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Pumps – Simple Definition

Machines designed to

 Transport fluid

 Add energy

Well

Pump

Overhead 
tank
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Centrifugal Pumps
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Centrifugal

 Moderate pressure (upto 6000 m WC)
 Moderate capacity (upto 10,000 m3/h)
 General applications
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Positive Displacement Pumps
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Reciprocating

 High pressure - upto 10,000 m WC

 Low capacity - upto 1000 m3/h

 Lubrication oil pumps
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Life Cycle cost for a Pump

 30 kW pump

 Initial cost: Rs 3,00,000/-

 Operating hours: 8000/year

 Power cost: Rs 5/unit

 Lifetime: 15 years

 Maintenance: Rs 30,000/-
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Life Cycle Cost: Rs 

187,50,000/-

Energy Cost 90%

Initial Cost 2%

Maintenance  
Cost 8%
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Energy Parameters

Head or 
Pressur

e

Efficiency

Capacit
y or 
Flow
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Head of Pump

 Head of a pump is an expression of how much height the pump 

can lift the liquid

 Measured in terms of height of water column
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Efficiency

Pump output

Input to pump [BHP(O)]
Pump h (%) =

Flow (lps)  x Head (m) x Sp. Gr.

102  x h (motor) x kW (I)
Pump h (%) =

BHP(O)
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 Capacity a (RPM)

 Head a (RPM)2

 Power a (Capacity x 

Head)

a (RPM)3

Pumps Formulae
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Pumps Formulae

 Capacity :

 Head :

 Power :

If the RPM is reduced by say 10%, what 

will happen to the

reduces by 19%

reduces by 10%

reduces by 27%
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Other Affinity Laws

11

Formulas for Refiguring Pump Performance with Impeller Diameter or Speed Change

Diameter and Speed ChangeSpeed Change OnlyDiameter Change Only
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Characteristic Curve of a Pump

N1 rpm

N2 rpm

Power consumption

80%

76%

74%

Flow

Head
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Reasons for excess power consumption

 Wrong Selection

 Over Design

 Improper Layout

 Old inefficient pumps

 Multiple smaller size pumps

 Ad-hoc decisions
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Effect of Various Capacity Controls

100
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20
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Q in %

VFD

On/off

Valve

Ideal

Recirculation
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Operating Conditions of Pump
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4

3

2

1

4.8

H

55 85 115
Q

Operating Point
Q = 55 lps
H = 3 ksc

Design Point

Q = 85 lps

H = 4 ksc
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5

4

3

2

1

H

55 85 115
Q

Operating
Point

New Point

Requirement

Excess = 14 kW

Operating Conditions of Pump
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Use Gravity Flow as Much as Possible

Cooling tower

Condenser

Hot well

35 HP
Hot well pump

P
l
a
n
t

 Annual savings - Rs.2.70 lakhs
 Investment - Insignificant
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 Is the pump correctly Sized ?

 Excess capacity due to uncertainty

Methodology of Pump Survey

 Leads to operation with valve throttling

 Energy inefficient practice

 Impeller reduction

 Low capacity/head pump

 Installation of variable speed drive
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Installation of correct size pump
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For Transformer 
Cooling

Head – 30 m
Capacity – 450 m3/hr

Return water
From transformer

Head – 35 m
Capacity – 600 m3/hr

Annual savings - Rs 7.29 Lakhs

Investment - Rs 3.00 Lakhs

Payback period - 5 months

10m
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Pressure Drop Across Valve
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 Pr. Drop Across Valve = P2 - P3

 Total Pr. Rise = P2 - P1

 Energy Saving Potential = [(P2-P3)/(P2-P1)]
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Process3 ksc4.8 ksc

55 lps

Design

Capacity = 85 lps

Head = 4 ksc

Existing = 4.8 ksc

kWEX = 55 x 48/(102 x 0.7)

= 37.0 kW

60%open

Effect of Valve Throttling
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Effect of Valve Throttling

Process3 ksc3 ksc

55 lps

Modified

Proposed = 3.0 ksc

kWP = 55 x 30/(102 x 0.7)

= 23.0 kW

Savings = 14 kW

100% open
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Installation of lower size impeller
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Emergency
Users

Non-emerg.
Users

70% Open

60-70% Open

4.2 KSC 3.5 KSC

Cold Well

Annual savings = Rs.11.69 lakhs
Investment = Rs.0.50 lakhs
Payback period  = 1 month
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Segregate high and low head users
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Cold Well

300 
m3/h
Gr. Flr.

200 m3/h
30 m ht.

500 m3/h
40 m, 91.5 kW

50 %
Cold 
Well

200 m3/h
30m ht.

300 m3/h
20 m, 27.5  
kW

300 
m3/h
Gr. 
Flr.

200 
m3/h
40 m
36.7 
kW

Annual Savings = Rs. 4.80 Lakhs
Investment      = Rs. 6.00 Lakhs
Payback period = 15 Months
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VFD for Pumping system
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Pure Water 
Tank

Valve Fully
Open (100%)

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Reactor
5

Recirculation

M

VSD

Power In

PIC
Pressure 
sensing Control

Annual savings - Rs.3.00 Lakhs
Investment - Rs.2.00 Lakhs
Payback period - 8 Months
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Parallel pumping
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Which is the better option? Why?
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Parallel pumping
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Option I : Power = 106 kW + 47 kW = 153 kW
Option II : Power = 67 kW + 67 kW = 134 kW

300 500 700
Quantity m3/h

35

32

Head
(m)
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Option II

80%

76%

72%

68%
64%
62%
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Earlier system

 Capacity : 120 m3/hr

 Head : 15 m

 Pump input power : 50 kW

 Best efficiency : 65%

Annual savings : Rs. 1.12 lakhs

Modified  system

 Capacity : 120m3/hr

 Head : 15 m

 Pump input power : 48 kW

 Best efficiency : 67 %

Hydrophobic Coating
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Pump Maintenance Check List
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TO SUM UP

Avoid Pump if possible
Install next lower size 

impeller

Installation of VFD
Install correct size 

pump

Thank you


