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Pump Types, 
Anatomy & 

Configurations 
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Types of Pumps 
• Centrifugal (meaning…?) 

– Low pressure 
– High flow 
– Flow changes when pressure changes 

• Positive displacement / Peristaltic 
– High pressure 
– Low flow 
– Flow does not change when pressure changes 
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Centrifugal Forces:  
Impeller Rotation 
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Centrifugal Pump Design 
• Split case (clam shell) 

– Initial design 
– Horizontal or vertical shaft 
– Open access for maintenance 
– Large amount of floor space 

• End suction 
– Less floor space 
– Suction and discharge at right angles 
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Split Case Horizontal 
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Vertical Split Case 
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• Close-coupled units 
– Pump is assembled on motor shaft 

 
• Frame-mounted units 

– Assembly includes pump, motor, base, coupling, 
and OSHA coupling guard 

End Suction 
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Example, Close-Coupled End Suction 
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Close-Coupled End Suction Anatomy 
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• Connects pump to motor 
• Can be direct-coupled 

– Same shaft for pump and motor 

• Frame-mounted 
– Motor shaft and pump shaft mechanically coupled 
– Alignment must be maintained 

• Shaft sleeve 
– Fits over shaft 
– Protects shaft where it passes through the pump casing 

Shaft Assembly 
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• Bearings 
– Supports and holds spinning shaft in place 
– Radial bearings prevent side-to-side movement 
– Thrust bearings prevent up and down movement 

from water pressure against impeller 

Shaft Assembly (cont.) 
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• Volute 
– Portion of casing that directs water as it enters and 

leaves the impeller 
– Cross-sectional area increases, velocity decreases, 

pressure increases 

• Piping 
– Diameter suction side > diameter discharge side 
– 4 fps suction side velocity 
– 7 fps discharge side velocity 

Pump Assembly 
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Wear Ring 
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• Plugs hole where shaft enters pump body 
• Keeps water in and air out of pump 
• Stuffing box 

– Part of pump casing where shaft passes through 
– Contains several rings of packing 
– Want rings staggered to allow distribution of lubricating/ 

cooling water 

• Packing gland 
– Metal ring on top of stuffing box 
– Used to put pressure on packing to minimize water leakage 

Seals 
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• Seal water 
– Used to cool and lubricate the rings of packing 
– Can come from low pressure side (suction) of pump if sufficient 

pressure 
– Otherwise, pipe from discharge side (high pressure) of pump 
– Need air gap if mixing potable and nonpotable water 

• Lantern ring 
– Used to direct water from seal water piping to inside of stuffing 

box where rings of packing are located around the shaft sleeve 
– Metal ring with holes 
– Water circulates around outside of ring and passes through the 

holes to get to packing 

Seals (cont.) 
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Packing and Glands 
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• Replace packing rings inside stuffing box 
• Include two highly polished seal faces 

– One face is inserted in a gland ring 
• Gland ring replaces packing gland 

– Other seal face is attached to rotating shaft 
• Held in place on shaft with a locking collar 
• Collar includes spring-loaded assembly that pushes the two 

seal faces together when pump not running 
 

Mechanical Seals 
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• Seal water (same criteria as for packing seals) 
– When pump running, seal water forces two seal 

faces apart 
– This closes gap and keeps water in and air out 
– Insufficient seal water pressure or no pressure will 

result in seal faces rubbing against each other and 
seal failure 

 

Mechanical Seals (cont.) 
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Mechanical Seal 
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• Multiple impellers on single shaft 
• Axial flow, not right angle 
• Very high discharge pressure 

– Like putting single-impeller pumps in series 
• Flow does not change 

– Putting pumps in parallel changes flow, not pressure 

• Examples 
– Line shaft turbines 
– Submersible turbines 

Multi-Stage Pumps 
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Vertical Turbine 
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Vertical Turbine Anatomy 
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Submersible Pump Motor Assembly 
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Pump Design and 
Hydraulics 
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Terminology 
• Flow rate 
• Head 
• Net positive suction head (NPSH) 
• Pump efficiency 
• Motor rpm 
• Horsepower (hp) 
• Electrical phases 
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Flow Rate 
• The volume per time of water flow, typically 

measured in: 
– Gallons per minute (gpm) 
– Gallons per hour (gph) 
– Gallons per day (gpd) 
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End Suction Units 
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Pressure 
• Pressure is a force based on weight per unit 

area 
– Measured in pounds per square inch (psi) or 

pounds per square foot (psf) 
– Exerted on the bottom of a container 
– Not related to the volume of the container or the 

size of the base 
– Only dependent on the height of the fluid in the 

container 
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Head 
• The height of the fluid in a container 
• Direct measurement in feet 
• What exerts pressure 
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Pressure vs. Head 
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• Weight of water is 62.4 pounds per cubic foot: 
– 7.48 gal/ft3 x 8.34 lb/gal = 62.4 lb/ft3 

1 ft 

1 ft 
1 ft 

Relationship between Pressure and Head 
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12 in 

1 in 
1 in 

Pressure and Head 
• Imagine a cube of water 1 ft x 1 ft x 1 ft. The surface 

area of any one side of the cube will be 144 in2  
(12 in. x 12 in.). The cube will also contain 144 columns 
of water 1 ft tall and 1 inch square. 

• Weight =  62.4 lb/144 in2  
        = 0.433 psi 

• 1 ft of head = 1 ft ÷ 0.433 psi 
     = 2.31 ft/psi 

• 1 ft = 0.433 psi and 1 psi = 2.31 ft 
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• psi x 2.31 ft/psi = ft 
– Example: 43.3 psi x 2.31 ft/psi = 100 ft 

• ft x 0.433 psi/ft = psi 
– Example: 100 ft x 0.433 psi/ft = 43.3 psi 

Remember these Conversion Factors 
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Gauge vs. Absolute Pressure 
• psig common type measured within plant 

environment 
– Does not include effects of atmospheric pressure 

• Patm = 14.7 psi = 33.9 ft = 34 ft (at sea level) 
• Maximum practical lift of a pump at sea level 

– psig = 0 means system is at atmospheric pressure 
– psig < 0 considered a vacuum for the system (still 

some value below atmospheric pressure) 
• Until psi < -14.7 psi, pressure due to atmosphere 
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Gauge vs. Absolute Pressure 
• psia (absolute) 

– Usually used to describe a vacuum 
– Includes atmospheric pressure 
– psia = 0 means no pressure in system 
– psia < 0 absolute vacuum 

• psia = psig + Patm 
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Changes in Atmospheric Pressure with Height 
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Energy and Head 
• Energy in water has four forms: 

– Elevation head (EH): measured in feet as height 
above datum 

– Pressure (P) in psi: Pressure head (PH) in ft = P x 
2.31 ft/psi 

– Velocity (V) in fps 
• Velocity head (VH) in ft = V2/2g 
• g = gravitational acceleration = 32.2 ft/s2 

– Head loss (HL) in ft 
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Energy and Head (cont.) 
• Head loss (HL) in ft 

– Caused by turbulence, friction 
– Creates heat energy, which is lost from system 
– Increases with smaller pipe diameter, higher flow, 

rougher pipe walls 
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Pump Systems 
and TDH 
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Pump CL 

Total Static Head 

Static Discharge Head 
Static Suction 

Lift 

Static Suction Lift TDH 
• Fluid level suction side below eye of pump impeller 
• TDSL = static suction lift + VHs + HLs 
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Pump CL 

Total Static Head 

Static Discharge Head 
Static Suction 

Lift 

Static Suction Lift TDH (cont.) 
• TDDH = static discharge head + VHd + HLd 

• TDH = SSL + VHs + HLs + SDH + VHd + HLd 
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Static Suction Head 

Static Discharge Head 

Total Static Head 

Pump CL 

Static Suction Head TDH 
• Fluid level suction side above eye of pump impeller 
• TDSH = static suction head + Patm - VH - HL 
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Static Suction Head 

Static Discharge Head 

Total Static Head 

Pump CL 

Static Suction Head TDH (cont.) 
• TDDH = static discharge head + VHd + HLd 

• TDH = SDH - SSH + VHs + HLs + VHd + HLd 
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Net Positive Suction Head - NPSH 
NPSH Available: 
the amount by 
which suction head 
exceeds liquid 
vapor pressure 
 
NPSH Required: 
suction head 
needed to avoid 
cavitation 
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When NPSH Is Insufficient… 
• Cavitation or vaporization occurs where bubbles 

form inside pump 
• The following problems occur when vapor bubbles 

collapse: 
• Erosion of vane surfaces 
• Increased noise and vibration 
• Choking of impeller passages 
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Impeller Cavitation Areas 
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Cavitation Damage 
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Net Positive Suction Head (NPSH) 
• The total energy available to move water into 

the volute and the eye of the impeller 
• At sea level, NPSH = 1 atm = 14.7 psi = 34 ft 
• However, this energy is reduced by: 

– Static suction lift (biggest factor) 
– Velocity head (VH) to get water moving 
– Head loss (HL) 
– Vapor pressure (based on temperature) 

• Portion of water evaporates when placed under a vacuum 
(at the eye of impeller) 
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Net Positive Suction Head (cont.) 
• NPSHR = net positive suction head required 
• NPSHA = net positive suction head available 
• For suction lift condition: 

– NPSH = Patm - PV - static suction lift - HL 

• For suction head condition: 
– NPSH = static suction head + Patm - PV - HL 
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Temperature (°F)  Vapor Pressure (ft) 
32    0.204 
59    0.565 
68    0.774 
100    2.17 
150    8.56 
200    26.45 
212    ????  

Relationship between Temperature, 
Vapor Pressure and Boiling Point 
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Total Dynamic Head (TDH) 
• Influenced by: 

– Pipe type/material 
– Pipe age and condition 
– Pipe diameter 
– Pipe length 
– Flow rate & velocity 
– Pipe network configuration 

– Number and type of fittings 
– Enlargements and contractions 
– Changes in direction 
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Total Dynamic Head (TDH) 
• Increases with: 

– Pipe roughness 
– Pipe age (typically) 
– Decreasing pipe diameter 
– Pipe length 
– Flow rate & velocity 
– Pipe network configuration 

– Number and type of fittings 
– Enlargements and contractions 
– Changes in direction 
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Total Dynamic Head (TDH) 
• Total energy in ft required to move water from fluid 

level suction side to fluid level discharge side 
– Combination of EH, VH, and HL of suction and discharge 

lines 
– VH discharge side > VH suction side due to reduced 

diameter of discharge piping 

• Total dynamic suction lift (TDSL) 
– Fluid level suction side below eye of impeller 
– TDSL = static suction lift + VH + HL 

– Compare to net positive suction head (NPSH): energy 
required to move water into volute or impeller eye 
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Total Dynamic Head (cont.) 
• Net positive suction head 

– Available NPSH = Patm - PV - static suction lift - HL 

– Check pump curve to compare available vs. required NPSH 

• Total dynamic suction head (TDSH) 
– Fluid level suction side above eye of impeller 
– NPSH = static suction head + Patm - PV - HL 

– Pump choice OK if static suction head ≥ NPSH required 
– TDSH = static suction head + Patm - VH - HL 
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Hazen-Williams HL Nomograph 



Daniel B. Stephens & Associates, Inc. 

Hazen-Williams HL Nomograph 
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Pumps, Motors 
and Energy 
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Mechanical Power 
• Expressed as horsepower (hp). 
• The amount of work required to lift 1 lb to the 

height of 1 ft is defined as 1 ft-lb. 
• 1 hp is the theoretical power required to lift 

33,000 lb to a height of 1 ft in 1 minute. 
– 1 hp = 33,000 ft-lb/min 
– 1 hp = 550 ft-lb/s 
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Electrical Power 
• Measured in hp, watts (W) or kilowatts (kW) 
• 1,000 W = 1 kW = 1.34 hp 
• 1 hp = 746 W = 0.746 kW 
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Electrical Power (cont.) 
• Single-phase: 115 or 230 volt AC consisting of 

three legs (hot, neutral, and ground). 
Normally requires a starting circuit (relays and 
capacitors). 

• Three-phase: 208/230/460 volt AC consisting 
of three hot legs and a ground. Possible to 
reverse rotation by changing any two legs. 
Balancing phase is important to life. 
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• rpm = revolutions per minute 
• 2-pole motors rated for 3500 rpm 
• 4-pole motors rated for 1750 rpm 

Motor RPM 
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Weatherhead 

Fan  

Stator 

Rotor 

Frame 

Shaft 

Bearing  

Motor Terminology 
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Common Motor Types, NEMA Frame Types 

• TEFC (Totally Enclosed Fan Cooled) 
• TENV (Totally Enclosed Non-Ventilated) 
• TEAO (Totally Enclosed Air Over) 
• TEXP (Totally Enclosed Explosion-Proof)  
• ODP (Open Drip-Proof) 
• C-Face 
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Motors 
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Common AC Motor Types 

• Induction 

• Synchronous 
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Induction Motors 
• Power is applied only to the stator 
• Rotational motion is induced to the rotor by means of 

a rotating magnetic field 
• Less efficient than synchronous motors 
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Synchronous Motors 

• Power is applied to both rotor and stator 
• Slip rings used to energize rotor windings 
• Cannot start by themselves - must be started by 

induction until reaching synchronous speed (~95%) 
• Constant speed until pull-out torque is reached, at 

which point motor stops 
• More efficient than induction motors 
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Understanding Motor Nameplates 
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Motor, 
% efficiency 

Pump, 
% efficiency mhp bhp whp 

Pump and Motor Efficiencies 
• Motor or wire hp (mhp) = electrical energy in hp 

supplied to motor; motor efficiency determines 
brake hp 

• Brake hp (bhp) = mechanical energy in hp supplied 
to pump shaft from motor; pump efficiency 
determines water hp 

• Water hp (whp) = mechanical energy in hp 
transferred to water by pump 
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Horsepower Requirements 
• Water hp: energy transferred to water by pump 

– hp = (Q [gpm] x 8.34 lb/gal x TDH [ft])/33,000 ft-lb/min 
– whp = (Q x TDH)/3,960 

• Brake hp: energy transferred to shaft of pump from 
shaft of motor 
– bhp = whp/Effpump 

• Motor or wire hp: energy required in electrical input 
to the motor 
– mhp = bhp/Effpump 

– Used to calculate cost of pump operation 
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Pump Curves 
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Pump Curve Characteristics 
• Head capacity curve: Curve A 

– Shows relationship between head (ft) and 
capacity, or flow (gpm) 

• Brake horsepower curve: Curve B 
– Indicates power in hp required for pump to meet 

head and flow conditions from Curve A 

• Efficiency curve: Curve C 
– Provides efficiency of the pump 
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Affinity Laws 
• Impeller diameter and pump speed (rpm) for pump 

curve must match impeller diameter and speed of 
pump 

• Can use affinity laws to compensate 
– For changes in diameter 

• Q2 = Q1 x D2/D1 

• H2 = H1 x (D2/D1)2 

• hp2 = hp1 x (D2/D1)3 

– For changes in speed 
• Q2 - Q1 x rpm2/rpm1 

• H2 = H1 x (rpm2/rpm1)2 

• hp2 = hp1 x (rpm2/rpm1)3 
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Shut-Off Head 
• The maximum amount of head or pressure a 

pump can develop 
• Flow drops to 0 when a pump reaches shut-off 

head 
• Pump curve not valid if pump cannot generate 

rated shut-off head 
– Could be due to worn impeller or worn wear rings 
– Could also be due to pump running at lower rpm 

than rating 
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Mechanical Systems  
Operation and 

Maintenance (O&M) 



Daniel B. Stephens & Associates, Inc. 

Maintenance and Troubleshooting 
• The part that fails is seldom the root cause of 

the failure. Until you correct the root cause, 
repeat failures will occur. 
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• Packing and glands 
• Mechanical seals 
• Bearings 
• Shafts 
• Submersible well systems 

Maintenance and Troubleshooting 
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Packing Problems 
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• Run dry 
• Deadheading 
• Temperature 
• Alignment 
• Vibration 
• Particulate/abrasives 
• Chemical incompatibility 

Mechanical Seals: Common Failures 
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Bearings 
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Radial, Axial, and Thrust Loads 
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• Lubricate per manufacturer’s 
recommendations 

• Sealed or shielded bearings are factory 
lubricated and rated for 10,000 hours and up 

• Overgreasing is not recommended 
• When placing on shaft, be aware of creating 

flat spots 

Bearing Maintenance 
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• Lack of lubrication/temperature 
• Dirt 
• Improper installation (flat spots) 
• Fatigue 
• Vibration 

Bearings: Common Failures 
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• No pipe support 
• Overtorqueing bolts 
• Improper alignment (bases and supports) 

Static Joints: Common Failures 
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• Cavitation wear 
• System design 
• Particulate matter 
• System add-ons 

Hydraulic Common Failures 
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• Misalignment 
• Improper sizing (hp vs. rpm) 
• Fatigue 

Couplings: Common Failures 
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General Start-Up of Pumps 
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Submersible Pump Troubleshooting 
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Submersible Pump Troubleshooting 
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Submersible Pump Troubleshooting 
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Submersible Pump Troubleshooting 
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Chemical 
Feed Pumps 
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Pump Design: Positive Displacement 

• Diaphragm pumps 
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Diaphragm Pump System 
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Peristaltic 



Daniel B. Stephens & Associates, Inc. 

Questions? 
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