
Table of Contents

November 2002 MM 604

Considerations for Optimum Pump Application  . . . . . . . . . . . . . . . . . . . . . . 1
Pumping System Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Fluid Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Pump and Drive Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Fluid Fundamentals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Density, or Specific Weight  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Specific Gravity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Vapor Pressure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Viscosity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Viscous Fluid Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Type: Constant Viscosity at All Shear Rates  . . . . . . . . . . . . . . . . . . . . . 5

Newtonian Fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Type: Decreasing Viscosity at Increasing Shear Rates . . . . . . . . . . . . . 5

Plastic Fluids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Pseudo-Plastic Fluids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Thixotropic Fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Type: Increasing Viscosity at Increasing Shear Rates . . . . . . . . . . . . . . 6
Dilatent Fluids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Flow Rate vs Shear Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Viscosity Profile Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Frictional Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Basic Definitions and Hydraulic Fundamentals  . . . . . . . . . . . . . . . . . . . . . 11

Pressure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Atmospheric Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Gauge Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Absolute Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Vacuum or Suction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Outlet Pressure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Inlet Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Differential Pressure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Relation of Pressure to Elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Net Positive Suction Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Flow of Fluid in a Pumping System  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Fluid Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Potential Energy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Pressure Energy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Kinetic Energy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Mechanical Energy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Frictional Losses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Energy Types and Losses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Energy Levels in a Pumping System  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Open Systems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Closed Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

The Inlet Side . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Rotary Pump Fundamentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Slip and Efficiency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
The Effect of Slip on Pump Performance . . . . . . . . . . . . . . . . . . . . . . . . . . 37

1. Low NIPA Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2. Vacuum Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3. Priming Ability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4. Metering Fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Power Requirements in a Pumping System . . . . . . . . . . . . . . . . . . . . . . . . 43
How to Select a Waukesha Cherry-Burrell Pump . . . . . . . . . . . . . . . . . . . . 45
Determining Pump Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

/sites/wcb/products/pumps/PDF/engmanual/Sec1%20pump%20apps%20thru%20inlet%20side_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec2%20rotary%20pumps%20thru%20power%20requirements_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec3%20selecting%20WCB%20pump%20thru%20determining%20pump%20speed_MM%20604%2011-02.pdf


/sites/wcb/products/pumps/PDF/engmanual/Sec4%20checking%20the%20inlet_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec5%20calculating%20power%20requirements%20thru%20selecting%20pump%20type_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec6%20pump%20installation%20thru%20engineering%20data_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec7%20UI%20pump%20curves_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec8%20UII%20pump%20curves_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec9%20UL%20pump%20curves_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec10%20420_520UHC%20thru%205000%20series%20pump%20curves_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec11%20pressure%20conversion%20thru%20pipe%20fitting%20dimensions_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec12%20pipe%20frictional%20loss%20graph_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec13%20misc%20eng%20constants%20thru%20chemical%20compatibility_MM%20604%2011-02.pdf


 

November 2002                                      MM 604 

Table of Contents 
 

 
Pump Dimensions 
 Waukesha Universal I Pump……………………………………………………………139 
 Waukesha Rectangular Flange Pump…………………………………………………140 
 Waukesha Universal I Aseptic Pump……………………  ……………………………141 
 Waukesha Universal UHC Pump………………………………………………….……142 
 Waukesha Universal II Pump……………………………………………………………143 
 Waukesha Universal II Rectangular Flange Pump……………………………………144 
 Waukesha Universal Lobe Pump……………………………… ………………………145 
 Waukesha Universal Lobe Rectangular Flange Pump……………………………….146 
 Waukesha Universal Industrial 5000 Series Pump…………………………………...147 
Pump Worksheet………………………………………………………………………………...…148 
 
 
 
 
 
 
 
 

/sites/wcb/products/pumps/PDF/engmanual/Sec14%20UI%20RF%20UIaseptic%20dimensions_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec15%20UHC%20U2%20U2RF_MM%20604%2011-02-2.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec16%20UL%20dimensions_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec17%20ULRF%20dimensions_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec18%205000%20dimensions_MM%20604%2011-02.pdf
/sites/wcb/products/pumps/PDF/engmanual/Sec19%20Pump%20worksheet_MM%20604%2011-02.pdf

	toc2.pdf
	


