Assessment of a wastewater pump
energy performance
Federico Caruso 1 (fcaruso@tcd.ie), and Craig Meskell 1 (cmeskell@tcd.ie)
Department of mechanical and manufacturing engineering 1, Trinity College Dublin

INTRODUCTION

RESULTS

Between 2 and 3 percent of the global energy
consumption is used by electric motors to move,
process and distribute municipal clean-water and
wastewater. In the context of water services,
pumping systems account for nearly 22 percent of
the world’s energy consumption. Pump speed
control allows variating the duty point through
variable frequency drive, thus the pump may
operate at off-design conditions. Additionally,
maintaining the proper operation of a pump during
its lifetime may have a significant impact on the
energy usage and cost of energy. This is especially
true for wastewater pumps where a low number of
vanes is needed to avoid clogging due to the
passage of large solid objects. Studies have showed
that axial distance between the impeller blade and
the wear plate tend to increase during the machine
life-cycle, increasing leakages which affect
dramatically the performances. In order to assess
the impact of the axial gap on pump energy
performance a numerical investigation for steady
operational conditions is presented.

Figure 1 shows the pump assembly and the bulk fluid flow direction. Figure 2 shows the details of the
impeller to different views. The operational range of the pump pressure head is 18 m and maximum flow
rate is 345 m3/h. The nominal best efficiency point for steady operation at 1475 rpm is 11 m at 198 m3/h.

a) Isometric view

b) Top view
Figure 1: Exploded view of the single-blade pump model

Objectives
The ultimate aim of the study is to build a high
fidelity computational model of an existing singleblade waste water pump. This will form the basis of
a physically realistic model of the pump used to
assess the power requirements under transient
operations. Initial models assessed the modelling of
geometry and the mesh, yielding good qualitative
results, although the initial gap was set to 2 mm.
However, the nominal axial distance is set to a
maximum of 0.3 mm during ordinary operating
conditions to reduce leakage loss. Therefore, the
current goal is to investigate the performance drop
in relation to various gaps and flow rates.

(a) Head

METHODOLOGY
The waste water pump used in this study is the
Sulzer XFP PE-2 150E CB 1.1, which is typical of
municipal waste water treatment. Figure 1 shows
the hydrodynamic elements consisting of three
main components: a wear plate, a single-blade
impeller and a double-curvature volute. The electric
motor (not shown) rotates the impeller about an
axis aligned with the inflow direction. The machine
entry has rounded edges to allow the fluid to flow
smoothly as these pumps are often installed in a
submerged tank without a draft pipe attached.
Experimental data for pump performance (e.g.
head-discharge, torque and efficiency) are
available. ANSYS-fluent 17 is used as the simulation
environment. The fluid flow is modelled using
unsteady RANS, in a rotating framework with a twoequation turbulence model (i.e. realizable K-e).
In the current simulations, rotation speed is fixed
and the unsteady model is run for 30 rotations (the
flow time is approximately 1 second).

(b) Torque

Figure 2: Single-blade impeller

The gap was set in the range from 0.3 mm to
1.125 mm. The hydraulic head curve in Fig. 3(a)
at 0.3 mm approaches the experimental data
with a discrepancy of 1% at low flow rates and
10% at high flow rates. As expected, developed
head decreased as gap is increased. The
hydraulic efficiency trend in Fig. 3(b) is
consistent with experimental values but is
sensitive by the average hydraulic torque,
reported in Fig. 3(c). A more detailed inspection
on the fluid mechanics showed that viscous
forces become prevalent above 0.5 mm gap. As
expected, increasing the gap induces additional
shear,
decreasing
the
overall
pump
performances. Moreover, a plot of the rotating
region is shown in Fig. 4, where the vortices that
stretch downstream of the trailing edge deform
the velocity field that is represented by
streamlines, resulting on a drop in performance.

(c) Hydraulic Efficiency
Figure 3: Pump performances for different gaps

Figure 4: Vorticity and streamlines in the vane region

CONCLUSIONS
This assessment leads to further understanding on the fluid mechanics that governs single-vaned waste
water pumps. Preliminary geometrical and modelling complexities showed good agreement with
experimental trends. Recent findings show that the primary source of losses is due to the separations that
occur downstream the blade trailing edge due to formation of vortices that extend for a large portion of the
vane. Tip leakage that grows during the machine life-cycle dramatically reduces the energy performance and
mustn’t be underestimated. Further developments will aim to integrate dynamic boundary conditions by
varying the rotational speed to assess the energy consumption during realistic operating conditions.
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