admit a comparatively large quantity of water. For a runner of given diameter, the
maximum flow rate is achieved when the flow is parallel to the axis. Such a machine is
known as axial flow reaction turbine. An Australian engineer, Vikton Kaplan first designed
such a machine. The machines in this family are called Kaplan Turbines.




{c) Francis runner for high specific speeds

(d) Dubs runner
vw1

e
U

{e) Kalpan runner

Hydro Electric Power
(Hydel Power)

Operating Principle

» Hydro-electric power is generated by the flow of water

through turbine, turning the blades of the turbine.

» A generator shaft connected to this turbine also turns and

hence generates electricity.




Following figure shows how hydro-electric power is
generated:

The main components of a hydel power plant are:
Dam/Reservoir/Large buffer tank

Penstock

Power House

Turbines

Generators

Step-up Transformers




» Depending on the capacity, hydel power plants are divided
into the following categories

Category Capacity Application

Large Hydel Plant | 50 MW to 1000 MW | Large Cities

Small Hydel Plant | 1 MW to 50 MW Small cities to Towns
Mini Hvdel Plant | 100 kW to 1000 kW | Towns

Micro Hydel Plant | <100 kW Rural community
Pico Hydel Plant | <35kW Individual home

» Hydel plants have an efficiency of 75%. The power delivered
is given by the following expression:

Power _Delivered =7 - H A0 Kilo was,

where

H = Head in meters

DQ/dt = Rate of discharge in m?/s.

In the figure we see that the turbine is coupled to a generator for
generating electrical power. The generator can be of any of the

following types:




Sinusoidal output

Good voltage regulation

Cost effective for given power

Ease of servicing/operation

Safety

Reliability

When we try to match the requirements to the types of
generators, Induction generator fits the bill better than

others and hence, this is the type normally used for power
generation.

» The only drawback with induction generators is its poor
voltage regulation.

Y YV V.V VYV Y VW

» Typical questions to be asked are — whose land will be used for
the plant?

» Who else uses the water and for what purpose? What is the
agreement on water sharing? etc.

Power generation: The generated power depends on the head and
flow of the water. These are both affected by the physical
layout.

Cost: The major cost factor in the plant is the penstock and the
distribution system.

» The challenge is to keep the penstock and distribution system
as short as possible.

» Both the cost and the losses increases as these become longer.




» As the physical layout of the micro hydel plant will affect the
power output, cost, ruggedness etc.,

» it is worth to consider the following options in choosing the
plant layout.
» Layout decision is based on what factors?
Locations of homes: The distance of the homes from the micro
hydel plant will affect the cost of the overall plant.
Water rights:

» Water may be used downstream by many others for many
purposes.

» The water usage has to be checked with everyone affected and
negotiated right at the beginning of the planning process.

Water filled plastic tube:

» This is the most inexpensive method of head measurement.

» It requires a piece of transparent plastic tube about 20m long
and a diameter of 10mm. Fill the tube with water so that when
the two ends are held together, the water level is about 300mm
from the top.

» The water inside the tube will always find the same level on
either side .
» A plastic funnel will help to pour in the water.

» One person holds one end of the tube at the water level of the
reservoir/ forebay tank.




» The second person moves downhill till his eyes are in level
with the water level of the fore bay tank.

» His end of the tube is adjusted till the water level in the tube
is in level with his eyes.

» Now record that one reading has been taken .

» After this the tube 1s lowered such that the water level in the
tube is in line with the soles of his feet.

» Now the first person moves downhill till his eye level is in
line with the soles of the feet of the first person.

» He now raises the tube till the water level is in line with his
eye.
» Now record that a second reading has been taken.

» This process is repeated till the location of the turbine.

» The number of readings taken is summed up.
» This is multiplied with the average height to eye level of the

two people who took the measurements.

» This gives the total head. This procedure should be repeated
two to three times to obtain good accuracy.

» A variation of this method is to connect one end of the tube
with a pressure gauge.

» The pressure at each measuring point is recorded and the sum
of the total pressures can be used to calculate the overall head.




» The head is measure between these two posts using the
above relationship.
» Now, the first post is shifted further downhill as compared

to the second post and the measurement recorded.

» This process 1s repeated till the position of the proposed
turbine is reached. The heights are all added up to obtain

the overall head.

» Three simple methods of flow measurements are
a) Bucket method
b) Float method
c) Salt Gulp Analysis
Bucket Method:

» Take a 15 liter bucket or any container with known
volume.

» If the volume of the container is not known then it can
be found out by filling the container with water from a
1litre bottle.

» Count the number of liter that has been added. This is
giving the volume of the container.




» This method works well in canals and channels because this
method requires the knowledge of the cross sectional area of
water flowing

» The speed of the water flowing is found out by using a float
and timing its travel between two points in the stream.

» Estimating the cross sectional area of a channel or canal is
relatively easy as the cross sectional geometry is known.

» But in the case of a river or stream it is much more difficult to
calculate the cross sectional area.

» To estimate the area at a particular section, measure the width
of the stream at that point.

» The flow should be measured during the worst case condition.
» During the rainy season, the flow will be high and will
provide high power output.

» However, during the dry season, the flow will be low.
» It should be estimated whether the load requirement will be

met even during the worst case dry seasons.

» Therefore, the flow measurement should be done during the

dry seasons.




Unit Quantities & Specific Speed
Problems:

1. Suggest a suitable type of turbine to develop 7000 kW power under a head of 20m while
operating at 220 rpm. What are the considerations for your suggestion.

2. A turbine is to operate under a head of 25m at 200 rpm. The discharge is 9 m®/s. If the
efficiency is 90%, determine:
i) Power generated ii) Speed and Power at a head of 20m

Characteristics Curves of Turbine

These are curves which are characteristic of a particular turbine which helps in
studying the performance of the turbine under various conditions. These curves
pertaining to any turbine are supplied by its manufacturers based on actual tests.

The characteristic curves obtained are the following:
a) Constant head curves or main characteristic curves
b) Constant speed curves or operating characteristic curves

c) Constant efficiency curves or Muschel curves
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Constant speed curves or operating characteristic curves
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Main Characteristic curves of a Pelton turbine

Constant speed curves:
In this case tests are conducted at a constant speed varying the head H and suitably
adjusting  the discharge Q. The power developed P is measured mechanically. The

overall efficiency is aimed at its maximum value.

The curves drawn are
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Operating Characternistic ourves of a turbine

Constant efficiency curves or Muschel curves
Constant efficiency curves:
These curves are plotted from data which can be obtained from the constant head
and constant speed curves. The object of obtaining this curve is to determine the zone
of constant efficiency so that we can always run the turbine with maximum
efficiency.
This curve also gives a good idea about the performance of the turbine at various
efficiencies.

F for full gate opening

Y

Constant Efficiency curves for Reaction turbine

Problems:
1. A hydraulic turbine develops 120 KW under a head of 10 m at a speed of 1200 rpm and

gives an efficiency of 92%. Find the water consumption and the specific speed. If a
model of scale 1: 30 is constructed to operate under a head of 8m what must be its speed,

power and water consumption to run under the conditions similar to prototype.




2. A model turbine 1m in diameter acting under a head of 2m runs at 150 rpm. Estimate the
scale ratio if the prototype develops 20 KW under a head of 225 m with a specific speed
of 100.

Cavitations
If the pressure of a liquid in course of its flow becomes equal to its vapour pressure at the
existing temperature, then the liquid starts boiling and the pockets of vapour are formed
which create vapour locks to the flow and the flow is stopped. The phenomenon is known
as cavitation.

To avoid cavitation, the minimum pressure in the passage of a liquid flow, should always
be more than the vapour pressure of the liquid at the working temperature. In a reaction
turbine, the point of minimum pressure is usually at the outlet end of the runner blades, i.e.,
at the inlet to the draft tube.

Methods to avoid Cavitations

Runner/turbine may be kept under water.
Cavitation free runner may be designed.

i) By selecting materials that can resist better the
cavitation effect.
By polishing the surfaces.
By selecting a runner of proper specific speed for
given load.

Unit-V
Topics
Introduction

Classification of Pumps

Pump Installation Details

Work done by Pump — Velocity Triangles at Inlet & Outlet
Heads and Efficiencies

Minimum Starting Speed

Specific Speed of Pump

Model Analysis of Pumps
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Cavitations in Pumps

Introduction




A pump is a hydraulic machine which converts mechanical energy into hydraulic energy or
pressure energy. A centrifugal pump works on the principle of centrifugal force. In this type
of pump the liquid is subjected to whirling motion by the rotating impeller which is made of
a number of backward curved vanes. The liquid enters this impeller at its center or the eye
and gets discharged into the casing enclosing the outer edge of the impeller.

Generally centrifugal pumps are made of the radial flow type only (a = 90°)

Classification of Pumps

1. According to No. of Impellers

a) Single Stage Pump
b) Multistage Pump

2. According to Disposition of Shaft
a) Vertical Shaft Pump

b) Horizontal Pump
3. According to Head

a) Low Head Pump -H < 15m
b) Medium Head Pump - 15m < H < 40m
c) High Specific Speed Turbine - H>40m

A centrifugal pump containing two or more impellers is called a multistage centrifugal pump.
a) For higher pressures at the outlet, impellers can be connected in series.

b) For higher flow output, impellers can be connected parallel.

Shaft

/N

g ) = 3

et

First Second First Second
impeller impeller impeller impeller
Pumps in series Pumps in parallel

MULTI-STAGE PUMPS
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Components of Pump
1. Strainer and Foot Valve

2. Suction Pipe and its fittings
3. Pump

4. Delivery Valve

5. Delivery Pipe and its fittings

DELIVERY

Suction pipe —y

Strainer &

foot valve B

Delivery Delivery pipe

valve N

Static head = hg+hy

Centrifugal
A pump

Sump

Components of Centrifugal Pump
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(a) VORTEX CASING (b) CASING WITH GUIDE BLADES

Different types of casing.

Manometric Head
Manometric head (Hn):
It is the total head developed by the pump.
This head is slightly less than the head generated by the impeller due to some losses in the
pump.
Hm = Suction Head + Delivery Head + Head Loss + Velocity Head in Delivery Pipe
= hs + hg + hi+ V¢°/2g

Head Imparted by Impeller to Water = Work done per Second
= pQ(Vy, Uy)

Head Imparted by Impeller to Unit Weight of Water
= Work done per Second per Unit Weight of Water

= pQ(Vy Uy) I mg
=pQVio Up) 1 (pQ) g
=V Uz 1 g
Manometric Efficiency:
N man = Manometric Head / Head Imparted by Impeller to Water
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Velocity Triangles at Inlet and Outlet

Minimum Starting Speed of Pump




A centrifugal pump will start delivering liquid only if the head developed
by the impeller is more than the manometric head (). If the head
developed is less than //_ no discharge takes place although the impeller
is rotating. When the impeller is rotating, the liquid in contact with the
impeller is also rotating. This is a forced vertex, in which the increase in

head in the impeller is given by s 3
o L _4
Head rise in impeller - ¥e. Oa
Discharge takes place only when & 45
2 2
b i
2g 2g

substituting for ;» 4, and H_ in Equation (10.13), we obtain

_120m,Y,, Dy
© a(D}-D})

which is the minimum speed for the pump to discharge liquid.
Specific Speed of Pump

The specific speed of a centrifugal pump is defined as the speed of a geometrically similar pump
which would deliver one cubic metre of liquid per second against a head of one metre. It is denoted by

'N
N0
s Hm

Model Analysis of Pump
Before manufacturing the large sized pumps, their models which are in complete similarity with the
actual pumps (also called prototypes) are made. Tests are conducted on the models and performance of
the prototypes are predicted. The complete similarity between the model and actual pump (prototype)
will exist if the following conditions are satisfied :
1. Specific speed of model = Specific speed of prototype
Ny ] ) [ Ny

34 34
Tl W

(N =(Ny), or (

P

Cavitations in Pump




Cavitation is the formation of bubbles or cavities in liquid, developed in areas of
relatively low pressure around an impeller. The imploding or collapsing of these bubbles
trigger intense shockwaves inside the pump, causing significant damage to the impeller
and/or the pump housing.
If left untreated, pump cavitations can cause:

a)  Failure of pump housing

b)  Destruction of impeller
c)  Excessive vibration leading to premature seal and bearing failure
d)  Higher than necessary power consumption

Precaution: NPSHA > NPSHR
Where NPSHA = Net Positive Suction Head Available
NPSHR = Net Positive Suction Head Required

Reciprocating displacement

- Piston pump

- Diaphragm pump

- Plunger pumps
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Figure 13 Single-Acting and Double-Acting Pumps
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DISCHARGE

Figure 17 Two-Screw. Low-Pitch. Screw Pump
Figure 18 Three-Screw. High -Fitch, Screw Pump

Dynamic
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Displacement

Centrifugal

Reciprocating

Piston, Plunger

Diaphragm

Multiple
rotor

Single
rotor




Outlet

» Piston or plunger Piston
\ Check

» Crank and

Connecting ro Valve
» Suction pipe Cam
» Delivery pipe Inlet
>Suc_tion and T et \Clihleck
Delivery valv Seal alve
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MAJOR TERMS
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Listthe important considerations in the selection of a pump for
any given application

v Flow rate requirement

v Operating speed of pump

v’ Pressure rating

v Performance/application

v’ Reliability

v’ Cost

v’ Noise level of the pump

v 0il compatibility

v Type of pump control

v Pump contamination tolerance
v Availability of pump and parts

SPEED OF THE MOTOR= 1800 RF*" ___——

GEAR= 500 RPM
CRANK’S DIA =30CM
CONNECTING ROD’S LENGTH= // v r

30CM N i

CYLINDER’S LENGTH= 40CM T
INNER DIA OF

CYLINDER=15CM

OUTER DIA OF

CYLINDER=17CM

DIA OF MOTOR’S : N
PINION= 5CM DIA \‘M——_i_———-*/
OF GEAR= 18CM
NOW, THE REDUCED SPEED OF h




DIA OF PISTON=15CM
THICKNESS OF
PISTON=5 CM

WE KNOW

THAT,

VELOCITY OF THE CRANK = VELOCITY OF
PISTON

RECIPROCATING SPEED OF PISTON=2*L*
N=80ON CM/S

» CSAREAOFVALVES=Q/V=3.14*D"2/4
e =)D =.095M=95MM
* BYTHIS WAY WE CAN,

* GETTHEVALUE OF DIA OF ONEMA
VALVENO.

N e




Piston ‘ —
@ Compressen oy ! TN

Q “H% 10 Piston Head: Generally made grey cast

@ r iron
B U Valves: They are also made of steel,
‘ but a little improved form which has
: o . the stiffness and less wear and tear.
0‘" ’ s I Brass can also be used.

\ A \ Q Piston pin: Usually made of Case
oy ;" (v byl Hardened steel alloy
ol ok ,‘ ‘| containing nickel, chromium and

..... .\

b ¥ molybdenum.
f///}u‘ e Q Piston Rings: Made of grey cast iron or

alloy cast iron because of their good
 scens wearing properties. g

* The piston rings which are used are always in direct
contact with the liner body and hence they wear a lot,
so periodic replacement is necessary.

* The valves are important components and proper
care should be taken as there might be possibilities
of leakage.

* The gland packing from where the shaft comes out of the
cylinder has to be

taken care of in order to prevent leakage.

* In coupling or the cross head of the pump by which the
piston gets the linear motion will also have to be
checked for misalignment and wear and tear.




Cavitations is the formation of bubbles or cavities in liquid, developed in areas of relatively
low pressure around an impeller. The imploding or collapsing of these bubbles trigger intense
shockwaves inside the pump, causing significant damage to the impeller and/or the pump
housing.

If left untreated, pump cavitations can cause:

a)  Failure of pump housing

b)  Destruction of impeller

C) Excessive vibration leading to premature seal and bearing failure
d) Higher than necessary power consumption

Precaution: NPSHA > NPSHR
Where  NPSHA = Net Positive Suction Head Available
NPSHR = Net Positive Suction Head Required

» Cavitation: evaporation, followed by
condensation (almost instantaneously)
» How to detect cavitation:
o Change in performance curves
2 Visual observation of bubble formation
o Noise and vibrations

» Cavitation effects:
a Noise, vibration
o Material erosion
o Performance reduction (efficiency, etc.)




Occurrence of Cavitation in pumps

= In the figure below p, is less than the atmosferic
pressure. If p, < p,,, (1) ==» Evaporation

However minimum pressure occurs inside the pump
= Pmin <pvap (D Evaporation ==» cavitation
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Occurrence of Cavitation in pumps

pl _Ap > pvap
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