Pumps and Pumping Machinery



Purposes

Lifting water from source and flow into the mains by
gravity
Boosting water from low service to high service
areas
Transporting water through treatment plant:
draining component in settling tanks and filter beds
withdraw deposited solids

supply water
pumping chemical solutions to treatment units

Lifting water to the overhead water tanks



Types of Pumps

On the basis of type of service
Deep well pump
Low lift pump
High lift pump
Booster pump
Fire service pump
Stand-by pump
On the basis of power to drive
Steam pump
Gasoline pump
Diesel pump
Electric pump



Types of Pumps

On the basis of Mechanical principles of operation
Displacement pump
Centrifugal pump

On the basis of position of pump shatft
Deep well turbine pump
Air lift pump
Submersible pump



Centrifugal Pump

Employ the principles of centrifugal force to impart energy to
the water.

Kinetic energy of water is converted into static energy or
pressure head.

Water entering into pump-casing is revolved by a wheel
called impeller which discharges water at right angles to the
direction of flow.

High speed normally more than 1,000 rpm in some cases
3,500 rpm are possible.

Discharge is uniform and power requirements are also
uniform.
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As the discharge increases, the head decreases. The resulting efficiency
is observed to increase from zero where the discharge is zero to a
maximum of 82% when the discharge is 86 liter/sec and the head 23 m
(and then found to decrease to zero at zero head).

The BHP curve for a centrifugal pump usually increases over most of the
range as the discharge increases, reaching a somewhat higher rate of
discharge then that which produce maximum efficiency.



Centrifugal Pump

Advantages

Requires minimum space for installation as it is compact in
design.

Can be installed for high speed driving mechanism.

Working principle is simple and no valve in the pump, it is
reliable and durable.

Initial and maintenance cost are comparatively low.
Less skilled labor is required for its operation and repair.

Can be operated with high speed electric motors, or gas
engines and steam turbines.

Discharge is steady and non pulsating.
Can be used for pumping water containing silt, sand etc.
Safe against pressure.



Centrifugal Pump

Disadvantages

Will not work, if the chamber is not full of water. Priming should
always be done before starting the pump.

Will not work if there is any leakage in the suction side.
For higher head, efficiency is low.

Discharge pipe has to be provided with check valve, to avoid the
backflow when the pump suddenly stops due to power failure,
with the discharge valve open.

Discharge varies with the head of water. When uniform discharge
Is required at varying heads, the pumps has to be rotated at
variable speeds which is neither, practical nor economical.

Ordinary suction lift is limited(about 6m or so).



Reciprocating Pump

Pump consists of a closed cylinder in which a piston moves
to and from by a connecting rod.

Connecting rod is again hinged with a wheel which is rotated
by a motor.

During the suction stroke, the suction valve is opened and
delivery valve remains closed and water enters the cylinder.

During the delivery stroke, the delivery valve is opened and
suction valve remains closed and water is forced through the
delivery pipe.
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Components

Cylinder - It is made of cast iron or steel alloy.

Piston - The piston reciprocates inside the cylinder.
Connecting Rod - It connects piston and rotating crank.
Suction Pipe - It connects the source of water and cylinder.

Delivery Pipe - Water sucked by pump is discharged
through the delivery pipe.

Suction Valve - It adjusts the flow from the suction pipe into
delivery pipe.
Delivery Valve - It admits the flow from the cylinder into the
delivery pipe.



Reciprocating Pump

Advantages
Continuous rate of discharge
Can deliver water at high pressure
Can work in wide pressure range
Precise delivery of required flow rate

Higher efficiency (10% to 20% greater) compared to
centrifugal pumps

No need for priming



Reciprocating Pump

Disadvantages
More parts mean high initial cost
High maintenance cost
Occupies more space
Needs skilled supervision during operations
Low discharging capacity
High wear in parts
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Air Lift Pump

Pressure difference forces the water to rise through the
educator pipe and finally the water is discharged through the
outlet.

Efficient working of the pump depends on the air pipe’s
submergence depth.

Used for pumping water from deep wells for lifting of about
60 — 80m.

Can be used for high lifts about 150 meters but their
efficiency is generally low.



Air Lift Pump

Advantages :

Inspite of low efficiency, an air lift pump can deliver large
amounts of water from small dia wells.

Not harmed by sedimented water.
Cheaper, reliable and simple in operation.

No moving parts which may be in contact with water—
used for highly acidic or alkaline water.

Yield of a well, using such pump, can be increased by
using more amount of compressed air.



Air Lift Pump

Disadvantages

Not adopted for raising water much above the ground
level, and if this is necessary, a second pump has to
be installed.

Efficiency is low
-low obtained is not continuous but is intermittent.
_ess flexible in fulfilling variable demands.

n order to obtain sufficient value of submergence, the
depth of submergence has to be increased and thus
the well has to be made deeper than required. This
Increases the cost.




Submersible Pump

Driving motor is placed below the
pump bowls within the well water
level.

Driving shaft is  completely
eliminated reducing the bearing
friction.

Electrical parts or the motor bearing

are enclosed by a oil filled case
with mercury seal.

Water rises to the surface through

a riser pipe on which the assemble
IS suspended.
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Submersible Pump

Advantage
Safer than other types of surface pumps
It produces low or almost no noise
Submersible pumps are Self-Priming
Corrosion resist
Easy to run & are space-saving
Can run for 15 years smoothly without trouble

Disadvantage
Seals can become corroded with time
Must submerge totally before use
Routine inspections and maintenance are challenging
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General considerations

Suction lift:

Due to friction losses, loss of velocity head maximum lift of
32 ft cannot be achieved.

Elevation of any pump above the source of water supply
should not exceed 22 ft.

Suction pipe should be short, straight and ample diameter.

Strainer should have clear waterway area 1.5 times the
cross sectional area of the suction pipe.

Power of pump:
Cost of power to operate the pump is mainly the cost of
pumping.
Steam engine, gasoline engine, diesel engine and electric
motors are commonly used to drive pumps.



General considerations

Stand-by or reserve power:
Extra pump units for use in case of breakdown or repairing
of regular pumps are necessary.

Size of Units:
Pumping station is not operated at full capacity all the time.
The complete pump installation should be so designed that
some units may be operated of full capacity at all times
regardless of the variation in demand.



Power of Pump

Total lift of pump:

It is the algebraic sum of (i) Discharge Lift or the vertical
distance from the centre of the pump to the level where water
Is to be raised. (ii) Suction Lift or the vertical distance from
the level of the source of water supply to the centre of the

pump.
The Horse Power of pump is determined by work done in
raising a particular quantity of water to some height.

Let, W = Quantity of water (kg)

H = Total head (m)

Then, work done by pump=W xH=pxQxH [W=pxQ]
Where, p = Density of water (1000 kg/m?)

Q = Discharge (m?/s)
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Essential Equations

2
* Pump Head, h, =h+ h,+ h;= hS+Z—g + hy

* h, = static head including (h +h

suction delivery)

* h, = velocity head

2
* h, =frictional head loss =f. i (Darcy-
D 2g

Weisbach Equation)

H . .
e P= 39?0 , theoretical Horse power required to

operate the pump (WHP-Water Horse Power)




Essential Equations

P = ,H,—Q, H =total lift or head of the pump,
3960
H=h,
Q = volume of water to be pumped in unit time,
or discharge, in gpm

Actual horsepower required to operate the
pump depends on the efficiency (E) of the

pump
P’ :g . BHP = Break Horse Power

WHP

BHP=T



Essential Equations

* Continuity Egn, Q = AV

Td?

* Area, A =



Pump Desigh Example

Ex-01: Design a suitable set of pumping unit to
deliver 4,50,000 gph from an intake well of a
river bank to the treatment plant. Total Length
of rising main from the intake well to the
treatment plant is 800 ft and the static head is

60 ft, Design also the cast iron main.
Assume: velocity of water 12 fps
Friction factor: 0.0075

Efficiency: 70%



Solution

Sol: Q = 450000/60 = 7500 gpm;

Q = 450000/(60*60*6.24) = 20 cfs

Cross sectional area = 20/12 = 1.667 sq.ft
1.667= md*/4

d= 1.5 ft= 18 inch

L v? 2x0.0075%800x12%
Hf=f.—.—= = 2611
D 2g 2%X32.2X1.5




Solution

* Total Head = hs + hf + hv = 60+ 36+2.24 =
98.24ft

HQ 98.24X7500
3060 3960

« BHP = WHP _ 188 - 768
0.7

QP—

=188 WHP




pired to pump water at the rate of
- whose sarf‘acﬂ is at an elevation of
180 ft. to a tank whose bottom is at an elevation of 372 ft.
The pump is placed dt an elevation -of 192 ft., the diameter
of the suction pipe is 30.jnch, the length of the pipe from the
pump to the tank is 290 ft. and the estimated size of this pipe
15 24 inch., The sum!:e minor head logges in the suction
and discharge pipe may be taken as L§ Tt. If the maximum
dep'h of water in the tank is to be 25 ft., what is the required
horsepower of a pump for which the overall efficiency is 67 per
<cent 7 D

Assume b,ead loss due to friction | in 290 ft. 4+ 1.5 ft,

Neglctt all othcr head losses. '




4
Solution :
Elevation of water surface in the tank = 372 4 25 = 1397 ft.
Discharge lift or the vertical distance from the centre of the pump
to that surface =397 — 192 = 205 ft.

Suction lift, or the vertical distance from the water surface
in the reservoir to the centre of the pump = 192-180 = 12 ft.
Since the pump is above the water surface this lift is positive.

Total head H w 20541241, 5+1.5 = 220 1,
P HQ o 220 % 6,750
3,960 = 3060 — =375 (WHP)

_ pi 3725 -
7 / /’/057*- 560 ( BHP) Aaqs.




/“ PROBLEM 2 Design a  suitable set of pumping unit to
delivet’ 4,60,000 gph from an intake well of a river bank to the-

treatment plant, 'I_'Olal_l:ngth of rising main from the ihtako

well to the treatment Plant is 800 ft. and the statjc head is 60 ft._
Design also the cast iron main, H | $5 et

Assume Velocity of water = 12 fps
friction factor = 0.0075

efficiency = 70%
Solution, N
Q = 4,50,000-60 = 7,5C0 gpm :
: 4,50,000 P\\f
again Q = 80 % 60 5 657 =20 cfs ©’/3

YT 0 A4 . N S TN )
ross-sectional area @-1.667 sq. ft. Wo o T
nd* '

—

4 =1667(4d - diameter of pipe )

T1567%x4 :
d-\/ = =15t = 18 inch

139




| mvs - 09675x800x(12)
“Frictional head loss. hf | 2x322xl 5 ---36&

Velocity head, h s v’/Zg - (12):2/2 t. i 2.24 ft.

Total head H = hit+h .t b _60+35+2 24 =98.24 £t

‘. HQ ' -98% .70
P= 3960 3,960 "’88(WHP)

180 |
/pf.%ﬂ- = 265 ( BHP ) An;.




PROBLEM 3 ; Water xs supplied from an impounding reservoir
‘30*51:63 away to a i Ir ne

town. ‘A cast iron

v pipe is estimated to be 30 ft. All other head
losses are neglected. What size cast iron pipe would you use ?
~ Assume f 0.0075

Solation :
4x0.0075x( 30% 5280 )y’
hf- 2%x322xd *:500
i
¥ = 4.06 e -4.0§xd...\lgg\1 . M
Again, Q = 425 mgy =925 1.547= 78245 [ 1 mgd = 1.547 cfs ) %(
_ =mde 4Q \D®
(\/ Q- av = -4 poages S TRPN ) Ve ;r—d— \ALS O(o/(’o-/ﬁ
AN ok O*
T .I_GQ’\._ M
d = (Rd) A (VN (’A’_\A
Substituting the value of v* from Eq. 2 to Eq. 1.
16Q:
g =4.07

16 x (787)
d° -2,":403- = 246,300

* d=11.98~12 ft. Ans,



water from an
bead of 60 g Y

- rising main is 400 ft
eight hours each.

two shifts of
Assume . velocity of flow = 6 fps
friction factor 0.01
efficiency - 7384,
Solution : 1,
Total length of pip2 = 120 4 -1%/- 520 ft, LX \bg
. Sx 108
Discharge, Q = 5:139 =3 =8x !OZ‘ cult/dgy
since total Pumping time is 16 brs/day. ' ¢
. : 8 x 10® 5 X1H
" Pumping capacity . -@— = 50,000 cuft/hy, T4IXILO0 Xig
T = 50,00



Q= nd-==l39

dxi30 .
IR/ B8 20 e I3l IS R o 21 Inch
nxb ‘
4x001x520x6" ‘
B e TN s ¥
T2x022x175 =611
62

H=h +hf+h =0046.740 56 =67.26 ft.

© 50,00,000
N 5220
s T §re
BO RGeSl 2
Pe o0 =y = 88.5 (WHP)
w P 885
HPlm 1= e =118 (BHP) Ans.



>¢mﬁlem S : Desiga the transmission main and the pumping unit
from the following data :

Water supply rale == 40 gpcd
= Estimated population = 85 000

Ground R, L. = at the pum house = 102,50 ft.

Treatment plant R. L. = 193.C0 ft,

Velocity through pipes = 8 fps

Pumping time = 10 hrs, daily

Total length of pipe = 3,500 ft.

Friction factor = 0.01

Efficiency = 65%

SollltiOn s
Total water required = 40 x 85,000 = 34,00,000 gpd
34 0(1 :)00 = 5.45 x 10° cuft/day S5
e 5.45 x 10° e &
umping rate e — 10— =545 x 10" cu fijbr v

n
545x10'
€0x 60" 15. 15 cfs /V



Q= 71;(:' Xv=15.15

e 4_x 15.15_ e e
%8 ‘

Use a 21 inch diameter pipe, ¢ = 1.75 ft.

Static head = 133,00 - 102.50 =90.50

Friction head — 4x0.01 x 3500 x 8" = 80.0 ft.

2x322x1,75
e v8:
Velocity head = 57 3 = 1.0 ft
Total head, H =90.54 80.C41.0=171.5 ft

34,00 000
10 x 60 ==5,667 £pm

HQ _ 171.5x 5667

Discharge p Q =

v e P=‘3’960ﬂ 3,960“ = 246 (WHP)
P 246
% Pl = ‘““Eﬁ =-——6—5 = 380 (BHP) Ans.




Practice Problem 1

Design a suitable set of pumping unit to deliver
450000 gph from an intake well of a river bank to
the treatment plant. Total length of rising main
from the intake well to the treatment plant is 800 ft
and the ~tatic hand is 60 ft. Design also the cast
iron main. Assume: Velocity of water = 12 fps;
Friction factor = 0.0075; Efficiency = 70%.



Practice Problem 2
T e

Water supply to a small town with ultimate population of one
fakh ( 1,00,000) supplied with 60 gred has to be arranged from a
river flowing nearby. Design the economical section of the rising
main and the necessary pumping uni: from the folloaing data :

Static head 60 ft
Total length of pipe 520 ft.
Cocfficient of friction 0.ul
Velocity of water in the pipe 6 ft/sec
Pump efficiency 709,

The pumps will work in two shifts of six hours cach ina day,



