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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-o-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

Name Symbol Unit Value
Ratio of permanent to minimum flowrate R - 160
Overload flowrate Q4 Lit/h 5000
Permanent flowrate Q3 Lit/h 4000
Transitional flowrate Q2 Lit/h 40
Minimum flowrate Q1 Lit/h 25
Maximum admissible pressure MAP bar 16
Pressure loss AP bar AP<0.63
Working temperature T °C 50
Accuracy - Lit/h 0.5
Water meter size - inch 0.75
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Table 2. Mesh independence analysis of the
simulation model

Driving The difference

Step Number of torque on compared to

mesh impeller the next step
(N.m) (%)
1 326602 0.000634 7.35
2 347969 0.00068 12.2
3 674817 0.0007745 431
4 1372096 0.0008094 1.34

5 3053054 0.0008204 -
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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 1.67 153 134 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

Rotational speed of

Rotational speed of the

Inlet flow the water meter water meter impeller: Error (%)
No rate to impeller: numerical manufacturer's data' . =G
water meter method 100X |~
(L/h) 0,(rad/) oy (rad/) o

1 25 1.3 1.439 9.66
2 40 2.512 2.3 9.21
3 70 3.51 3.85 8.83
4 536 28.22 30.87 8.6
5 4000 227.173 230.266 1.34
6 5000 278.55 287.883 3.24
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Table 5. Calculating the rotational speed of the water
meter impeller at the flow rate of 40 L/h

Rotational speed of
Step Dirli;’il;lgl ;l?linu; ;)n water meter impeller
pefier (% o,(9/)

1 - 2

2 -1.77<10° 1.391

3 -1.14x107 0.293

4 2.71x10° 2.182

5 -3.97x10°° 2.505

6 -1.36x10°° 2.674

7 -8.77<107 2.98

8 2.72x10°° 2.528

9 -3.51x107 2.461

10 2.84x107 2.491

11 7.11x107 2.501

12 3.55x10® 2.5113

13 3.23x107 2.5118
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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

Rotational speed of the

Rot.a tional speed of impeller in the pump
Inlet flow rate the impeller in non- installation at the outlet o,
No pump mode —
(L/h) ray mode o,
o,( )
s o, (rad/)
1 25 1.3 2.66 2.05
2 40 2.512 4.87 1.94
3 70 3.51 6.15 1.75
4 536 28.22 28.036 0.99
5 4000 227.173 189.48 0.83
6 5000 278.55 237.41 0.85
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A Manufacturer's data

4 Numerical method: non-pump mode

® Numerical method: pump installation at the outlet mode

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
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