Pumps running as turbines for energy recovery in
water supply systems
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Chapter 1. Introduction

@ (b)

(© (d)

Figure 1.4 ... Centrifugal pumps commonly used in drinking water applications. (a) Single-
stage end-suction centrifugal pump, (b) in-line radially split centrifugal pump; (c) in-line
single-stage centrifugal pump; (d) in-line multi-stage centrifugal pump. Drawings retrieved
online from [58].

and maintenance, compared to conventional hydropower units, as well as the possibility

of delivering power from 1 kW up to hundreds of kilowatts [  60], make PATs cost-effective
solutions for micro hydropower applications. Furthermore, pumps are usually supplied with

an asynchronous motor, which can be used as an induction generator [  61], reducing further
the capital expenditure.

The comparison of the operating features between the turbine mode and the pump mode can
be summarised, according to [ 62], as follows: (i) the best ef‘ciency is approximately the same,
or it can be slightly higher in the turbine mode, depending on the size of the machine; (ii) the
Best Ef‘ciency Point (BEP) is located at a higher discharge and head values in the turbine
mode; (iii) the shaft power is, thus, larger in the turbine mode; (iv) the ef“ciency curve in
full load drops slower in the turbine mode compared to the pump mode; and (v) the lower
susceptibility to cavitation of the turbine mode.

The effective use of PAT micro hydropower plants for energy recovery in WSS still faces two
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1.2. Literature review

major issues: (i) the dif“culty of obtaining the turbine mode characteristic curves in the full
range of operation; and (ii) the sharp ef‘ciency decrease when operating far from the BEP.
Both of these issues arise from the fact that PATs are not speci“cally designed and engineered
for energy generation. The turbine mode characteristic curves are usually not provided by
pump manufacturers. For this reason, several researchers have developed methodologies
for predicting the PAT characteristic curves, usually based on information provided by pump
manufacturers, such as the rated values of the pump. These methodologies still fall short
in the prediction accuracy. The ef‘ciency decrease when the PAT is operating far from the
BEP is caused by the absence of an inlet "ow control component (e.g., Francis turbines guide
vanes). Industrial pumps are usually designed to operate at nominal conditions, this is, at the
best operating point, which does not require "ow control component. This sharp ef‘ciency
decrease can be explained by the velocity triangles at the PAT high and low pressure sections,
as illustrated in Figure 1.5.
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Figure 1.5 ... Velocity triangles at the PAT high and low pressure sections for the BEP and for the
part load and full load operating conditions.

At the BEP, the volute casing of the PAT is capable of fairly distributing the "ow to the impeller,
resulting into minimum power losses. As a consequence, the relative "ow velocity angle at
the PAT impeller high pressure reference section  ; is coincident with the impeller blades
leading edge angle. Also, at the PAT low pressure reference section, the absolute "ow velocity
C1 is axial at the PAT outlet, which corresponds to anangle 7= 90 . The previous conditions
correspond to the best operating point of the machine, this is, when the losses during the
power "ow are minimum.

As the discharge varies, and the PAT operates in off-design conditions, the previous conditions
are not guaranteed. At the PAT high pressure reference section, since the absolute "ow velocity
angle 1 isimposed by the volute casing geometry, the discharge variation induces changes







































Chapter 2. Experimental investigation

characteristic curves in the four-quadrants of operation. The latter describes the interaction
between the speci“c hydraulic energy E = gH, being H the head, the discharge Q, the torque
T, and the runner rotating frequency n. The four-quadrants characteristic curves (see Figure
2.6 and Table 2.2) are described by the variation of the IEC factors of discharge Qgp, and
torque Tgp with respect to the IEC speed factor ngp, which are de“ned Equation (2.3) [99].
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where Jis the pump moment of inertia, is the angular speed and Tg is the electric resisting

torque. D is the reference diameter and 1 is the water density in the high pressure reference
section of the PAT.
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Figure 2.6 ... Identi“cation of the four-quadrants of operation.
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2.2. Experimental setup

Table 2.3 ... Measurement equipment characteristics.

ID Measurement Range Units Accuracy
Q Discharge 050.04 m3s° 0.40% of span
p1 Differential pressure 1 0S75 bar 0.14% of span
p. Differential pressure 2 -0.2 S2.1 bar 0.14% of span
Torque -50550 Nm 0.30% of upper limit
n Runner rotating frequency 0 S 50 st 0.20% of span
Temperature 0 S 100 C 0.30% of span
Psup  Active power -10S10  kw 0.50% of upper limit
Qsup Reactive power -10S10  KkVAr 2.00% of upper limit

installed in parallel, equipped with isolation valves to allow operating the pipes in different
con“gurations. The test-rig is supplied with water froma40m 3 storage tank.

The test-rig is equipped with instrumentation for measuring the PATs hydraulic, mechanical
and electrical parameters. The location and characteristics of the measurement equipment are
shown in Figure 2.8 and in Table 2.3, respectively. Measurements are simultaneously acquired
using a data acquisition hardware (NI cDAQ9178) from National Instruments ' , connected
to a computer. The acquisition hardware is equipped for both voltage (NI 9205) and current
(N19203) analogue inputs. Moreover, it also generates voltage analogue outputs (N1 9269) for
controlling the three VSD. The data acquisition and control software controls the three VSD,

as well as acquires, processes, logs and visualises the measurement data in real-time.
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Figure 2.8 ... Measurement equipment setup.
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