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Evaluation of variable speed pumps in pressurized water distribution systems
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ABSTRACT: In pressurized water distribution systems, a constant speed pump is often used because
of its simplicity. However, constant speed pipes are not easily able to deal with changing demands in
water flows. When the demand for the discharge differs from the design discharge, the required demand
(discharge and head) could be met by changing the pump speed without making any special changes in
the system. Using an electronic drive circuit, the electrical frequency can be changed and the rotation
speed of the pump motor can thus be modified. In this study, the application of variable speed pumps in
pressurized irrigation systems is investigated. Two pumping station scenarios including a fixed speed
pump and a variable speed pump are considered. The results show that using a variable speed pump
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increases the average pump efficiency by 18.7%. In addition, the variable speed pump system reduces

the electrical consumption 57.6 % compared to a fixed speed pump. Therefore, the use of variable speed

pumps in pressurized systems is recommended.
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1- Introduction

In recent years, the cost of energy has increased faster
than other agricultural costs. While agricultural pumping
stations, their energy consumption, and efficiencies have
been improved [1], there are still opportunities for further
improvements. Water pumping stations usually use fixed
speed pumps that have a good efficiency over a small range
of pressure and flows. If different flows and pressures are
required, unsuitable pump speeds will yield excessive
energy losses. This imposes additional costs, especially on
pressurized irrigation systems, which are constantly changing
their irrigation needs, sometimes monthly. Today, more
than 60% of electricity consumption in the industry is from
electric motors. Therefore, increasing their efficiency leads to
significant savings in energy consumption [2] and a reduction
in pollution. Constant speed pumps have a fixed rotational
speed of the impellers which limit the ability to modify
the flow. Consequently use of a constant speed of impeller
reduces the flexibility of the pumping system. In contrast,
there are variable speed pumps (VSP) that have the ability to
adjust the impeller rotation and can be used to make desired
changes in the pumping system.

*Corresponding author’s email: Salmasi@tabrizu.ac.ir

2- Material and methods

The agricultural study is located in Tazeh Kand village,
30 km southwest of Tabriz. The water pumping station
includes a fixed-speed centrifugal electric motor pump for
use in a sprinkler irrigation system. The selection of this
pump is based on the maximum consumption of the sprinkler
irrigation network in July. As shown in Figure 1, in the
sprinkler irrigation system, three lateral pipes are connected
to the main pipe. The required discharge for these three lateral
pipes are 20 I/s. The required head at the inlet of each lateral
pipe is 35.14 m. The pipes are made of Polyvinyl Chloride
(PVC) and the system capacity is 60 1/s. The suction head is
2.5 m and the friction loss due to the joints, bends and filter in
the suction pipe is equal to 1.0 m.

The maximum network consumption in July is 60 1/s and
the total dynamic head is 58.11 m. To determine the system
curve for the variable discharge, the total dynamic head
value must be calculated according to the above method for
a number of discharge flows. Based on these calculations,
a suitable centrifugal pump type EA-125-50/2 has been
selected. At a 50 Hz frequency, the engine speed is 1450 rpm.
The diameter of the pump impeller is 319 mm. In Figure 2, the
characteristic curves of the pump and the characteristic curve
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Fig. 1. Sprinkler irrigation system consists of three lateral pipes branching from the main pipem
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Fig. 2. The intersection of the pump characteristic curve and the system curve determine the operating point

of the pipe system are plotted together and their intersection
defines the operating point. Based on Figure 2, the operating
point of the pump is found to correspond to 0=0.052 m*/s and
H=55.60 m.

Variable frequency drive (VFD) refers to a type of motor
controller that can rotate the electric motor by changing the
frequency and voltage in the electric motor. As the required
motor speed in the intended application changes, the electric
drive can easily meet modified requirements by raising and
lowering the motor speed. A VFD circuit consists of three
parts: (i) the rectifier section, (ii) the filter section and (iii) the
switching or inverter section.
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3- Results and discussion

Calculations of pump speed change with required
discharge changes in different months, as listed Figure 3
shows the changes in the power consumption of the pump in
different months for the two pump modes. Power consumption
in different months for the constant speed pump mode varies
between 440.2 to 801.96 kWh. On the other hand, for the
variable speed pump mode varies between 294.65 to 558.19
kWh. The results show that the variable speed pump system
reduces energy consumption about 57.6% compared to the
fixed speed pump. Therefore, using a variable speed pump
saves electricity consumption.
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Fig. 3. Pump power consumption in different months for two modes of pump operation

4- Conclusions

In this study, the efficiency of stations equipped with
variable speed pumps under all operating conditions exceeds
that of stations equipped with fixed speed pumps. The
results showed that the use of variable speed pumps not only
increase efficiency but also aid in meeting water needs. The
results showed that using a variable speed pump increases the
average pump efficiency by 18.7%. The power consumption
for a variable speed pumping station during irrigation seasons
is much less than that for constant speed pump (DP=1288.6
kWh). This is 57.65% less than with a constant speed pump.
As a result, the use of variable speed pumps in pressurized
systems is recommended.
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Fig. 1. Location of the test site in the Tazeh Kand village near Tabriz, Iran
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Table 1. Friction loss (hf) in the main pipe between stations 1 and 4

Pipe Part Q (L/s) D (mm) L (m) C hs (m) V (m/s) V %2g
Part 1-2 60 203.2 300 150 3.86 1.851 0.175
Part 2-3 40 152.4 150 150 3.70 2.194 0.245
Part 3-4 20 152.4 150 150 1.02 1.097 0.061

Sum 8.59

FUY ol Kuw! o Bgils g uy‘).uw BL] élﬁwpl cdly Jos

Table 2. Head loss in valves, fixtures, and bends between stations 1 and 4

Part 1-2 No K ht(m)
Check valve 8-in 1 1.3 0.227
Elbow 45 Deg. 2 0.6 0.210
Hydrant 8-in 4 0.3 0.210
3 way 8-in 1 0.5 0.087
Part 2-3 No K he(m)
Hydrant 6-in 4 0.3 0.294
3 way 6-in 1 0.5 0.123
Part 3-4 No K h¢(m)
Hydrant 6-in 4 0.3 0.074
Sum= 1.224
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Table 3. Total dynamic head required by the sprinkler irrigation system
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Fig. 3. System curve for sprinkler irrigation network
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Table 4. Calculation of efficiency, brake power and electrical consumption of sprinkler irrigation system

in the current design conditions (constant speed pump)

Parameter May Jun Jul Aug Sep Oct Sum
Water requirements (m*/ha) 984.13 1541.05 1242.44 964.54 757.35 692.81
Total water requirements (m* in 70 ha)  68889.1 107873.5 86970.8 67517.8  53014.5  48496.7
Pump discharge, Q (m®/s) 0.0398 0.0460 0.0431 0.0364 0.0332 0.0331
Pump operating time (hr) 15.500 21.700 18.100 16.600 14.800 13.110 99.810
TDH (m) 65.372 60.982 63.182 67.438 69.223 69.234
Net power, P (kw) 25.540 27.536 26.687 24.111 22.523 22.513
Pump Efficiency (Vﬁ/i:)h"“t variedspeed 5 20 945 7340 6961 6706  67.05
Brake power (kw) 35.58 36.96 36.36 34.64 33.58 33.58
Electrical consume (kw-h) 551.53 801.96 658.09 574.95 497.05 440.20  3523.774
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Fig. 4. Dimensions and photograph of the EA-125-50/2 centrifugal pump made by Pump Iran Company, Iran
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Fig. 5. The intersection of the pump characteristic curve and the system curve determine the
operating point
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Fig. 6. Variation of pump efficiency against discharge
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Table 5. Calculations of efficiency, brake power and electricity consumption of the sprinkler irrigation
system using a variable speed pump (VSP)

Parameter May Jun Jul Aug Sep Oct Sum
Water requirements (m*/ha) 984.13  1541.05 1242.44 964.54 757.35 692.81
Total water requirements (m® in 70 ha)  68889.1 107873.5 86970.8 67517.8 53014.5 48496.7
Reduced speed pump (rpm) 92598  1450.00  1169.03 907.55 712.60 651.88
Pump operation (hr) 15.432 19.208 16.581 15.513 16.363 16.714 99.810
Q in operating point (m>/s) 0.04 0.052 0.047 0.039 0.03 0.026
H in operating point (m) 51.980 55.600 53.930 51.800 49.530 48.600
Net power, P (kw) 20.40 28.36 24.87 19.82 14.58 12.40
Pump Efficiency (%) with varied speed 96.44 97.60 96.94 94.64 77.99 70.31
Brake power (kw) 21.15 29.06 25.65 20.94 18.69 17.63
Electrical consume (kw-h) 326.40 558.19 42531 324.84 305.81 294.65 2235.210
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Fig. 7. Operating points of the system at different pump speeds
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Fig. 8. Variation of pump impeller rotation in different months for fixed speed pump and variable speed pumps
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Fig. 9. Variation of Pump efficiency in different months for two modes of fixed speed pump and variable speed

pump
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Fig. 10. Pump power consumption in different months for two modes of pump operation
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