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TOTAL DYNAMIC HEAD = STATIC HEAD + FRICTION HEAD  

PUMP OPERATIONAL POINT 



Static Head 



Static Head 



Static Head 



Static Head 



Density of Water = 62.4 lbs/cubic foot 

 

62.4 lbs/cubic foot X 1 foot of water 

 

62.4 lbs/square feet X (1 ft)2 = .433 PSI 

     (12 in)2 
 

So, 

 

1 foot of water produces a pressure of .433 PSI 

 

   Or  

 

1 PSI  = 2.31 feet of liquid 

 

 

 

 

2.31’ 

Static Head 



Static Head 
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Static Head 



Hstat 

Static head - open outlet 

• Filled pipes - no air pockets 

• Static head  independent of pipe profile 



Static head - submerged outlet 

• Filled pipes - no air pockets 

• Static head  independent of pipe profile 

• Hstart = Head needed to start pumping 

 

 

Hstat 

Hstart 



Calculating Friction Head 

Darcy-Weisbach 

 

        Hf =  f * L * V2 

                  D * 2 * g 

f = friction factor 

L= length of piping 

V=velocity of flow  

D= inside diameter of pipe 

g= gravity 

Hazen-Williams 

 

Hf = 0.002083*L*(100)1.85*GPM1.85 

                             (C)1.85        d 4.3655 

 

L= length of pipe 

GPM= flow through pipe 

C= friction factor 

d= inside diameter of pipe 



Friction Head Increases with Increasing Flow Rate 



Friction Head Loss Decreases with Increasing Diameter 



Friction Loss Increases with a 
Rougher Pipe Wall 



 
• Typical loss coefficients (z) 

• Combination effects 
 

z=0.4 

z=1.0 

z=0.9 

z=0.3 

z=0.2 

Point losses 
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Dynamic head 

Friction losses ~ v2 

• Friction between pipes and the 

pumped media 

• Proportional to length and friction 

factor of pipes 

Point losses ~ v2 

• Losses associated with sudden 

disturbances of the flow 

 

 

Dynamic head = friction, point losses and fluid velocity 



System curve 



H 

Q 

Hstat 

Total Head 

 

Total head: 

 

Htot = Hstat + Hloss 

Hstat = static head 

Hloss = friction losses + point losses 

 
 

Hloss 

Htot 
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1. Basic Model Number and Type 

2. Impeller Code Number 

3. Impeller Diameter 

4. Voltage Supply 

5. Motor HP 

6. RPM 

7. Brake Horsepower Curve 

8. Motor input (KW) curve 

9. Capacity (Q)-Head (H) Curve 

10. Net Positive Suction head required 

curve (NPSHR) 

11. Power Limit (P) 

12. Hydraulic Efficiency 

13. Overall Efficiency 

14. Motor Efficiency 

15. Power Factor 

16. Motor # 

17. BEP or Duty Point 

 

PUMP CURVE DETAILS 



Flygt Performance curve 

• Input power (P1) 

• Shaft power (P2) 

 

• Pump efficiency 

• Overall efficiency 

 

• Head 

• Flow 

 

• Limitations (Power) 

• NPSHR 
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Flygt Performance curve 

• Input power (P1) 

• Shaft power (P2) 

 

• Pump efficiency 

• Overall efficiency 

 

• Head 

• Flow 

 

• Limitations (Power) 

• NPSHR 



Duty point 
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System Head Curves 

A system head curve shows the loss in a system over and above the 

static head of the system. 

Operating Point 



H 

Q 

Hstat 

Uncertainty in duty point 

• Factory tolerances 

• Water levels 

• Theoretical loss factors 

• Clean vs sewage water 

• Pipe roughness 
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The use of gauges to Determine Pump Performance 



Estimating Flows 



Pump Draw Down Test for Estimating Flow 

39 



Pump Draw Down Test for Estimating Flow 

40 



Parallel pumps 

H (m) 

Q (l/s) 
P1 P2 P1+P2 P1 P2 



NPSH- Net Positive Suction Head 



 

NPSH- Net Positive Suction Head 

Cavitation 

 

• Pressure drops locally at the inlet to the impeller blade channel. 

 

• Low pressure bubble will form if the pressure falls below the vapor 

pressure of the liquid. 

  

• The bubbles will implode when the pressure increases. 



 

 

NPSH- Net Positive Suction Head 

•NPSHreqRequired pressure at pump inlet to avoid cavitation 

 

•NPSHavailable  Available pressure at the inlet 

 

•NPSHavailable  > NPSHreq 

 

 

 

 



46 

S 

34 ft 

NPSH curve 

At sea level, we say atmospheric pressure 

is 1 atmosphere (this is equal to 14.7 psi).  



 

NPSH curve 

 

• NPSH3 absolut pressure 

resulting in a 3% drop on 

discharged head 

 

• NPSHR = NPSH3 + margin 

 

• Flygt NPSH curves show 

NPSHR 

 

 

Read more in the Engineering Paper on 

OASIS: ”Net Positive Suction Head 

(NPSH) Terms & Applications” 

 
http://oasis.xyleminc.com/en-us/Home/engineering-

expertise/transport/Engineering-material-broshures-

presentations/Pages/default.aspx 
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Cavitation 

• Cavitation erosion 

• Noise (Crackling sound) 

• Over time, reduced performance 

 

 

Erosion on suction side Erosion on pressure side 



Minimum Retention Volume 



CHECK VALVE MAINTENANCE 



Changing impeller diameter 

670 585mm 

670 470mm 



Flow [gpm] 

0 3170 6340 9510 12680 15880 19020 22190 

Head [ft] 

0 

16 

33 

49 

66 

82 

98 

114 

* CP 3400 

6-pole 
8-pole 

10-pole 
12 pole 

Changing pole number 

Synchronous speed: 

 

60 Hz: n=7200 / # of poles 
#

 120
pole

frequency
n 

60 Hz Pole # rpm 

 12   600 

 10   720 

   8   900 

   6 1200 

   4 1800 
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AFFINITY LAWS 



Flow control with VFD (changing frequency) 



Acceptable Operating Range vs Preferred Operating Range 

(AOR & POR) 

55 



Acceptable Operating Range vs Preferred Operating Range 

(AOR & POR) 
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Acceptable Operating Range vs Preferred Operating Range 

(AOR & POR) 
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Acceptable Operating Range vs Preferred Operating Range 

(AOR & POR) 

58 



Acceptable Operating Range vs Preferred Operating Range 

(AOR & POR) 
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Understanding Pump Power & Efficiency 

60 



Questions?? 

61 



The End – Thank you! 


