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Lecture - 16
Raw Water Conveyance and Pumping
Hello friends and welcome back. So we have been discussing about the various water
sources, intake and conveyance in this week. So far we did talk about the sources of
water and how we withdraw water from the sources for surface water sources as well
as groundwater sources, which we just covered in the last couple of lectures. This

class we will be talking about conveyance and pumping.

So once we identify a source, whether it is a surface water source or a groundwater
source, and we set up a mechanism for withdrawing water, couple more important
components is because water is there at the source if it is in a groundwater system, so
it is in the aquifer. If it is in a surface water system, so it is either in the lake, river,

reservoir wherever it is.

So for the purpose of withdrawing water from these sources, we set up a kind of
structure which we discussed we can go for wells for groundwater abstraction or we
can go for different type of intakes what we discussed earlier in the week. But setting
up a structure is one aspect, but for withdrawing water we need to pump that water
from the source for that purpose we need pumping and we need to convey that water,
we need to transport that water to the next unit which is treatment facility.
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CONCEPTS COVERED

» Conveyance of Water
» Free Flow and Pressure Systems
» Hydraulic Design of Conduits

» Pumps and Pump Characteristics Curves

v

Capacity of Pumps

So this is what we are going to discuss this week about the pumps that is used for
pumping the water and the conveyance of water. So the concepts that we are going to
discuss is the conveyance of water and how basically the free flow and pressure
systems are used for conveying the water. Then we are going to talk about hydraulic

design of the conduits, major conduits.

And we will discuss about pumps and its characteristic curves and about the capacity

of pumps as well.
(Refer Slide Time: 02:17)

Conveyance/Transportation of Water

There are two stages in the transportation of water:

» Conveyance of water from the source to the treatment
plant,

» Conveyance of treated water from treatment plant to the
distribution system.

7 In the first stage water is transported by gravity or by pumping
or by the combined action of both, depending upon the relative
elevations of the treatment plant and the source of supply.

» In the second stage water transmission may be either by
pumping into an overhead tank and then supplying by gravity or
by pumping directly into the water-main for distribution.

Image Source: https://commons,wikimedia org/ wiki/File:Disi_Water_Conveyance_Project_in_lordan jpg

So to begin with, there are two stages when we need the transportation of water in the
usual urban water systems, okay. The first stage is the conveyance of water from the

source to the treatment plant what we will be basically discussing and then second



stage is the transport of water from the treatment plant to the distribution system,
which is usually done through a water distribution network which we will be talking
about in the later weeks.

So in first stage water is transported by gravity or by pumping or by combined action
of both which basically depend on the relative elevation of the source and the next
stage which is the treatment facilities, so where we are going to install the treatment
facility. In the second stage it is usually done by pumping in most cases okay or at
least pumping is used to done, to send water up to the overhead reservoir.

And from there it can actually be sent by gravity okay or it can be directly pumped to
the water mains for the distribution purpose.
(Refer Slide Time: 03:27)

Free Flow (Gravity) Systems vs Pressure Systems

» In Free-Flow Systems, water in the conveying section flows freely due to gravity. The
hydraulic gradient line coincide with the water surface. Very long conveying sections
may be needed to suit the slope of the existing ground. Typical sections used for
free-flow are: canals, flumes, grade aqueducts and grade tunnels.

» Pressure Systems are closed conduits where the water flows under pressure above
the atmospheric pressure, These are independent of the natural hydraulic gradient
line and thus can follow the natural ground surface, requiring lesser length of
conduit. The pressure conveyance systems are mostly in the form of pipes (which
could be of various types depending on construction material), however closed
pressure aqueducts or pressure tunnels are also used, but not common.

» In case of city/town situated at higher level than water sources, water needs to be
pumped and conveyed through pressure systems, whereas, if the source is available
at higher level than the city/town, treatment plant may be constructed near th
source, and water supply to the town may be done under gravity systems.

/

Now there are two ways for water conveyance or water transport, the free flow
systems and the pressure systems. So free flow systems are essentially the gravity
feed systems, okay. So in the free flow system, the conveying section flows freely,

water will actually flow freely in these conveying sections by gravity, okay.

When it is flowing by the gravity so we know that the hydraulic gradient line will
coincide with the water surface okay and many times we need longer sections because
if the slope is too steep, we cannot use directly it in a free flow system. So we have to

basically keep a check on the slope as well. So based on the existing ground and the



required slope of the conveying section, many times we need to kind of divert our the
pipes or generally the channels okay in free flow systems.

So many times it becomes quite long as well. The example can be canal, flumes or
grade aqueduct, grade tunnels which uses the free flow system. Then there are
pressure systems which typically are closed conduits. The pressure system as the
name itself suggests that water will flow under the pressure and this pressure will be

higher than the normal atmospheric pressure, okay.

So these are independent of the natural hydraulic gradient because any way we are
going to push water through the pressure. So we do not need to align along with the
surface or like look for the slope. So we can use the just natural ground surface or
slope and then even that way we can cut down the length of the total conduit, okay.
So mostly these are in the form of pipes okay which are of various types and made of

various material, but there are other like pressure system as well.

So particularly in the earlier times the closed pressure aqueducts or pressure tunnels
were also used but these days it is quite uncommon to see these kind of structures,
okay. Typically in city town which is situated at higher level of the water source,
okay, if water source is higher level than the city town so that means our water

sources is at higher elevation and city and town is at a lower elevation.

So we are already getting a natural hydraulic gradient. So water can be means if city
is situated at higher level and source is at lower level, so there is basically no way we
can lift water except then pumping. So we will require pressure system, but if it is
opposite means if city is situated at a lower level and source is at a higher level which
is case in hilly terrain side places, so then there is adequate natural gradient is

available.

So we can actually build the treatment plant right near the source and then it is good
to basically have water supply in a gravity fed systems.
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Conveyance of Water: Open Channels and Flumes

» Occasionally used to convey the water from the ‘“l
source to the treatment plant, i

» Ground channels are easily and cheaply
constructed by cutting in high grounds and
banking in low grounds. Flumes may be elevated, 77 vt
supported above the ground over trestles etc, and | '
may be constructed with R.C.C, wood or metal,

» The channels should be lined properly to prevent
the seepage and contamination of water.

» A uniform longitudinal slope is provided to ensure
gravity flow, however the hydraulic gradient line is
controlled within allowed limits to avoid scouring,

—

» Water loss by evaporation, and seepage (if
unlined) are major concerns for open channels.

So in open channels or basically flumes, the water is generally flowed by gravity,
okay. These channels, these like channels being open channel. There are various cross
sections are used for these open channels. It could be rectangular, it could be
trapezoidal or kind of shallow ditch okay, triangular, circular or natural river kind of

slope may also be used.

So these are generally occasionally used to convey the water from source to treatment
plant, okay. There has to have a kind of natural slope because then only it will be
possible to flow in the open channel right? These, particularly if we are making at a
ground, so it is quite easy to construct these channel okay. The high grounds can be

cut and low grounds can be filled in order to get a proper channels okay.

Many times flumes could be elevated also, so like you see here. So there is possibility
of having elevated flumes okay, which will be supported over the ground over kind of
trestles and it could be basically constructed with RCC wood or metals. There are
channel which needs to be generally in order to avoid the seepage losses these

channels should be lined properly okay.

And a uniform longitudinal slope must be provided so that the proper gravity flow
takes place and hydraulic gradient line should be controlled within the allowed limit
because if the slope is too steep, like there is a possibility of high degree of scouring
okay. If slope is, if the channel is lined seepage losses we can reduce, but if channel is

unlined there is going to be huge seepage losses.



And in any case whether it is line or unline, in most cases the evaporation losses are
one of the major problems of such systems.
(Refer Slide Time: 08:35)

Conveyance of Water: Tunnels and Aqueducts

» Aqueducts and Tunnels the closed conduits constructed with masonry,
cement concrete or RCC and used for conveying water from source to the =
treatment plant or point of distribution.

» These are mostly designed as gravity conduit, but sometimes pressure
aqueducts or pressure tunnels are also used for conveying water.

» These are mostly horse-shoe or rectangular cross-section, but pressure
tunnels have circular cross-section, These are generally water tight leading to
very little loss of water.

» The average velocity is usually kept about 1 m/sec

Image Source

Then there are tunnels and aqueducts, okay. These are basically the closed conduits
which are constructed with masonry, cement or concrete or RCC, okay. And they use
to convey water from source to the treatment plant or the point of distribution. These
kind of conduits are mostly designed as gravity conduit. But some time pressure

aqueducts or pressure tunnels can also be used, okay.

Mostly horseshoe or rectangular cross-section is preferred but tunnels can be of
circular cross-section as well okay? And the velocity in these tunnels is usually kept
around one meter per second.

(Refer Slide Time: 09:22)



Conveyance of Water: Pipes

» Pipes are circular conduits used for water flows under
pressure or gravity.

» Pressure pipes are most common these days and have
nearly eliminated the use of channels, aqueducts and
tunnels to a large extent,

7 These are made of various materials like:

Cast Iron (Cl) Pipes I

Steel Pipes

Galvanized Iron (GI) Pipes
Copper Pipes.—

Plastic or Polythene or PVC pipes
Asbestos Cement (AC) Pipes
Concrete Pipes

Image Source; http://www.nitsndt.com/projects/disi-water-conveyance

But again, these kind of structures are also turning obsolete day by day. And in fact it
is the pipe which is by far the most popular means of conveying water okay. So
generally, the pipes are circular conduits okay which are used to flow water, either
under pressure or under gravity. The pressure pipes are the most common as and kind
of pressure aqueducts, tunnels, and those things have almost completely eliminated

now, okay. Older structures were used to be like that.

The pipes could be made of various materials. The more common materials include
the cast iron, which is known as CI pipes or galvanized iron Gl pipes or PVC pipe,
which is plastic or polyethylene and then asbestos cement pipe, concrete pipe, steel
pipe, copper pipe. So depending on the cost, size, scale we can actually choose the
appropriate pipe for our purpose.

(Refer Slide Time: 10:17)



Hydraulic Design of Conduits

» The design of water supply conduits depends on the resistance to flow, available pressure or head, and

allowable velocities of flow. \\Aﬂ

» Although there are several formulae, generally, Hazen-William's formula for pressure conduits and
Manning's formula for free flow conduits are preferred:

Hazen-William's formula: v=0.85 C r, /557

V= 4 & = =
Manning's formula: v=1/, 235 L
where, v=velocity, m/s;  S=slope; 1= hydraulic radius(=A/P), m;

n =Manning's roughness coefficient; ~ C= Hazen-William's coefficient,
Darcy-Weisbach formula (for pipe flow): h,=(fLv’)/(2gd)
where, h,= lead loss, m; d=pipe dia, m; v=velocity, m/s;

L= pipe length, m; f = friction factor (=4f’), dimensionless
f'= coefficient of friction g = acceleration due to gravity, m/s*

Now how when the flow takes place in these conduits, okay there is going to be a
head loss and when we go to the designing these conduits, we must see that how
much head loss is there, because we will have to cover that head loss through
applying pressure okay or pumping water with that much pressure so that it can

actually overcome the head loss.

So this will help in basically estimating the capacity of the pumps which is to be used,
okay. Now there is this head loss typically take place because of the resistance to flow
okay and available pressure or head whatsoever is there and the velocities which are
there in the system. So although there are various formulas for this the three popular
formula are Hazen-William formula, Manning’s formula and Darcy-Weisbach

formula.

The Hazen-William formula is preferred for pressure conduits and Manning's formula
is good for the free flow conduits okay. Darcy-Weisbach formula for pipe flow is also
one of the very common equations which is used, okay. So as per Hazen-William
formula it is actually the velocity in the pipe can be given as 0.85 C r to the power
0.63 and S to the power 0.54, okay.

Now here, velocity is something which we can estimate but many times like if you
want to design or say set up a system we may actually assume a velocity okay? Here

C is the Hazen-William constant r H is the hydraulic radius which is basically A/P or



generally weighted parameter is taken, okay if it is a, but being a pipe flow if the pipe
is say fully covered so it becomes the perimeter of that.

So A/P is taken as the hydraulic radius r H and S is the slope which is equal to the
head loss by the length okay. So the systems are to be laid as way that your slope
becomes actually whatever is the head loss divided by the length. So if say this is our
pipe system, so net slope, like the from flow from here to here if this is the head loss
okay, if this is the net head loss and this is the length of the pipe L, so our slope
becomes h/L okay.

So that way we can have an idea estimate an idea of head loss. So if we assume a
velocity, suitable velocity in the pipe or in the conduit then we can use this equation
in order to get the head loss if we know the length, radius and other aspects of it.
Manning's formula is good for the free flow conduits. So for channels like rectangular
channels, circular channels or trapezoidal channels, it is v is equal to 1 upon n r H to

the power 2 by 3, S to the power 1 by 2.

Again the same thing over here and Darcy-Weisbach formula which is used for pipe is
h L is equal to fLv square by 2gd okay. So here h L is the head loss okay. Again if
you want to kind of get the slope. So slope can be head loss by L so that in the Darcy-
Weisbach formula can be written as fv square by 2gd okay. So this will become the

formula for slope whichis h L by L.

So h L is the head loss, L is the pipe length okay, d is the pipe dia, f is the friction
factor here okay, which is equal to 4f prime. So in Darcy-Weisbach formula there are
two type of friction factor or coefficient of friction are used. So one is friction factor

which is usually taken as four times of the coefficient of friction which f prime.

So the Darcy-Weisbach formula another form of the Darcy-Weisbach formula is h L
is equal to f prime we can say. If we are using coefficient of friction instead of friction
factor, so it becomes 4f prime Lv square by 2gd. Now this 4f prime is actually
replaced by f, if we are using friction factor directly while if you are using coefficient
of friction, so the formula becomes 4f prime Lv square by 2gd, okay. And g is the

acceleration due to gravity here.



(Refer Slide Time: 15:24)

Roughness Coefficients and Friction Factors (CPHEEQ Manual)

» Hazen-William's Constant

P, v .
Pipe Material Recommended C Values Pipe Material Recommended C Values

New Pipes”  Design Purpose _\'(‘\v Pipes®  Design Purpose

Unlined Metallic Pipes

: Projection - Method ~ Cement
Cast Iron, Ductile Iron 130 10X

i i i Mortar Lined Metallic Pipes

{
Galvanized Tron above 30 mm da 1 | Cast rom, Ductle Tron and Mkd 130
oed Pipes

nmechons.

Non Metallic Pipes
. 10 RCE Spun Conerete

Centrifugally  Lined Metallic bt

I'[/y.:n Prestressed Conerete
(1 I

Up to 1200 mm du 0 140
130 mm da 145 145
\sbestos Cement 150 4

PVC, GRP and other Plasty pipes. 150 145

So these are some of the formulas which are used for the hydraulic design and the
coefficients used in this formula can be estimated or generally it is actually assumed
based on the certain characteristic of the material, age and those kind of thing. So like
CPHEEO manual suggests that Hazen-William constant for depending on the pipe

materials, for different kind of pipe material.

If it is unlined metallic pipe of cast iron ductile iron for new pipes it is to be 130. For
design purpose, it can be taken as 100. Galvanized iron again 120 55. So centrifugally
lined metallic pipe, then nonmetallic pipes, then projection method cement mortar line
metallic pipe. So for the different type of materials, what the design value may be
taken and what is typically available when the pipe is new.

(Refer Slide Time: 16:19)



Roughness Coefficients and Friction Factors (CPHEEO Manual)

» Manning's Roughness Coefficient

Type of lining Condition “ Type of lining Condition "
Glazed coatng of !n!mlr}mnke 0010 Farth (a) Regular surface i ,n-n!(vvu.hhrm 7 0020
enamel Timber (b) In ordinary condition 0025
() Plane bourds careflly id 0014 (6 With stones and wecds 01
(b) Plane Boands infesior workmanship of aged, M016 (d) In poor condiion 003
(¢) Non-plane boards carefully lad 0016 (¢) Pactally obstructed with debais or weeds 0.050
(d) Non-plane boards ifesor workmanship or 0018 Steel (1) Welded 0013
ayed () Riveted 0017
Masoney (a) Neat cement plastee 0013 (¢) Slightly tabereuated 0020
(b) Sand and cement plaster 0015 (d) Cement Mortar kned 0o
(¢) Concrete, Steel troweled 0014 Cast Ieon & () Unlined 0013
(d) Concrete, wood troweled 0013 Ductile Iron (b) Cement mortar hined 001
(¢) Brick in good condition 0015 Asbestos Cement 002
(f) Brick in rough condition 0017 Plaste (smooth) 0011
(® Masonty in bad condition 000
Stone work () Smooth, dressed ashlae 0015
(b) Rubble set in cement 0017
(¢) Fine, well packed gravel (1)

Similarly, there is available values of Manning's roughness coefficient okay. So for
glazed coating of enamel timber, these are the values; masonry, stone work, earth,
steel, cast iron. So far the different values and the different conditions whether they
are smooth, they are rough, they are fine, well packed, so for different conditions, the
end values have been suggested.

(Refer Slide Time: 16:50)

Roughness Coefficients and Friction Factors (CPHEEO Manual)

» Friction Factor for Darcy-Weisbach formula

SNo | Pipe Material thigmm;lmm; " Friction Factor |
e [ ForDesign |
| From | 'To New | Period of 30
L | [ em
. | RC( 100 | 2000 | 001 0 002 [ 001 o 002
| | Sl B onieSlodes s Sisad
: A( 10 | 60 | 001w 002] 001w 002
JIRVEVAL W A SN
HDPE/PVC A | W[ 00w 062 | 001 w002
CO]SGSWT T [TI0 [ 60 | 001 o 002 | 001 10 002
—— e e} ———— ]
T P 1001 1000 | 001 w 002 [—hlli\n. 0.0}
(for comosive \ ‘
witers | |
! - - et it Do b i ans,
6 | ClI 100 | 1000 | 001 0 002 ‘ 003 10 007
|
| (for non-comosive | |
| waters | ‘

Cement Mottaror | 100 | 2000 | 001 1o 002 | 001 w0 002

| Epoxy Lined i
|
TR PN 15 ] 0 001 w0 00 [051510 'ﬁn?{j

metallic pipes
(Cast Iron, Ductile
Iron, Steel)

Similarly, the friction factor for Darcy-Weisbach formula is also available, okay. So
depending on the pipe material and the diameter ranging we can get the friction factor
for new pipes or for design period of 30 years what value we can actually assume for
the friction factor in the Darcy-Weisbach formula. So these are the recommended
value from CPHEEO manual.

(Refer Slide Time: 17:16)



Rising Mains (Raw Water Mains) i~ H/:‘/

-

» Rising main is the pipe through which the pumped water is
transported to the next unit (generally treatment plant).

» Generally the rising main should convey the water direct from
the pump to the high-level storage tank without being tapped 5
or having water drawn off in any way,

» For a pre-fixed demand (discharge), water may be pumped
through a bigger diameter pipe at low velocity, or through a
lesser diameter pipe at high velocity,

7 The larger dia pipes are costlier thus capital cost of the project . ;
will increase, however in. Smaller dia pipes are relatively £
cheaper, but requires operation at higher velocity leading to

higher head loss and thus require more power for pun SR NN
(increased operation cost). dz, = \H( % * hdo kb
)

The other sources are also there which might actually guide on some different

numbers as well, but, still they are pretty close and more or less in the range, similar
ranges. Now these are the different kind of system and this is how we design but, as
we said that one of the major part of the conveyance or transportation is transporting

water from the withdrawal and or withdrawal sump to the treatment facility.

And that is usually done using rising main or which is also known as raw water
mains, okay. So rising main is basically the pipe through which the pumped water is
transported to the next unit, generally treatment plant okay. The rising main should
convey the water directly from the pump to the high level storage at the treatment

plant and it is not advisable to basically tap water from the rising main in the midway.

But many times if say there is a small locality and there is no alternate source, many
times like not many times though but few times rising main serves directly for
supplying water to some community but otherwise usually the common practice or the
advisable mechanism is that we take the water directly from the sump or from the

withdrawal point to the treatment facility okay.

Where we can store in a high level storage tank and from there the water can be
treated. Now for a fixed demand like we know how much water is to be supplied to a
city or community or town okay. As we discussed we can estimate the water demand.
So once we know the demand we know that what flow rate needs to be pumped

through a rising main. So there are two options okay.



We can go for a rising main of a bigger dia and then keep the velocity small or we can
go for a smaller dia and have the higher velocity, okay? Because we know once the
discharge is fixed, okay if we know the discharge is fixed, so we know Q is equal to V
into A okay. So it is actually the velocity times cross-section area of the pipe. So we
have two options. We can have a bigger A and smaller velocity, okay?

Or we can have a smaller area and higher velocity in the rising main. Now both of
these cases have their own advantages and disadvantages and which one to choose
will actually be governed by the overall cost of the system, okay. Why both have
advantages and disadvantages because if we are going for a more area, bigger area

which means bigger dia pipe okay.

So of course, if you are going for a bigger dia pipe, the pipe is going to come costlier
okay like having a 200 mm dia pipe versus 1000 mm dia pipe or one meter dia pipe.
Of course one meter dia pipe is going to be much more costlier okay. So the capital
cost of the project will increase, okay. If we are going for smaller dia pipe, we can

actually save on the capital cost front.

Now coming to the velocity, if we are going for a bigger dia pipe we are going to
have the low velocity in the rising main. Now low velocity means that head losses are
going to be lower, okay. Remember, head loss in the pipe is equal to as we just saw if
you follow that formula f Lv square by 2gd, right? So a bigger dia pipe means d is

high and v is low, so we are going to eventually get less head loss for bigger dia pipe .

For smaller dia pipe we are going to have d less and v high, so the head loss will be
quite high. So higher head loss means more power would be required for pumping
and that will increase the operation cost. So at one end, we are going to get the high
capital cost, low operation cost, at other end we are going to get low capital cost, but
high operation cost, okay. So which one is to be chosen is depend on the overall cost
okay.

(Refer Slide Time: 22:19)



Economic Diameter of Rising Mains

» The pipe diameter and material is selected such that
overall cost of the project should be minimized from both,
operation-maintenance and construction point of view.

» The diameter which provide such optimum condition
(overall most economical in initial cost as well as

maintenance cost) is known as “economic diameter”
. —————
of the pipe.

» Lea's empirical formula for economic diameter suggests
D=097t01.22VQ
e —
Where, D is Economic dia of pipe, in m, Q= Discharge, in m*/s

» Generally, a velocity range of 1~ 1.5 m/s is preferred for
Rising Mains

So when we basically include both the pipe diameter will be selected such that the
overall cost of the project is minimized from both operation maintenance as well as
construction point of view. Generally, the diameter which provides such optimum
condition which is basically overall most economical in initial cost as well as

maintenance cost is typically known as the economic diameter of the pipe.

And there is a Lea’s empirical formula for getting this economic diameter of pipe, so
Lee has suggested that D = 0.97 to 1.22 which is a factor, in between any factor can
be chosen square root of Q gives the economic dia of pipe okay where Q is the

discharge in meter cube per second.

Generally velocity in the range of 1 to 1.5 meter is preferred for rising mains, but at
times we can go higher up to 2 meter or so, or at times we can go a little lower also up
to 0.8 meter or so. It is not advisable to have very high or very low velocity in the
rising main for reasons that very high velocity, again as you saw that head losses is
going to be very high and there is a possibility of like scouring due to the turbulent

flow if the velocity is too high in the rising main.

And very low velocity might lead to some sedimentation in the pipe which will reduce
the capacity of the pipe okay which is unintentional in fact. So, that way it is to be
seen that even the very low velocity is also not preferable. So ideally 1 to 1.5 meter

range is preferred. Again this number fluctuates based on the place to place. Generally



not too low or not too high a velocity is recommended in the rising mains and we can
get the overall economic dia of the pipe that way.
(Refer Slide Time: 24:21)

Pumps for Water Withdrawal and Conveyance

or any fluid to higher elevations or at higher pressure. Pumps are employed in water supply

» Pumps are devices which convert mechanical energy into hydraulic energy for lifting the water 1
projects at various stages for different purposes:

» Tosupply pressured water for fire hydrants.
g

» To boost up pressure in water mains.

» Tofill elevated overhead water tanks,

S

» To back-wash filters,

» To pump chemical solutions, needed for water treatment,

S

Now for flowing water through these systems mains or the conveyance systems that
we discussed, we need pump okay. So pump is required for water withdrawal and
conveyance and pump are typically devices which convert mechanical energy into

hydraulic energy for lifting water okay when we are talking about in terms of water

pumping.

So water or any fluid can be lifted that way to higher elevation or higher pressure,
okay. In water supply projects pump are used at several different locations for
different purposes, okay. So water can be used, the pump can be used to lift the raw
water from well to treatment works. It can be used for filling the elevated distribution

reservoir or overhead tank.

It can be used for delivering the treated water to the consumer at desired pressure
means in the water distribution system. It can be used for supply pressure water for
fire hydrants. It boost up pressure in the water mains also at times. So booster pump
are required in the rising mains or the mains in the water distribution system, okay. It

is used to fill the overhead water tanks.



It used to basically back-wash filters. Small pumps are used to feed the chemical
solutions which are needed for the water treatment purpose. So there are different
applications of pump in a overall water supply projects.

(Refer Slide Time: 25:52)

Classification of Pumps

» Pumps are mainly divided into two major categories, Dynamic (or Kinetic) Pumps and
Displacement (or Positive Displacement) Pumps. However, there are various sub-classifications, as: v

O

Based on principle of operation: Based on type of services: £
Qbisplacement pumps (recipracating, rotary) ~ JLowift pumps | n » i
QVelocity pumps (centrifugal, turbine, jet) J”‘EM”‘DS .

e Special ffect
QBuoyancy pumps (air lift pumps) QDeep-well pumps : " Ntutmgek
Qimpulse pumps (hydraulic rams) UBooster pumps i o

QStandby pumps [—
Based on type of power required: . (oo e
QElectrical driven pumps ~ QSteam engine pumps } S oo
Al abidy .

QGasoline engine QDiesel engine pumps ‘ R 7N

— i Image Source: http

The pumps are mainly divided into two major categories which are dynamic or kinetic
pumps, okay and the other are the displacement or positive displacement pumps.
However, there are various sub classes okay. So pump can be classified in many
ways. So rotodynamic or dynamic pumps like centrifugal pumps or a special effect

pumps can come under this category.

So jet pumps, peripheral pumps, mixed low axial flow, different type of centrifugal
pumps and then the positive displacement pumps can be reciprocating or rotary and
reciprocating pumps can be of the form of piston or plunger or diaphragm and rotary
pumps can be like single rotor or multiple rotor that way. Apart from this, if we look

again like the other aspects, so the principle of operation for that matter.

So there are there could be displacement pumps, the velocity pumps, buoyancy pump,
impulse pump. If we see the power requirement criteria so electrical driven pump,
gasoline driven pump, steam engine pump, diesel engine pump and then if we leave
the type of services so then we have low lift pump, high lift pump, deep well pump,

booster pump, standby pump.



There are other aspects also like submersible pump and those kind of pump also can
be there in these classes.
(Refer Slide Time: 27:15)

Centrifugal Pumps

» The water which enters inside the pump is revolved at high
speed by means of impeller and is thrown to the periphery by
the centrifugal force.

Q Centrifugal pumps are the most used pump worldwide, due to simple
working principle and relatively inexpensive manufacturing cost.

{ Due to compact design, they require very small space, are easy to
move and provide a lot of flexibility.

{ They have rotary motion due to which there very low or no noise

{ They are not damaged due to high pressure

{ The main disadvantage is that they have almost no suction power
(use rotation insteed), and thus must be put under water, or primed,
before it will move water,

{ Centrifugal pumps can also develop “cavitation” when the speed of
the water causes it to vaporise, creating bubbles in the liquid, The
speed and the implosion of the vapour bubbles can be corrosive to
the impeller surfaces and pump casing,

Image Source: htos:/aloumps.com.au/classification-of-pum

So some of the more common pumps are like centrifugal pumps which is basically
works on a principle that water enters inside the pump and is basically revolved at
high speed by means of the impeller. So there would be a impeller okay and there
would be these are impeller blades. So if this is inlet, water enters here and then once
this is rotated, so because of these rotation it actually like send water outside so on the

peripheral by the action of the centrifugal force.

So these are one of the most used pump worldwide, simple working principle,
relatively inexpensive manufacturing cost okay. The design is compact, very small
and they offer, since there is a rotary motion okay so there is no kind of vacuum
creation or that kind of thing. So there is very low or no noise. And these are

generally not damaged. So works for 15, 20 years okay the life services is quite good.

There are a couple of disadvantages also that they typically have no suction power as
because they do not create a vacuum or anyway. So if we are running it in a dry, so it
will actually remain dry because there is no suction power. So until unless water is
inside the this thing, so the pump has to be put first inside the water or water has to be

put inside the pump, which is typically known as the priming.



So we have to basically prime these pumps before it actually starts moving water and
at times the cavitation phenomena also happens because the speed of the water, there
are like some vapor bubbles are created and these like bubbles when they create so the
speed and implosion of these vapor bubbles can be corrosive for the pump life okay.
So these are the couple of disadvantages of these pumps.

(Refer Slide Time: 29:23)

Jet Pumps

» Jet pumps, powered by an electric motor driving an impeller,
moves water from the well through a narrow orifice, or jet,
mounted in the housing in front of the impeller, This constriction at
the jet causes the speed of the moving water to increase, and as
the water leaves the jet, a partial vacuum is created that sucks
additional water from the well, Directly behind the jet is a Venturi
tube that increases in diameter to slow down the water and
increase the pressure.

» Different types available: Shallow Well, Deep Well, Submersible.

Q These days, these are most common pump for a shallow well. |
Q Depending on type, can be submersible or offsets from the well,
Q Inexpensive and require less maintenance
0 Adaptable to different depths and can pump water from greater depth q;'—a
Q Its efficiency reduces as the total suction lift increase. P2 07'mlw Q" Q4 +4,)
U Gets damaged easily by sand. Image Source: htps://wellpumpcent ypes-wel-pump
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Then jet pumps are again a very popular type of pumps which are used for relatively
like different level. So the jet pumps could be of different type. There are shallow
well jet pumps, deep well jet pumps or submersible jet pumps okay. These are
typically powered by electrical motor which drives an impeller and this impeller

moves water well through a narrow orifice okay.

So there is a very narrow orifice which is jet and it moves the basically when the
water is comes out of the jet okay, this contraction of the jet causes the speed of
moving water to increase and as the water leaves the jet there is a partial vacuum is
created and this will further suck the additional water from the well. So speed

becomes very high okay.

Directly behind the jet there would be a basically Venturi tube, which will increase
the diameter further okay. So if this is jet, so as we say that the diameter will be
increased further and once the diameter increases further basically the speed of the
water slow down and pressure is increased. So these are most common for shallow

wells okay. Further depending on type it can be submersible or offset to the well.



So jet pumps can be not necessarily has to be put into the water. So there is no
priming needed for these type of pumps, okay. They are adaptable to the different
depth and can basically pump water from the greater depth as well. Its efficiency
reduces when the total suction lift is increased and it may get damaged by sand. So
these are the couple of issues with the jet pumps.

(Refer Slide Time: 31:10)

Rotary Pumps

» These are positive displacement type pumps which create vacuum
mechanically by the movable part of the pumps, where for each
revolution of the pump, a fixed volume of fluid is moved regardless of
the resistance against which the pump is pushing.

» Examples are gear pump, screw pump, and moving vane pump.

{J Rotary pumps are easy in construction and maintenance, and have no valves.

Q Gives steady and constant flow at high efficiency, especially at low to
moderate heads.

{ Do not require any priming as they are self-primed

Q Often used for the individual building water supply and for fire protection

{ High initial cost as well as maintenance cost due to gears abrasion

{ Cannot pump water containing suspended impurities as the wear and
abrasion caused will destroy the seal between the cans and the casing, also | ||| R
any blockage in the system could quickly cause damage to the pump ora | o EZENE Wi s i

rupture of the system. el _

Then there are rotary pumps which are another very simple pumps like uses the
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concept of gear pump, screw pump or moving vane pump. So rotary pumps is a
positive displacement type of pump which creates vacuum mechanically by movable
parts of the pump. So when each revolution of the pump a fixed volume of fluid is

moved regardless of the resistance against which the it is basically pushing.

So what happens like there would be gears and as they like moves, so a suction will
be created and this suction will actually suck water from here. So as the suction is
created so they do not priming any, means it is not necessary to basically put pump
into the water or put like it has to be filled with water in to begin with. Because of the

suction pressure it can actually suck the water directly as well okay.

So these are easy in construction and maintenance. There is no walls that way okay.
Will give quite steady and constant flow at very high efficiency especially when we

are operating it at the lower efficiency. As the suction pressure is created say they do



not require any kind of priming and for individual buildings water supply or fire

protection, these are very common type of pumps, rotary pumps.

The issues are that initial cost as well as maintenance cost is relatively higher due to
the gear abrasion and if there are suspended impurities so then it is not advisable to
use rotary pump because the suspended particles will come and they will basically
cause the wear and abrasion and they destroy these can and casing of the pump. So
that is one of the major risk of using rotary pumps particularly in the high suspended
materials concentration.

(Refer Slide Time: 33:03)

Reciprocating Pumps

» Reciprocating pump is a positive displacement pump operating on the
principle of pushing of liquid by a piston that executes a reciprocating
motion in a closed fitting cylinder. During suction stroke, it sucks liquid
and during discharge or return stroke, delivers liquid under pressure,
The discharge depends on the swept volume and the pump speed.

» Examples are Piston pump, Plunger pump, and Diaphragm pump.

{ Reciprocating pumps operate at higher efficiency compared tc other pump. In
most cases, at any set point, reciprocating pumps operate arot nd 90%.

{ Gives high suction lift and high pressure at outlet.

{ Do not require any priming

Q suitable for low volumes of flow at high pressures

Q The main disadvantage of a reciprocating pump is the high maintenance and
short life, due to high wear and tear,

Q Flow is less and non-uniform, thus cannot be used for high flow operations.

{ More heavy and bulky in shape. Image Source: bt

ittps:/fwww. powerzone.con

Then there are reciprocating pumps. The reciprocating pumps is basically again a
positive displacement pump which operates on the principle of pushing water by
piston. So it is simple kind of system. There would be a piston which will be connect

by a piston rod and then there is a connecting rod and this actually revolves.

So when this revolves, so when this point goes towards this direction, the direction of
the piston will be this and the suction wall will be actually open. It is a two way in
fact, one way wall that way. So what happens that suction wall will be open and when
this piston moves here, so water will be sucked in here. The delivery wall is closed at

that time, so there is no water coming in here.

And so when this reaches here, this will be piston will be at maximum position here

and the water will be sucked over here and this actually this entire chamber will be



filled with the water. Now what happens after that when the piston starts moving
again from this point, so when it is starts then again the moment of piston becomes on
the other direction and it will it becomes pushing.

At that time the suction valve is closed and the delivery valve is open. Now whatever
water is in the chamber will be actually pushed through delivery wall and it will go to
the delivery pipe that way. So it is works on that simple principle, okay. It is very
much like straw you can see okay. You can suck the water from the straw so that is
what typically happens over here in these systems okay.

During suction stroke, it will suck liquid and during discharge or return stroke it will
deliver liquid under pressure okay and the discharge will depend on the swept volume
and the pump speed, how frequently it is actually pumping. There are piston pump,
plunger pump and diaphragm pump which are of reciprocating type. These have a
good efficiency as compared to the other pumps.

In most cases if we are setting up a point it works with a efficiency around 90% okay.
This gives high suction lift and high pressure at the outlet. Again, no priming is
required because this is creating a suction pressure and it is good and very suitable for
low volumes of flow at high pressure. The disadvantage is that the maintenance is
higher okay and the relative life of the pump is short because of too much movement

of piston and wear and tear.

The flow is less and usually non-uniform. Thus cannot be used for very high flow
operation, okay. So for big discharge these kind of pumps are not required okay and
these are relatively more heavy and bulky in shape also.

(Refer Slide Time: 36:09)



Pump Characteristic Curves

» The pumps are usually designed/standardized at specific speeds, flow rates and heads, but in
actual practice the operating conditions may be different, The behavior of the pump may be quite
different for changed conditions. In any practical application, the pump needs to work with its
best performance. The performance of any type of pump can be shown graphically through Pump
Characteristic Curves, which can be based on either the tests conducted by the manufacturer or
the simulations done by the designer. Thus, these can be defined as ‘the graphical representation
of a particular pump’s behavior and performance under different operating conditions”

» Most pump manufacturers have their own pump testing laboratories. They normally publish a set
of characteristic curves for each pump model manufactured by them.

» While operating pumps, it is important to check that the flow rate and head of the pu
within the required specifications as per the Pump Characteristic curves. These plots,
important role in understanding the region in which the pump needs to be operated,

» Pump characteristics curves can be classified into four groups (Main characte,
Operating characteristic curves, Constant efficiency curves, and Constant head
discharge curves), with each group characterizes one aspect of the pump’s perform,

So these are the different type of pumps okay. Now these pumps actually are
standardized at one particular speed generally in the manufacturer’s place so as fixed
speed or specific speed flow rates and heads at which these pumps are standardized.
But actual operation does not take place in these ideal conditions. So the behavior of
pump maybe different for these different changed conditions.

So for these practical applications pump need to work for the best performance. Now
the best performance of any of the pumps are typically shown by the manufacturer to
the pump characteristic curves. So pump characteristic curves are typically the
graphical representation of a pump’s behavior and performance under the different

operating conditions, okay.

Typically, the manufacturers have their own pump testing laboratories and they do
different kind of test and publish a set of characteristic curves for each pump model,
which they manufacture, okay. When we are operating the pumps, we can use these
characteristic curves to see the actual performance of the pump and this will also give
us an idea that what is the good range to operate these pumps where we can get what

kind of efficiency. So these characteristic curves are very helpful in that regard.

These characteristic curves are classified into four different groups. There are main
characteristic curve, operating characteristic curve, then constant efficiency curve and
constant head and constant discharge curves, okay.

(Refer Slide Time: 37:49)



Pump Characteristic Curves: Main Characteristic Curves

» The pump is usually designed to run at the same speed, but in field, may operate at different speeds. The
mail characteristic curves of a pump presents its performance when operated at different speeds.

» For each speed, the pump discharge (Q) is varied by means of a delivery valve and for the different value
of Q, the corresponding values of manometric head (H,,), shaft power (SP) and overall efficiency (h,) a
measured or calculated.

» Thereafter, H,, vs Q; SPvs Q, and h, vs Q curves for different speeds are plotted.

Example:
Main characteristics f-"
curves of a typical §
centrifugal pump

So each group basically tells about the different aspect of the pump. So the main
characteristic curves are usually designed to run means, usually to show what will
happen if it is running at a different speed. Because in actual the pump is designed to
run at a fixed speed or same speed, but in field it may be operating at a different

speed, say in field there is no power.

So you may run pump using some diesel engine or some other kind of power, many
times tractor power are used for running pumps okay. So if you are running at a
different power or different speed, so there the main characteristic curves are helpful

in order to see how it is going to perform.

So for each speed the pump discharge Q is varied by the means of a delivery wall and
the different value of Q and the corresponding values of the head which is
monochromatic head then shaft power and overall efficiency is measured or
calculated. And then head versus discharge, then shaft power versus discharge or
overall efficiency versus discharge is calculated and plotted and that gives the main
characteristic curves of the pump.

(Refer Slide Time: 39:04)



Pump Characteristic Curves: Operating Characteristic Curves |
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Operating characteristics curves of a centrifugal pump
Image Source: hitp://ecoursesonline.iasri,res.in/mod/page/view.php?ids 1864

The operating characteristic curve of the pump are good for during operation purpose.

So when the pump is operated, it must run on a constant with design is speed, but the
set characteristic curve corresponds to the design speed is mostly used in the pump
operation, okay. And that is why these curves are used as a kind of operating

characteristic curves.

So the operating characteristic curves will be H m versus Q, h naught versus Q or SP
versus Q. And then the positive net suction head required which is NPSHR versus Q
under operating conditions under a basically constantly speed conditions, not variable
speed, here the speed is constant. So these kind of curves are called operating
characteristic curves.

(Refer Slide Time: 39:54)

Pump Characteristic Curves: Constant Efficiency Curves

» The constant efficiency curves (or iso-efficiency curves ~ « ow|
or Muschel curves) help determine the range of pump W”” A,
operation for a particular efficiency. These may be ?» ¢ \é";rqﬂ
obtained from H,, vs Q and h, vs Q curves of main ¢ 10 ON A
characteristic curves, g o N\
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constant efficiency curves, §'° N

» From these curves, the line of maximum efficiency . i T !
can be obtained. This enables user to see directly the 0 oy 0 »
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range of pump operation for a given efficiency. These
curves further serve as a suitable basis for the

comparison of pumps. Example:

Constant efficiency curves of a centrifugal pump

Image Source: http://ecoursesonline. iasri res.in/mod/page/view.php7id=1864




Then there are constant efficiency curves. So these are also known as iso-efficiency
curve or Muschel curves. So these help in determine the range of pump operation for
a particular efficiency. So you can see that there are iso-efficiency lines like this is

60% efficiency, 70% efficiency, 78% efficiency.

So if you want your pump to operate over 74% or 75% efficiency, so these are the
conditions like for wearing discharge and monochromatic head. So by the
combination again these are the constant efficiency line and these are the this
particular is the line of the maximum efficiency of the pump. This is the RPM of the
pump, the different RPMs.

So you can say that say at what discharge what head and what RPM, how much
efficiency will be there and in order to operate at a constant efficiency, what the
flexibility you may have for the variation.

(Refer Slide Time: 40:52)

Pump Characteristic Curves: Constant Head and Constant Discharge Curves

7 In many cases, a pump may be required to deliver water at
a certain height, wherein head (H) is fixed. In such cases, if
the pump speed (N) varies, the discharge of the pump will
also be affected. In order to predetermine the performance
of the pump under such conditions, it is necessary to draw a
constant head curve by plotting Q versus N.

» The constant head curve can be used to determine the
speeds required to discharge varying amounts of water ata * '
constant pressure head,

» Similarly, to determine the speeds required to discharge a o
certain quantity of water at different heads or to find
variation of head with N, it is convenient to draw constant

discharge curves by plotting H versus N. Example:
Qersus N, H, versus N, and P versus
N curves of a centrifugal pump
Imoge Source: hitp://ecourse o lagri re page/view.phplid=1864

Then there are constant head and constant discharge curves. So in many cases the

pump may require to deliver water at a concert head. So basically when the height is
fixed like if you are pumping water from a well, so you know that from which point
what point is the suction point and what point is the delivery point. So the height is

fixed here.

So in such cases, if you vary the pump speed how the performance of the pump

depends. So Q versus N can give you basically constant head curve and similarly,



many times when we go for a constant discharge also, so we know that here the
discharge amount is fixed. So we can actually plot that way.
(Refer Slide Time: 41:37)

Capacity of Pumps
» Total head (H, m) to be supplied by pump e
= Suction head (h,) + delivery head {h,} + fnctlon Ioss hé + Minor lossg: o exit, entrance, bends valves etc
.—-__74’ Bij |

> Work done by the pump
= mass of water to be lifted (m, kg). acceleration due to gravity (g, m/s?). total head to be covered (H, m)

=mgH = pVgH [as m = pV, where p is density of water, kg/m?® and V/ volume of water puny

> Power Required (P, Watt)
= Work performed per unit time (t, s) = pVgH/t = (pg)(Q/t)gH = yQH

[as V/t=Q, and pg =y, where y is specific weight of water, N/m3 and Qs discharge of pu

So these constant head and constant discharge will also give us the fourth type of
characteristic curve which might be quite useful in the field. Then, for determining the
capacity of the pump, what we do, we first calculate the total head that needs to be
supplied by the pump. Now this total head is suction head, delivery head plus friction

loss head okay.

So that means like if you see a typical system if say this is my water source okay and
then this is my say pumping station okay, so this becomes my suction head so from
where the pump is and how deep the water is suction head and then we have to deliver
the water to an overhead reservoir. So this becomes my delivery head. So this is the

suction head and delivery head.

And if we are transporting this water through pipe or let us say this point is reservoir
point is located at far rather far of places. So if this is my pump house, this is my
source this is suction head to begin with. And then a pipe is laid down like this in

order to basically send water to a delivery head.

So the difference in the head here is the delivery head and when the water will be
flowed through a pipe system in here so there will be frictional losses as we discussed

earlier. So there will be frictional losses which is basically the friction loss which also



needs to be covered and apart from that there are minor losses due to entry, exit

entrance, bend, valve etc.

So but these losses are pretty less in comparison to friction losses. So that is why
friction loss is known as major loss component in pipe flow. And these are known as
minor loss component in pipe flow which is very little and particularly for raw water
intake can actually be neglected often. So for knowing the capacity of the pump we

must know that what height it needs to be basically suck the water.

So that will be suction head, what height it needs to deliver the water so, that is my
delivery head and when | will flow through this pipe, what is going to be the total
friction losses at least. And then if we know the minor losses it is fine otherwise we
can ignore them. So work done by the pump we know that work done is basically
mass of water to be lifted, so in kg.

Then acceleration due to gravity and then total head to be covered. So mgH mass into
gravity into the total head that needs to be covered is there and mass can be
represented as the density of water into the volume of water pumped. So this becomes

rho VgH. Now power required would be the work performed per unit time.

So rho VgH divided by t okay, which can be written as gamma QH okay because rho
g can be written as gamma which is the specific weight of the water okay in Newton
per meter cube and this V by t, V by t is actually the discharge okay because volume
of water pumped per unit time. So that will become actually, this will become gamma

and this will become Q. So gamma Q into H becomes the formula for this okay.

So the total power required is gamma QH and this power required is in watts okay. So
that is how we can basically estimate the total power required by the pump.
(Refer Slide Time: 45:30)



Capacity of Pumps

»  Hydraulic Horse Power or Water Horse Power (HP)  [1HP= 746 W = 0.746 kW]

= YQH/746 [Vivater = 9807 N/m? = 9,807 kN/m* |

»  Break Horse Power (BHP) required, considering n as overall efficiency

=HP/n = (yQH/746)/n
—_—

The total BHP required may be supplied with a number of pumps. As a common practice, even

number of pumps say 2,4,... are provide and half of the pumps are required as stand-by.

L) :
b= Bt

Now the capacity of the pump further if you want to determine in the terms of water
horsepower or what is the hydraulic horsepower needed for this, so for horsepower we
know that watt can be converted to horsepower by dividing 746 in one HP there is
746 watts or 0.746 kilowatts typically. So it becomes gamma QH/746. That becomes
horsepower and if we apply the efficiency criteria that overall efficiency of pump is

say eta then the brake horsepower or BHP becomes the horsepower divided by eta.

So this is the total power that would be needed gamma QH/746 which is basically the
horsepower and we divide it with the pump efficiency. So this is the total BHP
required which may be supplied with the number of pumps. As a common practice
even number of pumps are used like 2, 4, 6, 8 that way used. It is not mandatory

though.

Many times like particularly if the number of pumps required is large we can go for
odd number as well and half of the pumps are required as standby okay. So if let us
say total BHP needed is known to us. So we will see that n number of pumps of say,

some specific power would be actually sufficient for this.

So we provide generally 2n number of pumps where half of the pumps n number of
pumps will be working and n number of pumps will be standby okay. However, if n is
too large we do not need actually to just double it. For smaller like if you need just
say two pumps so then it is better to provide 4 pumps, 2 working and 2 standby. But if

you need say 20 pumps, so it is not necessarily to go for 20 pumps as a standby.



You can have 10 pumps as a standby and 20 pumps as a working at any time okay. So
in order to see the cost, that kind of aspects can be used. So we will conclude this
discussion here, okay. So we did talk about the major aspects related to the intake of
water, beginning from the source. Then the how we put and take structure for surface
water sources, groundwater sources, how water is pumped and then how water is

conveyed and how we can estimate the pump’s capacity.

So we will conclude the week's discussion here. However, in the next class we will
have one more lecture in this week where we will take some practice problems or
worked examples to demonstrate how some of these calculations that we discussed
are done for the real field problems. So thank you for joining and see you in the next

class.



