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Figure 1. Schematic of a basic micro hydro system 
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Table 1. Turbine Efficiencies 
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� � ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� ����

������� 0.04 0.09 0.13 0.18 0.22 0.26 0.31 0.35 0.40 0.44 0.49 0.53 
������ 0.09 0.18 0.26 0.35 0.44 0.53 0.62 0.71 0.79 0.88 0.97 1.06 
������ 0.18 0.35 0.53 0.71 0.88 1.06 1.24 1.41 1.59 1.77 1.94 2.12 
������ 0.26 0.53 0.79 1.06 1.32 1.59 1.85 2.12 2.38 2.65 2.91 3.18 
������ 0.35 0.71 1.06 1.41 1.77 2.12 2.47 2.83 3.18 3.53 3.88 4.24 
������ 0.53 1.06 1.59 2.12 2.65 3.18 3.71 4.24 4.77 5.30 5.83 6.36 
������ 0.71 1.41 2.12 2.83 3.53 4.24 4.94 5.65 6.36 7.06 7.77 8.48 
������ 0.88 1.77 2.65 3.53 4.41 5.30 6.18 7.06 7.95 8.83 9.71 10.59 
������ 1.06 2.12 3.18 4.24 5.30 6.36 7.42 8.48 9.54 10.59 11.65 12.71 
������ 1.24 2.47 3.71 4.94 6.18 7.42 8.65 9.89 11.12 12.36 13.60 ����� �
������ 1.41 2.83 4.24 5.65 7.06 8.48 9.89 11.30 12.71 14.13 15.54 16.95 
������ 1.59 3.18 4.77 6.36 7.95 9.54 11.12 12.71 14.30 15.89 17.48 19.07 
������ 1.77 3.53 5.30 7.06 8.83 10.59 12.36 14.13 15.89 17.66 19.42 21.19 
������ 2.21 4.41 6.62 8.83 11.04 13.24 15.45 17.66 19.87 22.07 24.28 26.49 
������ 2.65 5.30 7.95 10.59 13.24 ����� � 18.54 21.19 23.84 26.49 29.14 31.78 
������ 3.09 6.18 9.27 12.36 15.45 18.54 21.63 24.72 27.81 30.90 33.99 37.08 
������ 3.53 7.06 10.59 14.13 17.66 21.19 24.72 28.25 31.78 35.32 38.85 42.38 
������ 3.97 7.95 11.92 15.89 19.87 23.84 27.81 31.78 35.76 39.73 43.70 47.68 
������ 4.41 8.83 13.24 17.66 22.07 26.49 30.90 35.32 39.73 44.15 48.56 52.97 
������ 6.62 13.24 19.87 26.49 33.11 39.73 46.35 52.97 59.60 66.22 72.84 79.46 
������ 8.83 17.66 26.49 35.32 44.15 52.97 61.80 70.63 79.46 88.29 97.12 105.95 

             
 *Pelton wheel requires net head greater than 60 m        
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������ ���� � 	��� � ���� � ���� � ���� � ���� � ���
 � ���
 � ����� � ����� � ����� � ����� �
������ ���� � 	��� � ���� � ���
 � 
��� � ���� � ���
 � ����	 � �	�	� � ���

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

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

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

�



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

�	
�������

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

������� 0.04 0.08 0.13 0.17 0.21 0.25 0.29 0.33 0.38 0.42 0.46 0.50 
������ 0.08 0.17 0.25 0.33 0.42 0.50 0.58 0.67 0.75 0.83 0.92 1.00 
������ 0.17 0.33 0.50 0.67 0.83 1.00 1.17 1.33 1.50 1.67 1.83 2.00 
������ 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 
������ 0.33 0.67 1.00 1.33 1.67 2.00 2.33 2.67 3.00 3.34 3.67 4.00 
������ 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 
������ 0.67 1.33 2.00 2.67 3.34 4.00 4.67 5.34 6.00 6.67 7.34 8.00 
������ 0.83 1.67 2.50 3.34 4.17 5.00 5.84 6.67 7.50 8.34 9.17 10.01 
������ 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.01 10.01 11.01 12.01 
������ 1.17 2.33 3.50 4.67 5.84 7.00 8.17 9.34 10.51 11.67 12.84 14.01 
������ 1.33 2.67 4.00 5.34 6.67 8.00 9.34 10.67 12.01 13.34 14.68 16.01 
������ 1.50 3.00 4.50 6.00 7.50 9.01 10.51 12.01 13.51 ����� � 16.51 18.01 
������ 1.67 3.34 5.00 6.67 8.34 10.01 11.67 13.34 15.01 16.68 18.34 20.01 
������ 2.08 4.17 6.25 8.34 10.42 12.51 14.59 16.68 18.76 20.85 22.93 25.02 
������ 2.50 5.00 7.50 10.01 12.51 15.01 17.51 20.01 22.51 25.02 27.52 30.02 
������ 2.92 5.84 8.76 11.67 ����� � 17.51 20.43 23.35 26.27 29.18 32.10 35.02 
������ 3.34 6.67 10.01 13.34 16.68 20.01 23.35 26.68 30.02 33.35 36.69 40.02 
������ 3.75 7.50 11.26 15.01 18.76 22.51 26.27 30.02 33.77 37.52 41.28 45.03 
������ 4.17 8.34 12.51 16.68 20.85 25.02 29.18 33.35 37.52 41.69 45.86 50.03 
������ 5.00 10.01 15.01 20.01 25.02 30.02 35.02 40.02 45.03 50.03 55.03 60.04 
������ 5.84 11.67 17.51 23.35 29.18 35.02 40.86 46.70 52.53 58.37 64.21 70.04 
������ 6.25 12.51 18.76 25.02 31.27 37.52 43.78 50.03 56.28 62.54 68.79 75.05 
������ 8.34 16.68 25.02 33.35 41.69 50.03 58.37 66.71 75.05 83.39 91.72 100.06 

             
 *Turgo turbine requires head greater than 50 m        

�



������ 5. Estimated Power Output (kW) from a Francis Turbine 
  ���������

�	
�������

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

������� 0.04 0.09 0.13 0.18 0.22 0.26 0.31 0.35 0.40 0.44 0.49 0.53 
������ 0.09 0.18 0.26 0.35 0.44 0.53 0.62 0.71 0.79 0.88 0.97 1.06 
������ 0.18 0.35 0.53 0.71 0.88 1.06 1.24 1.41 1.59 1.77 1.94 2.12 
������ 0.26 0.53 0.79 1.06 1.32 1.59 1.85 2.12 2.38 2.65 2.91 3.18 
������ 0.35 0.71 1.06 1.41 1.77 2.12 2.47 2.83 3.18 3.53 3.88 4.24 
������ 0.53 1.06 1.59 2.12 2.65 3.18 3.71 4.24 4.77 5.30 5.83 6.36 
������ 0.71 1.41 2.12 2.83 3.53 4.24 4.94 5.65 6.36 7.06 7.77 8.48 
������ 0.88 1.77 2.65 3.53 4.41 5.30 6.18 7.06 7.95 8.83 9.71 10.59 
������ 1.06 2.12 3.18 4.24 5.30 6.36 7.42 8.48 9.54 10.59 11.65 12.71 
������ 1.24 2.47 3.71 4.94 6.18 7.42 8.65 9.89 11.12 12.36 13.60 14.83 
������ 1.41 2.83 4.24 5.65 7.06 8.48 9.89 11.30 12.71 14.13 15.54 16.95 
������ 1.59 3.18 4.77 6.36 7.95 9.54 11.12 12.71 14.30 15.89 17.48 19.07 
������ 1.77 3.53 5.30 7.06 8.83 10.59 12.36 14.13 15.89 17.66 19.42 21.19 
������ 2.21 4.41 6.62 8.83 11.04 13.24 15.45 17.66 19.87 22.07 24.28 26.49 
������ 2.65 5.30 7.95 10.59 13.24 15.89 18.54 21.19 23.84 26.49 29.14 31.78 
������ 3.09 6.18 9.27 12.36 15.45 18.54 21.63 24.72 27.81 30.90 33.99 37.08 
������ 3.53 7.06 10.59 14.13 17.66 21.19 24.72 28.25 31.78 35.32 38.85 42.38 
������ 3.97 7.95 11.92 15.89 19.87 23.84 27.81 31.78 35.76 39.73 43.70 47.68 
������ 4.41 8.83 13.24 17.66 22.07 26.49 30.90 35.32 39.73 44.15 48.56 52.97 
������ 6.62 13.24 19.87 26.49 33.11 39.73 46.35 52.97 59.60 66.22 72.84 79.46 
������ 8.83 17.66 26.49 35.32 44.15 52.97 61.80 70.63 79.46 88.29 97.12 105.95 

             

 
*��������������������������������������������������� ��� 5 m^3/��"#�#�"$��$�����$��%�"������&"�
�"����'�� � � �

�



Table 6. Estimated Power Output (kW) from a Kaplan Turbine 
  ���������

�	
�������

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

������� 0.04 0.09 0.13 0.18 0.22 0.26 0.31 0.35 0.40 0.44 0.49 0.53 
������ 0.09 0.18 0.26 0.35 0.44 0.53 0.62 0.71 0.79 0.88 0.97 1.06 
������ 0.18 0.35 0.53 0.71 0.88 1.06 1.24 1.41 1.59 1.77 1.94 2.12 
������ 0.26 0.53 0.79 1.06 1.32 1.59 1.85 2.12 2.38 2.65 2.91 3.18 
������ 0.35 0.71 1.06 1.41 1.77 2.12 2.47 2.83 3.18 3.53 3.88 4.24 
������ 0.53 1.06 1.59 2.12 2.65 3.18 3.71 4.24 4.77 5.30 5.83 6.36 
������ 0.71 1.41 2.12 2.83 3.53 4.24 4.94 5.65 6.36 7.06 7.77 8.48 
������ 0.88 1.77 2.65 3.53 4.41 5.30 6.18 7.06 7.95 8.83 9.71 10.59 
������ 1.06 2.12 3.18 4.24 5.30 6.36 7.42 8.48 9.54 10.59 11.65 12.71 
������ 1.24 2.47 3.71 4.94 6.18 7.42 8.65 9.89 11.12 12.36 13.60 14.83 
������ 1.41 2.83 4.24 5.65 7.06 8.48 9.89 11.30 12.71 14.13 15.54 16.95 
������ 1.59 3.18 4.77 6.36 7.95 9.54 11.12 12.71 14.30 15.89 17.48 19.07 
������ 1.77 3.53 5.30 7.06 8.83 10.59 12.36 14.13 15.89 17.66 19.42 21.19 
������ 2.21 4.41 6.62 8.83 11.04 13.24 15.45 17.66 19.87 22.07 24.28 26.49 
������ 2.65 5.30 7.95 10.59 13.24 15.89 18.54 21.19 23.84 26.49 29.14 31.78 
������ 3.09 6.18 9.27 12.36 15.45 18.54 21.63 24.72 27.81 30.90 33.99 37.08 
������ 3.53 7.06 10.59 14.13 17.66 21.19 24.72 28.25 31.78 35.32 38.85 42.38 
������ 3.97 7.95 11.92 15.89 19.87 23.84 27.81 31.78 35.76 39.73 43.70 47.68 
������ 4.41 8.83 13.24 17.66 22.07 26.49 30.90 35.32 39.73 44.15 48.56 52.97 
������ 6.62 13.24 19.87 26.49 33.11 39.73 46.35 52.97 59.60 66.22 72.84 79.46 
������ 8.83 17.66 26.49 35.32 44.15 52.97 61.80 70.63 79.46 88.29 97.12 105.95 

             
 *������������������������������������������������ � � � � � � �

�
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	 � %�hi = 153.7 m�
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 � %�hi = 67.6 m �
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	 � %�hi = 160.0 m�
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 � %�hi = 105.3 m �
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The following data describes a situation in which 15.89 kW of power is produced 
by the Pelton wheel. The net head (Hn) is 60 [m], the flow rate (Q) is 0.03 
[m3/s], the equivalent length (Leq) is 185 [m], and the friction factor (
�, 
assuming a smooth pipe, is 0.002.
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a. Find the gross head needed using a 50 mm diameter penstock.

b. Find the gross head needed using a 110 mm diameter penstock with a   
50mm diameter nozzle (0.1 m in length) at the end of the penstock.

c.   Which diameter seems to be the best choice for the system?
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To find the velocity through the penstock:
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Starting with the mechanical energy balance in Bernoulli equation form:
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We can make the following simplifications:

- Pressure at both ends is atmospheric

- Initial velocity equals final velocity (conservation of mass)

- Hf is equal to zero
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With these simplifications, the equation takes the form:

The head loss due to friction can be found by:
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With these simplifications, the equation takes the form:
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Plugging in the values:

60
2*05.0

28.15*185*002.0 2
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To find the initial velocity through the penstock (before the nozzle):
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To find the final velocity exiting the nozzle:
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We can make the following simplifications:
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Starting with the mechanical energy balance in Bernoulli equation form:
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- Pressure at both ends is atmospheric

- Hf is equal to zero

- Must account for frictional head losses through both the 
penstock and the nozzle

Plugging in the values:
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With these simplifications, the equation takes the form:
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60
2*05.0

28.15*10.0*002.0
2*11.0

157.3*185*002.0
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With these simplifications, the equation takes the form:
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The diameter/nozzle combination in part ‘b’ is probably a better 
choice for the system. There are much fewer losses due to 
friction with the larger penstock, since the velocity is not as fast. 
However, the same final velocity is attained with both systems 
due to the nozzle at the end of the larger penstock.


