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Gear Pump Vane Pump

Hose Pump Diaphragm Pump Reciprocating Pump

Lobe Pump
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 � Positive Displacement

Centrifugal Pump
Regenerative 

Turbine Pump
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 � Rotodynamic



Centrifugal Pumps
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Centrifugal Pumps

Where 
H = Total head developed in feet.
v = Velocity at periphery of impeller in feet
      per sec.
g = 32.2 Feet/Sec2

D = Impeller diameter in inches

H = 
v

2

2g

v =
RPM x D
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CENTRIFUGAL PUMPS
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NUMERICAL SIMULATION      

OF A CENTRIFUGAL PUMP

SWIRLING FLOW AT IMPELLER EYE



VELOCITY VECTOR INSIDE IMPELLER

NUMERICAL SIMULATION      

OF A CENTRIFUGAL PUMP

NUMERICAL SIMULATION       

OF A CENTRIFUGAL PUMP

velocity vector inside volute

stream line inside volute



pressure distribution

NUMERICAL SIMULATION       

OF A CENTRIFUGAL PUMP
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 �����# (pressure)
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������ (friction)

 ��	(%$ (flow)



�����# (pressure)
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������ (friction)
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����%�� (viscosity)
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roughness)
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Q = 449(A x V)

Where
A = area of pipe in square feet.
V = velocity of flow in feet per second.
Q = Capacity in gallons per minute



energy & head 

in pump system
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�����# (pressure)

	+�#�������� (elevation)

,	�
������ (friction)

����
	4� (velocity)

pump energy = 

elevation energy + friction energy



�=>�
?� (pump head)

Webster’s Dictionary definition 

of head is:  “a body of water kept 

in reserve at a height.”

�=>�
?� (pump head)

shut off head



�=>�
?� (pump head)

�=>�
?� (pump head)

Total Dynamic Head (TDH) = Total Static Head + Total Loss Head



�����#�		�����
(Atmospheric Pressure)

���	+�#����+
$ �����#�		����� = 14.7 psia (101 kPa)

?

�����# - �=>�
?�
1 atm = 14.7 psi = 34 ft.wg

1 psi = 2.31 ft.wg

1 atm = 29.92 in.hg

1 psi = 2.035 in.hg

head (ft) = psi x 2.31                

s                      sp.gr.          



Total Dynamic Head (TDH)

Total Dynamic Head ���)$#������
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net positive suction head
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net positive suction head

NPSHA =  (Pa- Pv) x 2.31 ± Z - hf            
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(14.7 PSI)
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� � � �������������	�� 320 C ������	�� = 0.7 PSI
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                       ,"� /566�������8�	���

net positive suction head

	+%�-�������(%$0-�"�� suction nozzle (��#� 
impeller eye  "+
��������#$�  �#
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friction, entrance loss, turbulence

npsha "'����������-������#$�
%$-��� (npshr) 


)���(�-*%�
�����		+
%�&����
�7(���,$+
���
�=6%� cavitation



net positive suction head

NPSHr �-�(��"�� PUMP PERFORMANCE CURVE


�- ���  400 GPM �-� NPSHr = 10 FT

�����#(� 

(vapor pressure)

100 c 82 c 49 c



CAVITATION

CAVITATION 
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cavitation

Suction Cavitation

Suction cavitation occurs when the pump suction is 
under a low-pressure/high-vacuum condition where 
the liquid turns into a vapor at the eye of the pump 
impeller.

Discharge Cavitation

Discharge cavitation occurs when the pump discharge 
pressure is extremely high, normally occurring in a 
pump that is running at less than 10% of its best 
efficiency point. The high discharge pressure causes 
the majority of the fluid to circulate inside the pump 
instead of being allowed to flow out the discharge. 
This velocity causes a vacuum to develop at the 
cutwater (similar to what occurs in a venturi)          
which turns the liquid into a vapor.

Cavitation 
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cavitation
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�7 low suction energy  


�������-� npsha �����-� npshr "+
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����=6%� cavitation

,�-��%	#�
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�7 high suction 

energy ,$��   Hydraulic Institute 

,+�*%����-� npsha �����-� npshr 

	+%�-�� 1.20 - 2.50 
�-� ��%	#�
�	��������� 
high suction energy %	�� very high 

suction energy

cavitation DAMAGE



cavitation DAMAGE

DAMAGE FROM RECIRCULATION



pump performance curve

PUMP PERFORMANCE CURVE 
�7
,0 �)���,��� 

�	�1�����#�)#:!	+%�-�� 
?� ,$+    
�#�	���	(%$    (H-Q CURVE) 

�	+���:� �) (EFFICIENCY)

��$#���� (brake horse power)

required net positive suction head

PUMP PERFORMANCE CURVE



pump performance curve

radial flow pump

pump performance curve

mixed flow pump



pump performance curve

axial flow pump

affinity laws



SYSTEM CURVES
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CURVE ,$+ SYSTEM 

CURVE
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SYSTEM CURVES

The system head is made up of 3 components:

Static head

Pressure head

All losses; Friction, Entrance & Exit Losses



SYSTEM CURVES

all friction system positive suction head system

gravity head systemmostly static head system
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SUCTION PIPING SHOULD INCLINE UPWARD TOWARDS PUMP
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intake system design



intake system design

intake system design



AIR ENTRAINMENT

QUESTION

PLEASE


