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Wen-Guang Li (2004)[6] ��������������� ��! "#$%&'��#���&'()���*)�+&'

" #$%&',-��./�!)�0��1&23+�' (Centrifugal Oil Pump) "=>���#���&'��#�/�'��+&'" #$%&',-�
�./�!)�0��1&23+�' ?�@� 65Y60 �C% ��!1�$�+&'"1��(��'D�)� !C+�����*)�"�@! 213 !!. 0���
()���*)��' 4 +���  $& 205 !!., 195 !!., 185 !!. 0�K 175 !!. ��#()���*)��C."=>�()�0��
+&'&)(#���#�1�, "M�, �/��)'"*�� 0�K =#K,@�N@O�* "?��"�C2��)� ",��3 �'()���*)� (Trim 
Curves) �C%ST��C%!C=#K,@�N@O�*�C�C%,T� (Best Efficiency Point) ()�0����#()���*)�+&'"M�0�K
�/��)'"*���C%ST� Shut-Off \-� /���]���2 ()�0����#���&'\-��/�!�"=#C2�"�C2��)��^_`C      
�` ��! ���2 (Affinity Law) "*$%&�C%SK /���]��#"=�C%2�0=�'",��c��d-�2e���'��*)� (Impeller 
Diameter) *����",��c��d-�2e���'��*)��C% 205 !!. &)(#���#�1����#)�c��#K����&2 3�2�).'
 ��!1�$�+&'"1�� 0�K ��#()�",��c��d-�2e���'��*)� ��+]K�C%()�0��()���*)����!�S����#
���&'�C%",��c��d-�2e���'&$%�D ���#)�c��#K��&2��'!��3�2�).' ��!1�$�+&'"1�� 0�K��#()�
",��c��d-�2e���'��*)� 0�K0,�'0��3��! ��!"=�C%2�0=�'�C%0(�(��'&2��'!�� �)� ��!1�$�
,/�1#)�0(��K",��c��d-�2e���' &2��'�#�h(�! ()�0��"1����C. ���#)�c��#K����&2���� 3�2 ��!
1�$�+&'"1�� "!$%&",��c��d-�2e���'��*)�\-�()���S/�����C%!������ 0�K"+�������)� ���C%
,&� ��&'��'�^_`C �C%�����3�2 Stepanoff. ��#�@" #�K1e",��3 �'��#()���*)��C%!C&2-� 0,�' ��!
0(�(��'&2��'!���)�+�&!-���#���&' 3�2"i*�K&2��'2@%' ",��3 �'=#K,@�N@O�* (Efficiency 
Curve) �)'�).�  ��*�#�!@"(&#e,!##\�K+&'" #$%&',-��./�!)�0��1&23+�' (Centrifugal Oil 
Pumps) �!�,�!�#\=#K"!@� ��&2��'0��S#@' 3�2�?�,!��#�C%!C&2-�,/�1#)�",��3 �'()���*)� (Trim 
Curves) ���#]C+&'",��c��d-�2e���'��*)����' �C%ST�=#K,@�N@O�*�C�C%,T� "!$%& �� T! ��!1�$�
�./�!)� (Viscous Oils) c�+&' ��!1�$�(�! ��*�#�!@"(&#e (�&'\-�*@S�#]�����#=#K"!@��C.
���2  
 James B. (Burt) Rishel, P.E.(2000)[7]   ��������������� ��! "#$%&' 40 =m +&'
"�h���&2"�C%2��)�" #$%&',-� ( 40 Years Of Fiddling With Pumps) (&�1�p%'��������\p' �` ��!
 ���2 (Affinity Law) ,/�1#)�" #$%&',-��C%=#)�"=�C%2�&)(#���#�1�3�2(#'���2 ��!"#h�#&� 1#$&
",��c��d-�2e���'��*)� 3�2�C% H = Q2  "?��"�C2��)� P = Q3 +&'*�#�!@"(&#e"1����C. "+����(@�().'
*�#�!@"(&#e�� &!*@�"(&#e0�K*����!)�(#�S,&�,O�*�C%"=>�S#@' ,!##\�K" #$%&',-�(#�S,&�
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&2��'�C"2C%2!���2��#"=�C%2�0=�' ��!"#h�#&� 0(�",��c��d-�2e���'��*)� c����&'0(�(��'�)� 
#-=�C% 2.1 �#�t,!##\�K?T�S#@'+&'",��3 �'" #$%&',-� ���2",��c��d-�2e���'��*)��C%0(�(��' 0�K
 ��!"#h�#&� '�C% "����)� 1,750 rpm ,����#�t*�#�3����+&'ST�=#K,@�N@O�*�C�C%,T� ����'��
",��3 �'�C. ST�=#K,@�N@O�*�C�C%,T����2",��c��d-�2e���'!���C%,T�  $&0,�'�C%ST� A �C% 1,335 gpm 
0�K 72 ft +&'"M� (84 L/s 0�K 215 kPa) ���2=#K,@�N@O�* 88% \���` ��! ���2�?����c� ST�
�C%!Cc��)*Ne"����)�,/�1#)� 7 in. (178 mm.) ",��c��d-�2e���'��*)� �#SK&2-��C%ST� B 1#$& 960 
gpm �C% 38 ft (61 L/s �C% 114 kPa) 0(�ST�S#@',/�1#)�",��c��d-�2e���'��*)��C.  $& �C%ST� C 1#$& 900 
gpm �C% 33 ft (57 L/s �C% 99 kPa) �)%� $&=#K!�] 6% ,-x",C2��" #$%&',-� 
 

 
 

#-=�C% 2.1 ,!##\�K" #$%&',-����2��#"=�C%2�0=�'",��c��d-�2e���'��*)� 
 

+]K�C%",��c��d-�2e���'��*)�"=�C%2�0=�'  ��!"#h�S/�"*�K+&'" #$%&',-�&�SSK"=�C%2�0=�'  
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"!$%&   
 S =  ��!"#h�#&�" #$%&',-� !C1���2"=>� rpm 
 Q = &)(#���#,-� !C1���2"=>� gpm 
 h = "M�#�! !C1���2"=>� ft 
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�!��).'1!�+&'" #$%&',-��C%0,�' ��!"=�C%2�0=�'�C. �� ��!"#h�S/�"*�K���2",��c��d-�2e���'
��*)� 0(��h!C!��*&�C%SK=#K"!@�S����#"=�C%2�0=�' ��!"#h�S/�"*�K���2��#"=�C%2�0=�'
",��c��d-�2e���'��*)� 0,�'��#-= 2.1 !)�"=>� ��!2��"*$%&&N@��2,@%'�C. ��&2D!)�"=>���#,#��'
1�)'S��" #$%&',-�!C��#��,&��C% ",��c��d-�2e���'��*)�(��'D ,@% '�C.�/�2��"*$%&�C%SK�?�              
��#"=�C%2�0=�'��*)���3=#0�#! &!*@�"(&#e ,/�1#)��/���2,!##\�K" #$%&',-� 3�2=#�dS��
��#=#K"!@� ��&2��'#K�)'+&'",��3 �'" #$%&',-�S#@' 
  ��!!C=#K,@�N@O�*+&'" #$%&',-��C. #-=�C% 2.1 ,-',T��C% 88% �C%",��c��d-�2e���'!��
�C%,T� "=#C2�"�C2����#@"�]����" C2' 71% �C%",��c��d-�2e���'��&2�C%,T� "1h����?)� \��&&�0��
"=>��C%*&�S "'$%&��+  $& 900 gpm �C% 38 ft (57 L/s �C% 114 kPa) !C��'3#''��c-�c�@(�C%!C" #$%&',-�  
�C%�1�=#K,@�N@O�*,-'���� 71% �C%"'$%&��+�C. 
 #K���./� HVAC (Heating Ventilation and Air Conditioning) S/����!��!C"M�
 '�C% "*$%&(�&'��#&)(#���#�1���#K���./� ()�&2��'+&'"M� '�C%�C.  $& 1&cp%'�! (cooling tower) 
2�,-'+p.��= 1#$&  ��!�)� '�C% "*$%&#)�_�&)(#���#�1��C%(&�=��2+&'��#��#&�#K���./�"2h� 
(chilled) 0�K�./�#�&� (hot water) #-=�C% 2.2 0,�'" #$%&',-��C%"�$&�,/�1#)� 600 gpm �C% 60 ft (38 
L/s �C% 179 kPa) ���2",��3 �'�C.0,�'�1�"1h���� " #$%&',-�!C��#=#K2T�(e"*$%&#K���./� �C%yp%' 25 ft +&'
"M� '�C% (75 kPa) "*$%&�C%SK#)�_�&)(#���#�1��).'1!��C%"*@%!+p.���#K���./� 
 

  
 

#-=�C% 2.2 c�+&'"M�#K�� '�C%S����#()���*)�" #$%&',-� 
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 �C%ST��/�'��"#@%!(��+&'#K�� " #$%&',-� �#SK�/�'���C% 500 gpm 0�K 50 ft +&'"M� 
(32 L/s �C% 150 kPa) (�!�C%�` ��! ���2 (Affinity Law)  �#SK1�#&)(#���#�1� 600/500, 
",��c��d-�2e���'��*)�"�@!"����)� 10 in (254 mm) �/�!�yp%'",��c��d-�2e���'��*)��1!� c��)*Ne
"����)� 8.33 in (212 mm) yp%'SK�!����c�c�@( 500 gpm �C% 50 ft (32 L/s �C% 150 kPa) O�21�)'
",��c��d-�2e���'��*)��1!�SKc�@( 500 gpm �C%"M� 42 ft "����).� (32 L/s �C% 136 kPa) �@NC�C%
"1!�K,!+&'��#1�+�����*)� 3�2,!��#�` ��! ���2 (Affinity Law Equation)  $& 
 
 
 

"!$%& 
 Q1 0�K H1  $& &)(#���#�1�0�K"M� �C%�#��S��",��3 �'" #$%&',-� 
 Q2 0�K H2  $&  ���C%(�&'��# 500 gpm �C%"M� 50 ft  
 

,!��#�C.0���+"M��C%0(�(��'2���/���� S��#K�)%'&)(#���#�1�0�K"M� \-�,#��'�C%
(/�01��'��",��3 �'" #$%&',-� ���#]C�C. !C"'$%&��+ $& 561 gpm �C%"M� 63 ft (35 L/s �C% 188 kPa) 
",��c��d-�2e���'��*)��C%\-�(�&'"=>��)'�C. 500/561*10 "����)� 8.91 in (226 mm) (#�S,&���#
 /���] ",��c��d-�2e���'��*)��C. SKc�@( 500 gpm �C%"M� 50 ft (32 L/s �C% 150 kPa) " #$%&',-�!C
 ��!"#h�#&� '�C% SK�/�'���C%=#K,@�N@O�* 75% 
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