
�������	
�������
�	��������������

��	�����
����	����������� �!��"��

#�� �		��" $��%&�'����(

�$�'�	)$	��*����� (SPECIFIC SPEED)

"+$,�	������+- . "+$ ��/	+���/���'		!��0�
��	��������� ��� �+"	���	��� �$�'�+� ,���$�'�	)$	��
��	�������������
�1 ��*'��	�'�2�+� . ���,"�" ��+�3�
*���
/�3' ��'�	!��	���������'		!����	���������3��
*4'���	��"+$,�	�+� . "+$'����$2	$'�+� ,��3����5�
�		����	���$ � �$�'�	)$	��*�����

     Ns   �$�'�	)$	��*����� (Specific Speed)

n �$�'�	)$	��" �����
Q �+"	���	��� (GPM) ��� BEP

H �$�'�+���	��� (FT) ��� BEP
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Radial Vane Pumps

Ns = 500 to 1,000   (D2/D1 > 4)

Francis Vane Pumps

Ns = 1,000 to 4,000   (D2/D1 = 1.5 -2)



Mixed Flow Pumps

Ns = 4,000 to 9,000   (D2/D1 <1.5)

Axial Flow Pumps

Ns = 9,000 to 20,000   (D2/D1 =1)



Single Suction Pumps

3��,� ��	����������	���� End Suction Pumps, 

Vertical In-Line Pumps, Vertical Multi-

Stage Pumps

'+�*�
���+������'��+"	���	���3' ��'�� �����*��*�
���� Hydraulically Axial Load �� ,��*�6 �'
��	�3������'�����	���������'�0���
/- 

Double Suction Pumps

3��,� ��	����������	���� Horizontal Split Case 

Pumps, Vertical Split Case Pumps

�/'�����*�
���+������'��+"	���	�����'�� �����*��*�
������	�'����(0�,	�������04��"�',�$,�� 

(Balanced Hydraulically Axial Load)

NPSHr *�'�� �"���$ ����"����	#��                         

Single Suction Pumps �	�'�2 33%

6 �'��	�	+�&�3�� ��,'���	���������*�'�                  
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/- 



Best Efficiency Point (BEP)

BEP ��5�"�,/� �����	���������'��	���������
������� Pump Performance Curve

��	����0���	���������*�'��$�'�'����(
,����!��	���������"�,/� ���

�$	�����'���$2,���������	��������������

/�'�*������
����+� BEP '��������


����7��+"� ��'�	!
������	���������3��
�
� $  70 % - 120 % 

Best Efficiency Point (BEP)

H

Q
Design Flow

Design
Head

System
 Curve

Max. Impeller Dia.

B.E.P.



Radial Force acting on 

Impeller at Various Flow

Radial Force acting on 

Impeller at Various Flow



Pump Run-Out

Run-Out ���"�,/� �����	�������������
������3���0$�0�*�� BEP '��

���"�,/�  Run-Out �+"	���	3/�*���04��
'�� ,����*��������	 Surge /	�����$�
0� Cavitation 3��

'��"�	(��*����	�,�3889��������+� 

�����*����	���������"����	���+��04��'��

���"�,/�  Run-Out '+�����,	�+���������
�� �����'�*�����$� Surge & Cavitation

Minimum Flow Point

Minimum Flow Point ���"�,/� �����	���
����������
����+� Shut Off Head #��'�
�+"	���	3/�"��'��*���2/��'�0������� 
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BEP '�� �$�'�+����
�"+$��	���������       

*�� ��1 ��04��*��������$� :             

Discharge Recirculation           

Suction Recirculation



Operating Condition   

at Various Flow 

Suction & Discharge Recirculation



RECIRCULATION CAUSES CAVITATION

�'���3��������	����0���	������������
�/'���'3��,��$  ��	��/��0�����	���
�������+������+"	���	��� (Flow Rate) 

,���$�'�+���	��� (Head)���!��"��*�'�
:�#��"	" ��'		!�� ,���	���������
0���	����������'���
����   ,���+/'��
	$'!4  � ���+��  � �
��* ��
���	6 �'
��	� ������	
����0���	���������

��	��/��0���0���	���������



Friction Loss 

& Pump Head

Loss Formula for pipe

hf = Head Loss, ft

f = Darcy-Weisbach Friction Factor (Dimensionless)

L = Length of Pipe, ft      

D = Internal Diameter of Pipe, ft

V = Average Velocity, ft/sec

g = Acceleration of Gravity, 32.174 ft/sec

hf = f(L/D)(V /2g)2

2



Loss Formula for pipe

hf = Head Loss, feet

C = Hazen&Williams Friction Factor (Dimensionless)

L = Length of Pipe, feet     

Q = Flow Rate, gallons per minute

d = Inside Diameter of Pipe, inches

hf = 0.002083 L (100 )
1.85 

 x   Q
1.85

d
  
4.8655C

Hazen & Williams’s formulas have been developed for 
water flowing under turbulent conditions. This formula is 
basis a fluid having a kinematic viscosity = 0.00001216 
ft /sec (1.130 centistokes) or 31.5 SSU which is the case
of water at 60F.

2

Hazen and Williams-Friction Factor “C”



Loss Formula for 

Valves & Fittings

hf = Head Loss, ft

k = Geometry and Size Dependent Loss Coefficient  

V = Average Velocity, ft/sec

g = Acceleration of Gravity, 32.174 ft/sec

hf = k(V /2g)
2
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Friction Loss for Water in 

Commercial Steel Pipe (Schedule 40)



Friction Loss for Water in Plastic 

Pipe (Schedule 80)

HEAD LOSS CALCULATION

95

�+"	���	3/�: ���+�	���  340  gpm

�$�'�	)$��������
��
���	���,������ ��  10 ft/sec

�+�+��� �� *�'�0��� 4 ���$  � ����*�'�0��� 6 ���$



HEAD LOSS CALCULATION

Calculation of Total Dynamic Head

H = Hs + Hsd + Hv + Hf

Static Head (Hs)

��������	
	�������������	�������� A ������ B �����	 Hs

Hs = 95 - 45 = 50  feet

System Differential Head (Hsd)

�����������������!��������"����#!� 

Hsd = 0 feet

HEAD LOSS CALCULATION

Velocity Head (Hv)

Velocity in discharge pipe = 8.8 feet/sec

  Velocity Head in discharge pipe = V2/2g =(8.8)2/(2 x 32.174)

                                            = 1.204  feet

Velocity in suction pipe = 3.9 feet/sec

  Velocity Head in suction pipe = V2/2g =(3.9)2/(2 x 32.174)

                                            = 0.236  feet

Hv = 1.204 - 0.236 = 0.968  feet



HEAD LOSS CALCULATION

Friction Losses (Hf)
Piping Losses based on a Flow Rate of 340  GPM
Pipe Size(inches)    Length(Feet)    Hf per 100 ft    Friction Loss (Feet)
     4                    150                      6.800                   10.200
        6                                  55                      0.880                      0.484
                                     Total Piping Losses = 10.684 feet
Valves and Fittings Losses 
Item                         K factor    V2/2g        Hf     Qty    Total Hf
6”flanged gate valve      0.11      0.236     0.026      2           0.265
6” flanged Std. elbow      0.29         0.236        0.068      2           0.136
4” flanged gate valve      0.16          1.204        0.193      2           0.386
4” flanged check valve    0.20          1.204        0.241      1           0.241
4” long rad.flanged elbow 0.22          1.204        0.265      1           0.265
                                        Total Valves & Fitting Losses =  1.193  feet

Total Hf = 10.684 + 1.193 = 11.877 feet

HEAD LOSS CALCULATION

Friction Losses (Hf)

Implementing a 15 % Service Factor 

Hf  = 11.877 x 1.15 = 13.659  feet

H = Hs + Hsd + Hv + Hf

     = 50 + 0 + 0.968 + 13.659

     = 64.627  feet

Pump Operating Condition : 340 GPM @ 65 feet.TDH 

�	����$��' #��#�	�* static head �;������	����� A '���<�


>������	���;���� B �?>;���;�������>����� 



ACTUAL OPERATING CURVES

from head loss calculation sheets

340

50

EQUIVALENT LENGTH

��5�� ��$�'��$������� �� �0�
�$�'�+��� (Friction Loss) 

0�$��($,��0��" �" �1 
/�'�� �
�$�'�+����� ��+��$�'�+������
����04��
�� $�$�'��$0�����
� �"	����+"	���	3/�����$�+�
Equivalent Length '�/� $�
��5� 8�", �'"	



EQUIVALENT 

LENGTH

HEAD LOSS CALCULATION

"+$�� ���	���$2�$�'�+���
�
$*	�����)���"����'� (secondary 

chilled water system) �����
��/�� Pump Head 



       Total Dynamic Head Calcullation Sheets

Secondary CChilled Waterr Pumps : SCHWP 001-04

Route Section Description Size Length/EQL Q'ty Flow Friction Loss Velocity Equip. Total Dynamic

( Inch )  ( Ft ) (GPM) ( Ft/100 Ft ) (Ft/Sec) Loss  (FT) Loss ( Ft )

Header to SCHWP-4 Header Inlet 30-24 150.00 1 10,925.00 0.80 9.00 1.20

Pipe 24 14.76 1 10,925.00 0.80 9.00 0.12

Elbow 90 24 14.00 1 10,925.00 0.80 9.00 0.11

Tee Line 24=12 9.60 1 10,925.00 0.80 9.00 0.08

Butt. Valve 24 1 10,925.00 0.28 0.28

SCHWP-4 to P3 Pipe 24 8.20 1 8,195.00 0.45 6.30 0.04

Tee Line 24=12 9.60 1 8,195.00 0.45 6.30 0.04

SCHWP-3 to P2 Pipe 24 8.20 1 5,465.00 0.23 4.50 0.02

Tee Line 24=12 9.60 1 5,465.00 0.23 4.50 0.02

SCHWP-2 to P1 Pipe 24 8.20 1 2,735.00 0.10 3.00 0.01

Tee Branch 24=12 62.00 2 2,735.00 1.40 7.60 1.74

Pipe 12 13.12 1 2,735.00 1.40 7.60 0.18

Butt. Valve 12 2 2,735.00 0.23 0.46

Strainer 12 1 2,735.00 4.16 4.16

Flexible Con. 12 2 2,735.00 0.23 0.46

Elbow 90 12 9.00 2 2,735.00 1.40 7.60 0.25

Reducer 12=10 11.00 1 2,735.00 1.40 7.60 0.15

12=8 11.00 1 2,735.00 1.40 7.60 0.15

Check Valve 12 1 2,735.00 2.90 2.90

Pump Discharge to R2(P)Pipe 24 185.32 1 10,925.00 0.80 9.00 1.48

Elbow 90 24 14.00 2 10,925.00 0.80 9.00 0.22

Elbow 45 24 22.00 1 10,925.00 0.80 9.00 0.18

Tee Line 24=18 9.60 1 10,925.00 0.80 9.00 0.08

R2(P) to Return Header Pipe 24 190.24 1 10,925.00 0.80 9.00 1.52

Elbow 90 24 14.00 3 10,925.00 0.80 9.00 0.34

Elbow 45 24 22.00 1 10,925.00 0.80 9.00 0.18

Butt. Valve 24 1 10,925.00 0.28 0.28

Header Inlet 24=30 150.00 1 10,925.00 0.80 9.00 1.20

Tee Line 24=18 9.60 1 10,925.00 0.80 9.00 0.08

0.00

Page 1 Total Head LLoss ( Ft ) 17.93

Route Section Description Size Length/EQL Q'ty Flow Friction Loss Velocity Equip. Total Dynamic

( Inch )  ( Ft ) (GPM) ( Ft/100 Ft ) (Ft/Sec) Loss  (FT) Loss ( Ft )

R2(P) to Cinema Reducer 24=18 22.00 2 5,704.00 1.00 8.00 0.44

Pipe 18 262.40 1 5,704.00 1.00 8.00 2.62

Elbow 90 18 11.00 2 5,704.00 1.00 8.00 0.22

Elbow 45 18 16.00 3 5,704.00 1.00 8.00 0.48

Tee Line 18=8 7.60 2 5,704.00 1.00 8.00 0.15

Cinema to Lobby Pipe 18 78.72 1 4,744.00 0.70 7.00 0.55

Elbow 90 18 11.00 2 4,744.00 0.70 7.00 0.15

Tee Line 18=5 7.60 2 4,744.00 0.70 7.00 0.11

Lobby to R-4(P) Pipe 18 439.52 1 4,360.00 0.60 6.50 2.64

Elbow 90 18 11.00 8 4,360.00 0.60 6.50 0.53

Tee Line 18=4 7.60 2 4,360.00 0.60 6.50 0.09

L8 to L7 Pipe 18 29.52 1 4,360.00 0.60 6.50 0.18

Tee Line 18=12 7.60 2 4,360.00 0.60 6.50 0.09

L8 to L7 Reducer 18=12 16.00 2 2,472.00 1.10 6.50 0.35

Pipe 12 6.56 1 2,472.00 1.10 6.50 0.07

Tee Line 12=4 6.00 2 2,472.00 1.10 6.50 0.13

L7 to L6 Pipe 12 35.42 1 2,107.20 0.90 6.40 0.32

Tee Line 12=4 6.00 2 2,107.20 0.90 6.40 0.11

L6 to L5 Pipe 12 35.42 1 1,862.40 0.70 5.60 0.25

Tee Line 12=4 6.00 2 1,862.40 0.70 5.60 0.08

L5 to L4 Reducer 12=10 11.00 2 1,597.20 1.30 6.80 0.29

Pipe 10 35.42 1 1,597.20 1.30 6.80 0.46

Tee Line 10=4 9.00 2 1,597.20 1.30 6.80 0.23

L4 to L3 Pipe 10 35.42 1 1,357.20 0.90 5.80 0.32

Tee Line 10=4 9.00 2 1,357.20 0.90 5.80 0.16

L3 to L2 Reducer 10=8 9.00 2 1,151.50 2.00 7.50 0.36

Pipe 8 35.42 1 1,151.50 2.00 7.50 0.71

Tee Line 8=4 4.70 2 1,151.50 2.00 7.50 0.19

0.00

0.00

Page 2 Total Head LLoss ( Ft ) 12.28



Route Section Description Size Length/EQL Q'ty Flow Friction Loss Velocity Equip. Total Dynamic

( Inch )  ( Ft ) (GPM) ( Ft/100 Ft ) (Ft/Sec) Loss  (FT) Loss ( Ft )

L2 to L1 Pipe 8 35.42 1 837.30 1.25 5.50 0.44

Tee Line 8=4 4.70 2 837.30 1.25 5.50 0.12

L1 to B1 Reducer 8=6 7.70 2 540.20 2.00 6.20 0.31

Pipe 6 65.60 1 540.20 2.00 6.20 1.31

Tee Line 6=6 3.80 2 540.20 2.00 6.20 0.15

B1 to B2 Tee Branch 6=1.5 16.00 2 31.40 7.00 5.00 2.24

Pipe 1 1/2 13.78 1 31.40 7.00 5.00 0.96

Elbow 90 1 1/2 2.40 4 31.40 7.00 5.00 0.67

Gate Valve 1 1/2 1.20 2 31.40 7.00 5.00 0.17

R-4(P) to Mall Artist Pipe 1 1/2 275.52 1 31.40 7.00 5.00 19.29

Tee Line 1.5=1.5 1.50 2 31.40 7.00 5.00 0.21

Mall Artist to F-B2-02 Reducer 1.5=1 1.30 2 7.20 3.80 2.70 0.10

Pipe 1 223.04 1 7.20 3.80 2.70 8.48

Elbow 90 1 1.60 8 7.20 3.80 2.70 0.49

Gate Valve 1 0.84 2 7.20 3.80 0.06

Strainer 1 1 9.20 9.20

AutoBal.Valve 1 1 7.47 7.47

2 Way Valve 3/4 40.00 1 7.20 3.80 1.52

F-B2-02 Coil 1 15.00 15.00

From Page 1 17.93

From Page 2 12.28

0.00

0.00

0.00

0.00

Page 3 Total Head LLoss ( Ft ) 98.40

Total Dynamic Head     = 98.40 x 1.15 

                                        = 113.16

SCHWP PUMP HEAD = 115   FT.

PUMP SELECTION

0����*�	2������"��
���	�������	���������

/��/'���':

1) Liquid to be pumped.

2) flow Rate Required.

3) Total Dynamic Head.

4) Net Positive Suction Head Available.

5) Operating Temperature.

6) Operating Pressure.

7) Specific Gravity.

8) Nature of Liquid.

9) Operational Experience.



PUMP PERFORMANCE CURVE

B.E.P.

PUMP PERFORMANCE CURVE

B.E.P.



��	��*�	2��������	������������
�/'���',��'��	������J��������

�'���"����	� ����	���*��� ����1 3��+� ����2 

��$��+"	���	� ���3' "���$ � 1500 GPM 

���$2� �  Total Dynamic Pump Head 3 �� 
95 FT  ��	���������"+���� ��K�� ���� ���$2
� � Available Net Positive Suction Head 

3�� 15 FT  ��	���������"������" ������3' "��
�$ �$+��� 20 �+�$#' 
/������
����	������������
�/'���',��'��	�����������������

PUMP PERFORMANCE CURVE

Flow                 = 1500  GPM

TDH                   =  95      FT

Rated Power  =  43      BHP

Efficiency       =  84      %

NPSHr              =  15      FT

Imp. Diameter =  12.55”



PUMP PERFORMANCE CURVE

Flow                 = 1500  GPM

TDH                   =  95      FT

Rated Power  =  40      BHP

Efficiency       =  89      %

NPSHr              =  8        FT

Imp. Diameter =  11.90”

PUMP PERFORMANCE CURVE

Flow                 = 1500  GPM

TDH                   =  95      FT

Rated Power  =  41      BHP

Efficiency       =  88      %

NPSHr              =  8        FT

Imp. Diameter =  11.90”



"�	���	�����	���������
5015-9 6012-3 6015-1

Flow 1500 1500 1500

Head 95 95 95

BHP 43 40 41

Efficiency 84 89 88

NPSHr 15 8 8

Model

Description

��	��/��0���'��"�	(

/�'� service factor 15%    

*�� rated horse power       

0�*�����,��


/�'�0���'��"�	(�	�����'!4
����
����0�0���
�������*��
���,��                                

(non-overload curve)



��	��/��0���'��"�	(

Flow                     = 975  GPM

TDH                       = 170     FT

Rated Power      =  50      BHP

w 15 % SF.           =  57.5   HP

Motor Size          =  60       HP

NOL Motor Size =  100       HP

��	0+���	�����������$� 

Variable Frequency Drive

������	+�	����	����0���	���������
/�*��
����0���	�����������  Performance 

Curve �0��/�*���������"����	#��	���

3' "������',	��������
/��+�	���������	+�
*������0�	����0��/�*������0�
��	���������

��'�	!�	�/�+���+��"�'�L Affinity 

Law �'�����	�0���	������������



��	0+���	�����������$� 

Variable Frequency Drive

��$�0��*��+�0�'��"�	( 3' �$	��	����	
����0���	����������"���$ � 870 RPM

(30 HZ) �/"���$���		�����$�'	���*�!��
�����"�'3���$�

�$	
��'��"�	(���'� Thermister ������9��+�
��2/��'�0�'��"�	(���������+�

�'���"��������	������������0+���$� VFD        

�� 0����+���	������������	������ "��
��*�	2���	�	���� performance 

curve �� �	�����

��	��*�	2������
�� VFD �+�	���" �1

mostly static head system

	��� all friction system *�3��
�	�#���(*����	
�� VFD '��������
,��*�3��:���	�	�/�+���+���'���
'���	�������,����	�0�	���

all friction system

	��� mostly static head system 

*�3' 3���	�#���(*����	
�� vfd ,��
��*
����+�����$ �	���	���������
���,��'��� �!��"��



��	0+���	�����������$� 

Variable Frequency Drive

Multi-Speed Performance Curve

Customer : Pump size : 6012-3/4 KP Flow, rated : 1,500 USgpm
Customer reference : Stages : 1 Head, rated : 95.0 ft
Item number : Pump speed, rated : 1,483 rpm Fluid density, rated / max : 0.998 / 0.998 SG
Service : Based on curve number : RC2363-1 Rev 0 Viscosity : 1.00 cP
Quantity of pumps : 1 Efficiency : 89.26 % Cq/Ch/Ce [ANSI/HI 9.6.7-2004] : 1.00 / 1.00 / 1.00
Quote number : Power, rated : 40.2 hp Impeller diameter, rated : 11.82 in
Date last saved : 24 Aug 2008 6:01 AM NPSH required : 6.38 ft -

p

Paco Express 6.1.1.25

����������	
� ������������������������� �����      
���������������������������� FULL SPEED    



Pump performance Curve 


�02������	������������+����

System Curve 0�	���

�02������	������������+����



*��"+�	�/$ � Performance Curve ,�� System 

Curve *���5�*������*	�0���	���������

�'���"����	�	+����+"	���	3/�#����	/	��$��($ 

����	���*��������,������*������0���	���������

�"�,/� 
/' 



�'���
�� Variable Frequency Drive 

�	+���	����	����0���	���������

= PQ��
Wpump,out

�'�����	��������*������	�/$ ���	/	��$��($
,����	
�� Variable Frequency Drive



QUESTION

PLEASE


