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Abstract  
One of the most efficient approaches to managing consumption is to reduce non-revenue water 
and losses in urban and rural water supply systems. The inaccuracy of the meters can have a 
direct impact on the evaluation of  water loss control programs as well as resource conservation 
programs thereby leading to incorrect decisions. In this paper, for numerical simulation of the 
effect of direct pump installation on the performance of domestic water meters, a turbine water 
meter of multi-jet production type is selected. It is assumed that the values of the mechanical 
brake torque on the impeller, such as the bearing friction drag torque, and magnetic magnitude 
is insignificant and can be considered as zero. The input and output flow are fully developed in 
the water meter where K-ω-SST turbulent model is selected and the rotational speed of the 
impeller is collected at different flow rates. Comparing the numerical solution results with the 
manufacturer's practical experiments data, reveals the maximum error of 9.66%. Thus, the 
model can be used to evaluate the effect of direct pump installation on the performance of 
domestic water meters. As a real-world case, the water meter performance when the centrifuge 
pump is directly inserted into the outlet of the water meter is simulated and the results are 
compared with the non-pumped state. The behavior of the water meter when the pump is 
installed at the outlet of the water meter differs from the non-pumped mode in different flow 
rates. This difference is due to the change in the flow profile and the angle of impact of the 
water with the impeller. The results indicate that in high flow rates (more than 536 L/h) with the 
other same conditions, rotational speed of the impeller is less than the non-pumped state with 
the maximum decrease of 17% and thus the meter has a negative error measurement. However, 
in low flow rates (less than 75 L/h) the rotational speed of the impeller is increased almost twice 
more than the non-pumped state causing enlargement in meter's orders of error measurement. 
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Table 1. Technical specifications of simulated water meter 

Value UnitSymbolName
160 -RRatio of permanent to minimum flowrate

5000 Lit/hQ4Overload flowrate
4000Lit/hQ3Permanent flowrate

40Lit/hQ2Transitional flowrate
25Lit/hQ1Minimum flowrate
16barMAPMaximum admissible pressure

∆P≤0.63bar∆PPressure loss
50˚CTWorking temperature
0.5Lit/h-Accuracy

0.75inch-Water meter size
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Fig. 1. Schematic of the simulated water meter 
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Fig. 2. Meshed different zones of the water meter 
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Table 2. Mesh independence analysis of the 

 simulation model 
The difference 
compared to 
the next step 

(%) 

Driving 
torque on 
impeller 

(N.m)

Number of 
mesh Step 

7.350.0006343266021
12.20.000683479692
4.310.00077456748173
1.340.000809413720964

-0.000820430530545

��*K�/���$�� �� �
R 0�5�� �$�89V �D8W� ��
i"���'� ��
1+ ��*+
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Table 3. The difference between the driving torque on 
impeller due to the change in the number of mesh from 

1372096 to 3053054 at different flow rates 
Flow rate 

(L/h) 25 40 70 536 4000 5000 
Difference 

(%) 1.83 1.67 1.53 1.34 1.21 1.13 
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Table 4. Comparison of rotational speed of the water meter impeller through numerical  

calculations with the manufacturer's data 

Error (%) 

100�
f

fn

ω
ωω −

Rotational speed of the 
water meter impeller: 
manufacturer's data 

)s
rad(ωf

Rotational speed of 
the water meter 

impeller: numerical 
method 

)s
rad(ωn

Inlet flow 
rate to 

water meter 
(L/h) 

No 

9.661.4391.3251
9.212.32.512402
8.833.853.51703
8.630.8728.225364

1.34230.266227.17340005
3.24287.883278.5550006

��*KhI=�� �� �� �,8!	 ���$�� W�Z ���� �B��M"�|�� �8�.���� 
Table 5. Calculating the rotational speed of the water 

meter impeller at the flow rate of 40 L/h 
Rotational speed of 

water meter impeller 
)s

rad(ωn

Driving torque on 
impeller (N.m) Step 

2-1
1.391-1.77*10-52
0.293-1.14*10-53
2.182-2.71*10-54
2.505-3.97*10-65
2.674-1.36*10-66
2.98-8.77*10-77

2.528-2.72*10-68
2.461-3.51*10-79
2.4912.84*10-710
2.5017.11*10-811
2.51133.55*10-812
2.51183.23*10-913
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Table 6. Water meter impeller rotational speed comparison in two cases: non-pump mode and 

pump installation on the output water meter mode 

n

p

ω
ω

Rotational speed of the 
impeller in the pump 

installation at the outlet 
mode 

)s
rad(ωp

Rotational speed of 
the impeller in non- 

pump mode 
)s

rad(ωn

Inlet flow rate 
(L/h) No 

2.052.661.3251
1.944.872.512402
1.756.153.51703
0.9928.03628.225364
0.83189.48227.17340005
0.85237.41278.5550006

Fig. 3. Comparison of rotational speed of the impeller in different modes 
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Fig. 4. Contour of velocity magnitude in the flow rate of 
25 L/h 
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Fig. 5. Contour of velocity magnitude in the flow rate of 
4000 L/h 

67�TI=�� �� ���� ���
�� �,8��	yzzz ���� �� �8�. 

P/$%	�) B^)_ 
@L��+ =��C$�W ���� 3�$�$ �� ����9� �����*+ 
��!��" =����%�8"���� �� 
�CG�� ��]	� ��6!�� �� �C,+ �� .��� �
9� P�2�� G,!	�+ =!���,+ m!� 

=!���,+ h,� �� G���� �� =#��W �� 3�%�,8!	"=/��� m��8� 4
!R��
%$S� �"=3���� 
���,+ �,�9	 �D���� $ �� �1!�? ����
�"

����.
��R�� 
���:" �
��"��� ����<� ���� �� ��,��� �� �,���W�,��8!	 
BR��/�� �� �
R 3���%$S� m��� =#��W �� 3�%�,8!	 �� =6� 4

��� �� G,!	�+ �	%$S� 3�% ��BR 4G��#�� �
�9� =���� $ 3���
 .��� 

��O8�� �,8!	 �� 3�$�$ G���C 3��� =�� RR.
BR��3����
 )�,�? =+k��� ��X 3�%�$�89V ��
i" G�,� ��Z�� o�� �� 3�
�

 �� $ ���V���� �%�
����� ����W��	 34=2!����B8�� 
�R ��	 �!��9�� 
4�lW��/�
?���� �� =�!�5e �,8!	����� .
"� 
�� G�,!� �����	 �� ��,5� ��BR����@� 4�� �,�8!	 3�
�� 3���

 ���8�� .����V ���( =���� ��," G� =C$�W �� �5� &�i8<" `��
 �
�R `�� G� =C$�W �� �5� �	 =8.�� �� �,8!	 4�,�� ��� �B�<�

 �� �5� G$
� �.����=)$�:8" 4N'8O" 3�%�,� .G��9� m��8���� 
G��<6� E����R �� �	 %$S�� =��� �� $ ����� 3��% ) k���}��4

�||| $}||| ��� �B�<� ����$�� W��Z ���� 4(���� �� �8�.
 �]	�
� �5� G$
� �.���~%��	 
?�� ���� �,�8!	 ��2�8� �� $

���
��� �� =�:!" 3�lW 4�5� G$
� �.�� �� �B<� 3���V ���� $��� 
�Dl?� &	=" ��	 �,R.=�� �� �"� 3�% ) /�����{}4�|$~}��8�.

 ��� �B�<� ����$�� =9W�Z ���� 4(���� �� 4��5� G$
�� ��.��
 ����� ����� $� >�B��i+ ������ $���
��� 3��lW `��+�+ /��5% 3���V

 ������ 4�5� G$
� �.�� �� �B<� �,8!	 =�" 
���� $��� �Dl�?� 
=" ��	�� .�,R 

�� �� ����" ����
�" )�$��� $ =��� &	 G��M� �� �C,+ ��
 /��� m���8� �� ���:8��� 4�,�9	 =�,�!	  �$ %$S�� P���" E��,+

=" �	�R �� 
��,+ �D��� $ �� 3�%3��� �"���� ����
�" $ 3���
.
��5� =����R �5	 ���" 

T/W%���*D 
G�V
!<�,�4%$S� /�� R ���8�� �D��� $ �� �	���G�3�% &�(

 $G�!5���.�P�2�� -�#!%�5%=$ 3�����,8!	 ����W��	 �� P�k 3�%
 �� ���5����� %$S� /�!\5% $
���$ ="D��� ���� ��#9��� ��

 �� P�k )���6"� �	 G�!5�3��� 4
����� ���8W� �� %$S� /�� P�2�� 
�69+"=.
!!	 



k��  �O��c �#�	 � +2���* h$�R ZIM #�*8 dx.doi.org/10.22093/wwj. 2019.141217.2721 

118

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

References 
AWWA. 2014. Sizing water service lines and meters, (M22), 3rd Ed., American Water Works Association, USA. 
Arregui, F., Cabrera, E., Cobacho, R. & García-Serra, J. 2005. Key factors affecting water meter accuracy. Proc. 

of IWA Special Conf. Leakage 2005, Halifax, Nova Scotia, Canada. 
Cheesewright, R. & Clark, C. 1997. Step response tests on turbine flowmeters in liquid flows. Proceedings of the 

Institution of Mechanical Engineers, Part A: Journal of Power and Energy, 211, 321-330. 
Chen, G., Wu, Y., Cao, G., Li, M. & Fu, S. 2008. Prediction on meter factor of the turbine flowmeter with 

unsteady numerical simulation. ASME Fluids Engineering Division Summer Meeting collocated with the 
Heat Transfer, Energy Sustainability, and 3rd Energy Nanotechnology Conferences, American Society of 
Mechanical Engineers, Florida, USA. 875-882. 

Guo, S., Sun, L., Zhang, T., Yang, W. & Yang, Z. 2013. Analysis of viscosity effect on turbine flowmeter 
performance based on experiments and CFD simulations. Flow Measurement and Instrumentation, 34, 42-
52. 

Hirsch, C. 2007. Numerical computation of internal and external flows: the fundamentals of computational fluid 
dynamics, Butterworth-Heinemann, Elsevier, USA. 

Huang, Y. Z., Sun, Y. T., Zhang, B. S., Chen, G. & Zhu, B. L. 2015. Calculating the torques and meter factor of 
turbine flow meter with numerical simulation. Applied Mechanics and Materials, 713, 164-168. 

Iranian Plan and Budget Organization. 2013. A guide to recognizing and investigating effective factors of water 
loss and its reduction strategies, Iranian Plan and Budget Organization Report 556, Tehran, Iran. (In Persian) 

Karassik, I. J., Messina, J. P., Cooper, P. & Heald, C. C. 2001. Pump handbook, McGraw-Hill, New York, USA. 
Kargarsharifabad, H., Nazarzadeh, M., Motahari, A. & Farmanientezam, H. 2016. Experimental investigation of 

direct pump instalition on water meter performance. First International Conference on Water, Environment 
and Sustainable Development. University of Mohaghegh Ardabili, Ardabil, Iran. (In Persian) 

Lee, B., Cheesewright, R. & Clark, C. 2004. The dynamic response of small turbine flowmeters in liquid flows. 
Flow Measurement and Instrumentation, 15, 239-248. 

Lee, W. & Evans, H. 1965. Density effect and reynolds number effect on gas turbine flowmeters. Journal of 
Basic Engineering, 87, 1043-1051. 

Miller, R. W. 1983. Flow measurement engineering handbook. 3rd Ed., McGraw-Hill Education, New York, 
USA. 

Pope, S. B. 2000. Turbulent flows, Cambridge University Press, UK. 
Saboohi, Z., Sorkhkhah, S. & Shakeri, H. 2015. Developing a model for prediction of helical turbine flowmeter 

performance using CFD. Flow Measurement and Instrumentation, 42, 47-57. 
Sama Rahdan Consulting Engineers. 2008. Management guide apparent loss, Tehran, Iran. (In Persian) 
Stoltenkamp, P. W. 2007. Dynamics of turbine flow meters. Technische Universiteit Eindhoven. DOI: 

10.6100/IR621983. 
Sun, L., Zhou, Z. & Zhang, T. 2006. Numerical simulation of turbine flowmeter's three-dimensional flow fields. 

In 2006 6th World Congress of Intelligent Control and Mechatronics Automation, Dalian, China, Vol. 1, pp. 
5023-5027. 

Versteeg, H. K. & Malalasekera, W. 2007. An introduction to computational fluid dynamics: the finite volume 
method, Pearson Education, Essex, England. 

Wang, Z. & Zhang, T. 2007. Research on tangential type turbine flowmeter based on simulation. Intelligent 
Control and Mechatronics Automation, Harbin, China, pp. 3094-3099. 

Yunus, A. C. & Cimbala, J. M. 2006. Fluid mechanics fundamentals and applications. International Edition, 
McGraw Hill Publication, Boston, Mass, USA. 

Zhen, W. & Tao, Z. 2008. Computational study of the tangential type turbine flowmeter. Flow Measurement and 
Instrumentation, 19, 233-239. 


