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• Assignment 5 is posted (optional)

• A new measurement activity will be posted (optional)

• Anyone opposed to change the exam time? 
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• !
"

is the equivalent length in pipe diameters of straight pipe 
that will cause the same pressure drop as the valve or 
fitting under the same flow conditions

𝐻𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑎 𝑝𝑖𝑝𝑒 = 𝑓
𝐿
𝐷
𝑉#

2𝑔

𝐻𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑎 𝑓𝑖𝑡𝑡𝑖𝑛𝑔 = 𝐾
𝑉#

2𝑔

𝐾 = 𝑓
𝐿
𝐷

• We also sometimes define equivalent length:
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Primary Secondary Pumping
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• Was developed by Bell & Gossett in 1954 as a method to 
increase system temperature drops, decrease total pump 
power requirements and increase system controllability

• Systems utilizing low or medium temperatures were 
allowed due to Primary – Secondary pumping

• Most modern systems utilize some variation of Primary -
Secondary pumps



Primary Secondary Pumping
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• Common Piping:
§ Interconnects the primary to the secondary circuit 
§ Should have minimal to no pressure drop

• Hydraulically disconnects the two piping loops

• Flow in one loop will not cause flow in the other loop 

Secondary Piping

Primary Piping Common Piping



Primary Secondary Pumping
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• Secondary pipe pump sized for pressure drops A-B, B-
C, C-D, D-E, E-G, G-H, H-I 

• I-A should have no pressure drop

Secondary Piping

Primary Piping Common Piping

Secondary Circuit Pump

A I

H G

ED

C B

Why do not we put the secondary pump at the end of the secondary circuit? 



Primary Secondary Pumping
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https://www.advantageengineering.com/fyi/286/advantageFYI286.php

• In hydronic systems, we use this strategy:

https://www.advantageengineering.com/fyi/286/advantageFYI286.php


Primary Secondary Pumping
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http://jmpcoblog.com/hvac-blog/understanding-primary-secondary-pumping-part-4-what-happens-when

• In hydronic systems, we use this strategy:

http://jmpcoblog.com/hvac-blog/understanding-primary-secondary-pumping-part-4-what-happens-when
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Intro to Pumps
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• Pumps provide differential pressure by converting electrical 
energy to move water

Source

Expansion 
Tank

Load

Pump

Piping



Intro to Pumps
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• Positive displacement pumps
q Rotary-type pumps
q Reciprocating-type pump

• Rotodynamic pumps 
q Centrifugal pump

§ Radial flow pump
§ Axial flow pump
§ Mixed flow pump 

https://www.slideshare.net/MohammudHanifDewan/positive-displacement-pumps-46499848 & https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps

https://www.slideshare.net/MohammudHanifDewan/positive-displacement-pumps-46499848
https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps
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https://www.pumpfundamentals.com/tutorial2.htm

https://www.pumpfundamentals.com/tutorial2.htm


Centrifugal Pumps
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• Most common use in HVAC industry 
q Chilled water
q Cooling tower 

• Basic Principle
q Water enters impeller at low velocity & pressure 
q Water thrown outward by centrifugal force 
q Water leaves at high velocity & pressure 

https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps

https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps


Centrifugal Pumps
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• Impeller types

https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps

https://www.michael-smith-engineers.co.uk/resources/useful-info/centrifugal-pumps


Centrifugal Pumps
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• It needs to be base mounted:
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System Curve
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Pump

Flow

• Assume there is only friction and no change in elevation (no 
static lift)

• How is the system curve?
H

ea
d

Capacity



System Curve
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Pump

Flow

• How is the system curve for this one? 

Static Lift

H
ea

d

Capacity

Static Lift
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• System curve can change over time

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html


System Curve
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• System curve can change over time

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html
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• Capacity
q The amount of fluid the pump will move is determined 

mainly by the width of the impeller and the shaft speed 
q Capacity is normally measured in gallons per minute 



Pump Selection
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• Total Dynamic Head (TDH)
q The difference in total head between the suction side and 

the discharge side of the pump 
q Head is normally measured in feet of fluid flowing (ft.)
q Feet of head is a unit of length

https://www.atlascopco.com/en-us/construction-equipment/resources/dewatering-pumps-guide/pump-head

𝐻𝑒𝑎𝑑 =
2.3×𝑃 𝑖𝑛 𝑃𝑠𝑖

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦

https://www.atlascopco.com/en-us/construction-equipment/resources/dewatering-pumps-guide/pump-head
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• Rules:

q Velocity + Pressure = Constant

q Velocity × Area = constant 

q Pressure × Area = Force



Pump Selection
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

• Familiarize yourself with the pump curve

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

System characteristics curve

Operating point

• Intersect the system characteristics with the fan curve

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1


Pump Selection
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https://armstrongfluidtechnology.com/en/products-and-services/plumbing-and-water-supply/commercial-pumps

• Manufacture 1:

https://armstrongfluidtechnology.com/en/products-and-services/plumbing-and-water-supply/commercial-pumps
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• Manufacture 1:

https://adept.armstrongfluidtechnology.com/armstrongcpq#/
Adept/ProductSelection

https://adept.armstrongfluidtechnology.com/armstrongcpq
https://adept.armstrongfluidtechnology.com/armstrongcpq
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https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps

• Manufacture 1:

https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps


Pump Selection
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https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps

• Manufacture 1:

https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps


Pump Selection
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https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps

Efficiency curves

Motor power curves

Impeller trims (or VFD)

• Manufacture 1:

https://armstrongfluidtechnology.com/en/products/4280-motor-mounted-pumps
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

• Manufacture 1:

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

• Manufacture 1:

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

• Manufacture 1:

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1


Pump Selection
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• Manufacture 2:

https://product-selection.grundfos.com/


Pump Selection

41https://product-selection.grundfos.com/

• Manufacture 2:

https://product-selection.grundfos.com/


Pump Selection

42https://product-selection.grundfos.com/

• Manufacture 2:

https://product-selection.grundfos.com/


Pump Selection
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• Manufacture 2:

https://product-selection.grundfos.com/


Pump Selection

44https://www.esp-systemwize.com/

• Manufacture 3:

https://www.esp-systemwize.com/


MULTIPLE PUMPS

45



Multiple Pumps
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• Pumps in series:
q Operate with the same flow rate 
q Allow increase the total head 

Pump 
3

Pump
2

𝐻 = 𝐻: +𝐻# +𝐻;

𝑄 = 𝑄: = 𝑄# = 𝑄;

Pump
1

Flow



Multiple Pumps
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• Pumps in series:
q Operate with the same flow rate 
q Allow increase the total head 

𝐻 = 𝐻: +𝐻# +𝐻;

𝑄 = 𝑄: = 𝑄# = 𝑄;

H
ea

d

Capacity

One Pump

Two Pumps

Three Pumps

𝐻!

𝑄

𝐻"

𝐻#
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• Pumps in parallel:
q Operate at the same head 
q The total flow rate in the system is the sum of each pump flow rate

Pump

Flow
Pump

Pump

Flow

𝐻 = 𝐻: = 𝐻# = 𝐻; 𝑄=>=?@ = 𝑄: +𝑄# +𝑄;



Multiple Pumps
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• Pumps in parallel:
q Operate at the same head 
q The total flow rate in the system is the sum of each pump flow rate

𝐻 = 𝐻: = 𝐻# = 𝐻; 𝑄=>=?@ = 𝑄: +𝑄# +𝑄;

H
ea

d

Capacity

One Pump Two Pumps Three Pumps

𝑄! 𝑄" 𝑄#𝐻
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• For a fixed impeller diameter

𝑄! = 𝑄"(
𝑟𝑝𝑚!

𝑟𝑝𝑚"
)

𝐻! = 𝐻"
𝑟𝑝𝑚!

𝑟𝑝𝑚"

#
𝐻! = 𝐻"

𝑄!
𝑄"

#

𝑊! = 𝑊"
𝑟𝑝𝑚!

𝑟𝑝𝑚"

$

Flow Rate:

Head:

Shaft Power:



Affinity Laws
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• Water horsepower (whp) is equal to:

– 𝑄: Flow rate (gpm)
– H: head (ft)
– SG: Specific gravity

𝑤ℎ𝑝 =
𝑄×𝐻×𝑆𝐺
3960

https://www.indiamart.com/proddetail/motor-pump-couplings-6451712691.html

https://www.indiamart.com/proddetail/motor-pump-couplings-6451712691.html
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• Problem: We have a 1750 rpm pump with a 7 in. impeller. 
The the best operating point for the pump occurs when the 
total head is 43 ft and the capacity is 130 gallons per 
minute. It is desired to reduce the pump speed until the 
flow rate is 100 GPM. Assume the static head is 0 ft. Find

q New pump head
q New shaft power (assuming the original shaft power is 2.1 hp)
q New efficiency 
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• Solution:
qAdd the schematic of the system curve and identify the 

operating point:

Point 1 
(Original Operating Point)

Point 2 
(New Operating Point)

Capacity (gpm)

H
ea

d 
(ft

)

43

130
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Flow Rate 
(GPM)

Head
(ft)

130 43
100 25
75 14
50 6.4
25 1.6

𝐻 = 𝑎 + 𝑏𝑄!

43 = 0 + 𝑏 130 ! → 𝑏 = 0.00254438

0

5

10

15

20

25

30

35

40

45

0 30 60 90 120 150

To
ta

l H
ea

d 
 (f

t)

Capacity (gpm)

• Solution:
qEstablish the system curve
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• Solution:
qUse the affinity laws

q 𝑟𝑝𝑚> = 1750
q 𝑄> = 130 𝑔𝑝𝑚
q 𝑄A = 100 𝑔𝑝𝑚

q New speed is equal to:

q 𝑟𝑝𝑚A = 𝑟𝑝𝑚>
B!
B"

q 𝑟𝑝𝑚A = 1750 :CC
:;C

q 𝑟𝑝𝑚A = 1346
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• Solution:
qNew shaft power is:

𝑊A = 𝑊>
DEF!
DEF"

;

𝑊A = 2.1
1346
1750

;

𝑊A = 0.96 ℎ𝑝
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• Solution:
qNew efficiency is:

G!
G"
= B!H!

I!
/(B"H"

I"
)   

𝜂"
𝜂#

=
100 25
0.096

/(
130 43
2.1

) = 0.978

𝜂" = 69.2 0.978 = 67.7%
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Net Positive Suction Head (NPSH)
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• Head required at the suction of a pump to prevent 
cavitation

• Cavitation is the formation of bubbles due to low pressure 
area and the subsequent collapse upon migration to a 
high-pressure area

• Cavitation causes noise and damage 

https://www.britannica.com/science/cavitation

https://www.britannica.com/science/cavitation


Net Positive Suction head (NPSH)
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• The amount of pressure in excess of the vapor pressure 
required to prevent cavitation in the pump is known as 
required net positive suction head (NPSHR)

𝑁𝑃𝑆𝐻$ =
P% − P&
𝛾

+ H' − h( +
V%!

2g

𝑁𝑃𝑆𝐻$ > 𝑁𝑃𝑆𝐻)

q P%: Static head at the pump inlet
q P*: Static vapor pressure head of the liquid 
q ℎ$: Friction loss
q H%: Minimum fluid level above pump or (negative if below pump)
q 𝑉&: Pump inlet velocity

Be careful of the units



Net Positive Suction head (NPSH)

63

• For a given system, a higher the water temperature yields 
a lower 𝑁𝑃𝑆𝐻N

P& 100 ℉ = 0.95044 psi

P& 200 ℉ = 11.5376 psi



Net Positive Suction head (NPSH)
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

System characteristics curve

• Notice the NPSHr line”

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

