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Centrifugal Pump Operation
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Centrifugal Pump Operation

Spin the impeller …

… and water is 
thrown from the 
center to the 
perimeter
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Centrifugal Pump Operation

Adding a volute…

… collects and 
distributes the 

water and 
recovers some 
of the velocity 

pressure
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A Wide Variety of Designs
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A Wide Variety of Designs
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How Pumps are Put Together
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http://thelco.com/index.html;  Public Domain, Used with Permission
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How Pumps Use Energy
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Pump Efficiency …

Power into  the 
driver

Flow and pressure to the load

Power into the pump

Drive losses

Mechanical 
losses

Hydraulic 
losses

Leakage 
losses

Pump drawing courtesy of Bell and Gossett
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Drive System Losses

Energy conversion
• Electric motor efficiency
• Turbine efficiency
Bearings
Cooling fans
Aerodynamic effects
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Pump Mechanical Losses

Can be minimized but not 
eliminated
• Bearing friction
• Packing drag
• Drag of water on the 

spinning impeller
Don’t vary much with the 
rate of discharge

PUMP BASICS AND OPERATING THEORY 23



http://thelco.com/index.html;  Public Domain, Used with Permission

Wear Rings
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Wear Rings – An O&M Consideration with 
Performance Implications

Different pump designs = Different leakage paths = 
Different wear ring designs   
• Recessed vs. non-recessed
• Standard vs. optional
• Optional vs. none
Wear = increasing clearance
Increasing clearance = decreasing performance
Replaceable = renewable
Dead head test documents condition
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Source – Hydraulic Institute
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What’s Specific Speed?

Number used by pump designers to compare pumps

The speed in revolutions per minute at which a 
geometrically similar impeller would operate if it were of 
such a size as to deliver one gallon per minute against 
one foot head. 

http://www.gouldspumps.com/cpf_0005.html
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What’s Specific Speed?

Number used by pump designers to compare pumps
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Specific Speed and HVAC Applications

Tends to increase as flow increases

1,150 1,750 3,500
10 50 193 294 589
50 50 432 658 1,316
100 50 612 931 1,861
1,000 50 1,934 2,943 5,886
2,000 50 2,735 4,162 8,324
4,000 50 3,868 5,886 11,773

Flow Head Specific Speed at Different Motor Speeds
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Specific Speed and HVAC Applications

Tends to increase as motor speed increases

1,150 1,750 3,500
10 50 193 294 589
50 50 432 658 1,316
100 50 612 931 1,861
1,000 50 1,934 2,943 5,886
2,000 50 2,735 4,162 8,324
4,000 50 3,868 5,886 11,773

Flow Head Specific Speed at Different Motor Speeds
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Specific Speed and HVAC Applications

1,150 1,750 3,500
1,000 10 6,467 9,841 19,682
1,000 50 1,934 2,943 5,886
1,000 100 1,150 1,750 3,500

Flow Head Specific Speed at Different Motor Speeds

Tends to increase as head decreases
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What’s Specific Speed?

Low specific speed
• Head due to centrifugal and 

axial force
• Large impeller diameters
• High head, low flow
High specific speed
• Head primarily  from axial 

force
• Small impeller diameters
• High flow, low head

Courtesy http://www.gouldspumps.com/cpf_0005.html
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Source – Hydraulic Institute
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Specify “optional” wear rings!
… and verify the requirement in review cycles

Perform a shut off test to document minimum wear condition …
… and repeat the test as a preventive maintenance procedure

Design Experience

Operating 
Experience (On-

going Cx)

Start-up  and Cx 
Experience

Source  - Bell and Gossett 
Electronic Catalog
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Hydraulic losses
Associated with accelerating the 
pumped fluid into the eye of the 
impeller and then decelerating it 
into the volute
• Complex velocity conversions
• Optimized for a particular flow 

rate
• Impacts bearing and shaft loads
Churn
• Eddies in the volute
• Low flow phenomenon
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Hydraulic losses
Water entering the impeller 
experiences:
• Radial acceleration
• Angular acceleration
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Hydraulic losses
Water entering the impeller 
experiences:
• Radial acceleration
• Angular acceleration
Upon exiting the impeller:
• It merges into a rotating velocity 

field
• Looses radial acceleration
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Hydraulic losses
Water entering the impeller 
experiences:
• Radial acceleration
• Angular acceleration
Upon exiting the impeller:
• It merges into a rotating velocity 

field
• Looses acceleration
• Increasing volume/mass as the 

water flows towards the outlet 
of the volute puts non-uniform 
loads on the shaft and bearings
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