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����� 4 

 
��	
��
������ 

 
�������	
���
��
��������������
����	�������������������� ��!
�����
�

"���� #�"$ �
!
�!%��

�� 
����	��������� (pump affinity laws) 4�5� 3 $7� ���#
!
���#8
���4
��9�:;
�:�< (mathematical model) ���
!���
!
�!%��

�� 
����	��������� 
4�5� 3 $7� 	�����	4�����
!
�"$ �����
�!����!
�4����#��� ���"$ � �
��!
�4����	���������
���������� #
!;���<BC!���
�D���:�!
���7��!E<�����
� (Mini Plant) :�5�����4���
�
���7��!E<
�����
�	H��
���	!���:� :8
������� 
 �8
	I��������� #�������47
�
�� �
���	��������"�
I
����! � ���
��
�!
���!
�4��������"�:
�
�4�� 4.1 ��� :
�
�4�� 4.2 
 

:
�
�4�� 4.1 ��!
�4����!
�48
�
����	��������� 	� ���
;���<!�
� 159 
����	
:� 

��

	�P���� 2945 ���:���
4� 

Paddle Suction Discharge Head Electric Efficiency Number of 

Flow Pressure Pressure Pump Power  Revolution 

Q Ps Pd H P η n 

(m3/h) (kPa) (kPa) (m) (kW) (%) (rpm) 

0.00 2.55 370 37.457 2.260 0.000 2988 

10.40 2.10 360 36.483 2.970 34.813 2978 

20.30 0.41 337 34.311 3.810 49.816 2961 

32.20 -2.86 283 29.140 4.770 53.603 2933 

39.50 -5.44 229 23.898 5.370 47.902 2911 
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:
�
�4�� 4.2 ��!
�4����!
�48
�
����	��������� 	� ���
;���<!�
� 153 
����	
:� 

��

	�P���� 2945 ���:���
4� 

Paddle Suction Discharge Head Electric Efficiency Number of 

Flow Pressure Pressure Pump Power  Revolution 

Q Ps Pd H P η n 

(m3/h) (kPa) (kPa) (m) (kW) (%) (rpm) 

0.00 3.42 348 35.125 2.050 0.000 3024 

10.30 2.40 339 34.312 2.690 35.801 3008 

20.60 1.00 319 32.416 3.430 53.052 2987 

31.80 -1.63 271 27.791 4.260 56.531 2975 

38.90 -4.44 231 24.000 4.710 54.014 2963 

 
 �8
������
	f����	���������"��g�:�5�4�� 4 �
h� #
!��:�
������

���4��4
���!
���4
�	� 
"�4����5���� �
��"��g�:�5�4�� 3 ����g�:�5�4�� 2 :

�8
���
������	�i�	
:� :�����
�	$�� 

:
�
�4�� 4.1 	���������48
�
�4��#7� Q = 0 m3/h 	f����	���������h� #
! (Pd-Ps)/γ = (370-
2.55)/9.81 = 37.457 m ����8
������
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:



�
!
� (10) 	$�� 	���������48
�
�4��#7� Q = 10.40 m3/h ��
�����4��I
� η = QHγ/P = 
(10.40*36.483*9.81*100) / (2.970*3600) = 34.813 	�i�: � ������!
��8
��9"��g�:�5�4�� 6 
 !
��8
��9�
��
#
!�
!
�!%��

�� 
����	��������� (pump affinity laws) 
���!
��8
��9#
!���#8
���4
��9�:;
�:�< (mathematical model) � ��!
�����
�"���� 
: ��48
"� ��

	�P������4�� �����5�#l�: ��
�!
�������
 "�:
�
�4�� 4.1 ���:
�
�4�� 4.2 ���!
�
48
"� ��

	�P����:��!���79��!E9����	���������4�� 2945 rpm ml��������!
�������
"�:
�
�
4�� 4.3 ���:
�
�4�� 4.4 
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:
�
�4�� 4.3 ��!
�������
��

	�P����"� ��4�����	��������� 4��	� ���
;���<!�
� 159 
����	
:� 

Paddle Suction Discharge Head Electric Efficiency 

Flow Pressure Pressure Pump Power  
Q Ps Pd H P η 

(m3/h) (kPa) (kPa) (m) (kW) (%) 

0.000 2.513 364.675 36.918 2.227 0.000 

10.285 2.077 356.011 36.079 2.937 34.427 

20.190 0.408 335.179 34.126 3.789 49.547 

32.332 -2.872 284.158 29.259 4.790 53.822 

39.961 -5.504 231.675 24.177 5.433 48.461 

 
 "�!
�������
��

	�P����"� 	4�
!�� 2945 rpm 
�����!
���� �8
��
��

	�P����4��h� 
�
�� ����

	�P���� 2945 rpm �8
��
4���8
��9h� h��
���
47!:��"��g�����g���5�4�5��
� 
	$�� :
�
�4�� 4.1 �g�4�� 1 ��

	�P����	4�
!�� 2988 rpm �
�� ����

	�P���� 2945 rpm 
	4�
!�� 1.0146 �8
��
��5h��
���
47!:��"��g�4�� 1 4�5��
� #�h� �8
:�� ����g����g��h�!P"$ 
���!!
�	����!�� 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

20 

:
�
�4�� 4.4 ��!
�������
��

	�P����"� ��4�����	��������� 4��	� ���
;���<!�
� 153 
����	
:� 

Paddle Suction Discharge Head Electric Efficiency 

Flow Pressure Pressure Pump Power  
Q Ps Pd H P η 

(m3/h) (kPa) (kPa) (m) (kW) (%) 

0.000 3.331 338.909 34.208 1.996 0.000 

10.084 2.350 331.900 33.593 2.634 35.051 

20.310 0.986 314.515 31.960 3.382 52.306 

31.479 -1.614 268.267 27.511 4.217 55.961 

38.664 -4.413 229.597 23.854 4.681 53.686 
 

g 
�8
	���������4��4������5h�"$ !������4��4��
��
!
�	f���
�������4�� (Total System 
Head) #8
��� 5 �
!
� ���:��h���5 
  

(1) 
 

(2) 
 

(3) 
 

(4) 
 

(5) 
 

�����5�#
!� �
��"�:
�
�4�� 4.3 ��� :
�
�4�� 4.4 ����
!
�	f���
�������4��(Total System 
Head) �


�g�
#7�48
�
�4���4 #������	���������h� � ��!
��8
��
 Q H P ���:
�
�4�� 4.3 ��� 
:
�
�4�� 4.4 �8


 plot graph ���
!���
!
�	f���
�������4�� 4���4���
 Q :�5��:� 0 o 40 
m3/h �8


	����	� ��� ����
!�� #7�:��!�����	� ��� �	f����	������������	� ��� �	f���
���
����4�� ���#7�48
�
����	��������� �������"����4�� 4.1 o 4.5 ���"�:
�
�4�� 4.5 o 4.9  

2
015.05 QH sys +=

2
015.010 QH sys +=

2
015.015 QH sys +=

2
015.020 QH sys +=

2
015.025 QH sys +=
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10

P

　(kW)

Dia 159 mm.

Hsys = 5 + 0.015Q
2

Dia 153 mm.

 
 

 ���4�� 4.1 !
��
#7�48
�
����	��������� 4�� 
 

:
�
�4�� 4.5 #7�48
�
����	��������� 4��  
 

Diameter Q H P η 

(mm.) (m3/h) (m) (kW) (%) 

159 37.300 26.150 5.225 50.870 

153 35.820 25.640 4.500 55.616 
 

��
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:

�
!
� (10) 
 

2
015.05 QH sys +=

2
015.05 QH sys +=
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0
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0 5 10 15 20 25 30 35 40 45 50

Q1, Q2  (m
3
/h)

Ｈ   (m) 

0

1

2

3

4

5

6

7

8

9

10

P

　(kW)

Dia 159 mm.

Hsys = 10 + 0.015Q
2

Dia 153 mm.

 
 

 ���4�� 4.2 !
��
#7�48
�
����	��������� 4��  
 

:
�
�4�� 4.6 #7�48
�
����	��������� 4��  
 

Diameter Q H P η 

(mm.) (m3/h) (m) (kW) (%) 

159 34.365 27.875 4.950 52.734 

153 33.275 26.750 4.325 56.082 
 

��
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:

�
!
� (10) 
 

2
015.010 QH sys +=

2
015.010 QH sys +=
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0

5
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15
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0 5 10 15 20 25 30 35 40 45 50

Q1, Q2  (m
3
/h)

Ｈ   (m) 

0

1

2

3

4

5

6

7

8

9

10

P

　(kW)

Dia 159 mm.

Hsys = 15 + 0.015Q
2

Dia 153 mm.

 
 

 ���4�� 4.3 !
��
#7�48
�
����	��������� 4�� 
 

:
�
�4�� 4.7 #7�48
�
����	��������� 4�� 
 

Diameter Q H P η 

(mm.) (m3/h) (m) (kW) (%) 

159 31.000 29.625 4.663 53.669 

153 29.800 28.313 4.050 56.769 
 

��
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:

�
!
� (10) 
 

2
015.015 QH sys +=

2
015.015 QH sys +=
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0
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Q1, Q2  (m
3
/h)

Ｈ   (m) 

0

1

2

3

4

5

6

7

8

9

10

P

　(kW)

Dia 159 mm.

Hsys = 20 + 0.015Q
2

Dia 153 mm.

 
 

 ���4�� 4.4 !
��
#7�48
�
����	��������� 4�� 
 
:
�
�4�� 4.8 #7�48
�
����	��������� 4�� 
 

Diameter Q H P η 

(mm.) (m3/h) (m) (kW) (%) 

159 27.545 31.375 4.363 53.977 

153 25.727 30.000 3.763 55.891 
 

��
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:

�
!
� (10) 
 

2
015.020 QH sys +=

2
015.020 QH sys +=



 

 

25 

0
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0 5 10 15 20 25 30 35 40 45 50

Q1, Q2  (m
3
/h)

Ｈ   (m) 

0

1

2

3

4

5

6

7

8

9

10

P

　(kW)

Dia 159 mm.

Hsys = 25 + 0.015Q
2

Dia 153 mm.

 
 

 ���4�� 4.5 !
��
#7�48
�
����	��������� 4�� 
 
:
�
�4�� 4.9 #7�48
�
����	��������� 4�� 
 

Diameter Q H P η 

(mm.) (m3/h) (m) (kW) (%) 

159 23.100 33.125 4.000 52.128 

153 21.000 31.625 3.425 52.839 
 

��
�����4��I
� (Efficiency) h� #
!!
��8
��9��
:

�
!
� (10) 
 
 

2
015.025 QH sys +=

2
015.025 QH sys +=
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
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
=
′

D

D

P

P





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


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′

1

2

D

D

Q

Q

�
�����������������
��������
����
�	
������
���� 

	
���	�
4�
���
#7�48
�
����	��������� ���4�5� 5 $7��� � :��h�#�	�i�!
��8
��9� ���
!
�  
!%��

�� 
����	��������� (Pump Affinity Laws) 4�5� 3 $7� 
��
!
� ���:
�
�4�� 4.10 
 

:
�
�4�� 4.10 �
!
�!%��

�� 
����	��������� (Pump Affinity Laws)  
 

Set FLOWRATE HEAD POWER 

Affinity 1 
   

Affinity 2 
   

Affinity 3 
   

 
��!
�	�����	4��������
���
#���4��h� #
!!
�4���������
4��h� #
!!
��8
��9� ���
!
�   
!%��

�� 
����	���������4�5� 3 $7� ����"�:
�
�4�� 4.11 o 4.15 ����g�4�� 1 o 2 	�i���
#���4��
h� #
!!
�4�������
!������4��4��
��
!
�	f���
�������4�� (Total System Head) #8
��� 
5 �
!
� ���"��g�4�� 3 o 5 	�i���
4���8
��9#
!�
!
�!%��

�� 
����	��������� �����

�����4��I
�"��g�:�5�4�� 4 �8
��9#
!�
!
�4�� (10) 
 

:
�
�4�� 4.11 ��!
��8
��9#
!�
!
�!%��

�� 
� 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 37.300 26.150 50.870 5.225 - 

153 (Actual) 35.820 25.640 55.616 4.500 0 

153 (Affinity 1) 35.820 24.116 50.870 4.627 2.831 

153 (Affinity 2) 35.820 25.454 50.870 4.884 8.535 

153 (Affinity 3) 35.820 25.112 50.870 4.819 7.080 

3

1

2









=
′

D

D

Q

Q

2

1

2









=

′

D

D

Q

Q

2
015.05 QH sys +=
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:
�
�4�� 4.12 ��!
��8
��9#
!�
!
�!%��

�� 
� 4��  
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 34.365 27.875 52.734 4.950 - 

153 (Actual) 33.275 26.750 56.082 4.325 0 

153 (Affinity 1) 33.275 26.135 52.734 4.494 3.902 

153 (Affinity 2) 33.275 27.282 52.734 4.691 8.465 

153 (Affinity 3) 33.275 26.991 52.734 4.641 7.306 

 
:
�
�4�� 4.13 ��!
��8
��9#
!�
!
�!%��

�� 
� 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 31.000 29.625 53.669 4.663 - 

153 (Actual) 29.800 28.313 56.769 4.050 0 

153 (Affinity 1) 29.800 27.376 53.669 4.142 2.276 

153 (Affinity 2) 29.800 28.855 53.669 4.366 7.804 

153 (Affinity 3) 29.800 28.478 53.669 4.309 6.395 

 
:
�
�4�� 4.14 ��!
��8
��9#
!�
!
�!%��

�� 
� 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 27.545 31.375 53.977 4.363 - 

153 (Actual) 25.727 30.000 55.891 3.763 0 

153 (Affinity 1) 25.727 27.370 53.977 3.555 -5.531 

153 (Affinity 2) 25.727 29.979 53.977 3.894 3.473 

153 (Affinity 3) 25.727 29.304 53.977 3.806 1.145 

2
015.010 QH sys +=

2
015.015 QH sys +=

2
015.020 QH sys +=
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cbQaQH ++= 2

oHc =

0=b

:
�
�4�� 4.15 ��!
��8
��9#
!�
!
�!%��

�� 
� 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 23.100 33.125 52.128 4.000 - 

153 (Actual) 21.000 31.625 52.839 3.425 0 

153 (Affinity 1) 21.000 27.376 52.128 3.005 -12.255 

153 (Affinity 2) 21.000 31.086 52.128 3.412 -0.365 

153 (Affinity 3) 21.000 30.114 52.128 3.306 -3.481 
 

 
#
!��5��8
��9�
#7�48
�
����"$ ���#8
���4
��9�:;
�:�<4���� 
��l5�#
!�
!
�!%��


�� 
�4�5� 3 $7� �
�
!
����#8
������	���������#
!� �
����!
�4����"�:
�
�4�� 4.3 
���
!��!���
!
� (11) (12) (13) ��� (16) h� �
!
������5 
   HO = 36.918 m 
   QO = 0.00 m

3/h 
   Hm = 24.177 m 
   Qm = 39.961 m

3/h 

   ηmax = 53.822 % 
   QP = 32.332 m

3/h 
 
#
!�
!
� (16) 
 
 #�h�               
 
#
!�
!
� (11) 
 
#
!�
!
� (12) 
 
#
!�
!
� (13) 

2

m

om

Q

HH
a

−
=

2
015.025 QH sys +=

007978.0−=a
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hQgQfQ ++=η 23

#�h�    H = -0.007978Q2+ 36.918 
 

�


�g�
 Qmax h� ����4� H = 0 #�h�  
   Qmax = 68.026 m

3/h 
 

�
�
!
������4��I
������5 
 
�
!
� (21)  
 
 

�
!
� (22)  
 
 

�
!
� (23)  

 
#�h�        

   
    
 

�8
��
 f, g, h 4��h� �4���
"��
!
� (17)  
 

�
!
� (17)  
 

#�h� �
!
������4��I
���� 
 

     η = 0.0001358Q3-0.060272Q2+3.471358Q 
 

 

-�.�/

�0�
�
�12� Q = 37.300 m3/h �
�
��6��7
�
. Hsys = 5 + 0.015 Q2 
 
 

#�h�   H = 25.818 m   -�:   η = 52.673 % 
 

 

( )
( )2

max

maxmaxmax
32

pp

P

QQQ

QQQ
h

−

−
=
η

( )
( )2

max

2

2

max

2

max
3

pp

p

QQQ

QQ
g

−

−
=
η

( )
( )2

max

2

maxmax
2

pp

p

QQQ

QQ
f

−

−
=
η

0001358.0=f

060272.0−=g

471358.3=h
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:��h�	�i�!
��
�
!
�	f����	��������� 4��	� ���
;���<!�
� D2 � ���
!
� (24) - (26) 4����:�

!
�h�� Q = 35.820 m3/h �
�
��6��7
�
. Hsys = 5 + 0.015 Q2 
 
�
!
� (24) 
 
 h�      H' = 23.948 m 
 
�
!
� (25)  
 
h�    H' = 22.245 m 
 
�
!
� (26) 
 
 h�    H' = 23.129 m 
 

�
�
!
������4��I
����	��������� 4��	� ���
;���<!�
� D2 � ���
!
� (27) - (29) 4����:�
!
�
h�� Q = 35.820 m3/h 
�
!
� (27) 
  

h�    η' = 52.707 % 
 
�
!
� (28)  
 

h�    η' = 50.968 % 
 
�
!
� (29)  
 

h�    η' = 51.953 % 
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�
��
!8
����
� (Power) #
!�
!
� (10) �4���
��4���8
��9h� "�:
�
�4�� 4.16 	��P#�� �48

��5�:�����!��
���! 4 �
!
� �4���
��!
��8
��9"�:
�
�4�� 4.17- 4.20 
 
:
�
�4�� 4.16  ��!
��8
��9#
!���#8
���4
��9�:;
�:�< 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 37.300 26.150 50.870 5.225 - 

153 (Actual) 35.820 25.640 55.616 4.500 0 

159 (Model) 37.300 25.818 52.673 4.982 -4.649 

153 (Model 1) 35.820 23.948 52.707 4.435 -1.446 

153 (Model 2) 35.820 22.245 50.968 4.260 -5.328 

153 (Model 3) 35.820 23.129 51.953 4.346 -3.432 

 
 
:
�
�4�� 4.17  ��!
��8
��9#
!���#8
���4
��9�:;
�:�< 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 34.365 27.875 52.734 4.950 - 

153 (Actual) 33.275 26.750 56.082 4.325 0 

159 (Model) 34.365 27.496 53.626 4.802 -2.999 

153 (Model 1) 33.275 25.351 53.583 4.290 -0.811 

153 (Model 2) 33.275 23.882 52.652 4.113 -4.908 

153 (Model 3) 33.275 24.644 53.214 4.199 -2.906 

 
 
 

2
015.05 QH sys +=

2
015.010 QH sys +=
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:
�
�4�� 4.18  ��!
��8
��9#
!���#8
���4
��9�:;
�:�< 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 31.000 29.625 53.669 4.663 - 

153 (Actual) 29.800 28.313 56.769 4.050 0 

159 (Model) 31.000 29.251 53.736 4.598 -1.386 

153 (Model 1) 29.800 27.100 53.732 4.096 1.124 

153 (Model 2) 29.800 25.921 53.762 3.915 -3.326 

153 (Model 3) 29.800 26.533 53.819 4.003 -1.150 

 
 
:
�
�4�� 4.19  ��!
��8
��9#
!���#8
���4
��9�:;
�:�< 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 27.545 31.375 53.977 4.363 - 

153 (Actual) 25.727 30.000 55.891 3.763 0 

159 (Model) 27.545 30.865 52.727 4.394 0.707 

153 (Model 1) 25.727 28.904 52.322 3.873 2.918 

153 (Model 2) 25.727 28.026 53.252 3.690 -1.951 

153 (Model 3) 25.727 28.482 52.834 3.779 0.432 
 

 
 
 
 
 
 

2
015.015 QH sys +=

2
015.020 QH sys +=
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:
�
�4�� 4.20  ��!
��8
��9#
!���#8
���4
��9�:;
�:�< 4�� 
 

Diameter Q H η P P (Error) 

(mm.) (m3/h) (m) (%) (kW) (%) 

159 (Actual) 23.100 33.125 52.128 4.000 - 

153 (Actual) 21.000 31.625 52.839 3.425 0 

159 (Model) 23.100 32.661 49.701 4.137 3.415 

153 (Model 1) 21.000 30.666 48.463 3.621 5.723 

153 (Model 2) 21.000 30.081 50.113 3.435 0.291 

153 (Model 3) 21.000 30.385 49.311 3.526 2.952 
 

Model 1, Model 2, Model 3 ��� �
!
�!%��

�� 
����	��������� (Pump Affinity Laws)    
$7�4�� 1 �
!
�4�� (1) - (3), $7�4�� 2 �
!
�4�� (4) - (6) ���$7�4�� 3 �
!
�4�� (7) - (9) :

�8
���          
"$ ���
!�����#8
���4
��9�:;
�:�<���	���������  
 

2
015.025 QH sys +=


