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ABSTRACT
The stationary and transient characteristics of a single-blade and a two-blade pump de-
signed for solid-laden fluids and clogging-prevention are experimentally analyzed in an
open pump test rig with clear water. Both impellers are installed in the identical pump
volute casing and driven by the same motor to allow direct comparison. Stationary char-
acteristics are analyzed in terms of time-averaged head, flow rate and power consumption.
The time-fluctuating head and wall pressure inside the volute are measured by piezoresis-
tive pressure transducers. For the assessment of the time-fluctuating flow rate, a quasi-
stationary electromagnetic flowmeter with increased sampling rate is used. For the two-
blade pump, the pressure and flow rate fluctuations are significantly reduced and the ef-
ficiency is slightly higher over the entire operation range, compared to the single-blade
pump. While the single-blade pump shows increasing pressure and flow rate fluctuations
from part towards overload, the opposite trend is observed for the two-blade pump. The
fluctuations of the flow rate are generally much smaller than the pressure fluctuations.
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NOMENCLATURE
Latin characters
A Area [m2]
H Pump head [m]
P Power [kg m2/s3]
Q Flow rate [m3/s]
g Gravity [m/s2]
n Rotational speed [1/s]
p Static pressure [kg/(m s2)]
u Circumferential velocity [m/s]
Greek characters
∆ Difference [-]
Ψ Pressure coefficient [-]
η Efficiency [-]
λ Coefficient of performance [-]
ρ Density [kg/m3]
ϕ Impeller position or mea-

surement location volute
[◦]

Subscripts
1,2 Inlet, Discharge / Impeller outlet
amp Amplitude
el Electrical
h Hydraulic
i Inner
meas Measured
opt Optimal, at nominal load of the 2BP
t Total
Abbreviations
1BP Single-blade pump
2BP Two-blade pump
COP Coefficient of performance
PPA Pressure probe axial position
PPAT Pressure probe axial tongue position
PPR Pressure probe radial position
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INTRODUCTION
For the transport of solid-laden fluids, e.g. wastewater or sludge, pumps with a high-

operational availability in order to prevent clogging are required (Thamsen et al., 2008a,b).
Depending on the solids’ content and solids’ size of the fluid, pumps with few blades are com-
monly used to ensure a large free ball passage and to prevent the attachment of fibrous particles.
With the same impeller diameter, the single-blade pump has the maximum possible free ball
passage in comparison to two-blade and multi-blade pumps.

The basic prerequisite of these pumps is the operational availability; only as a secondary
condition, a high degree of efficiency is required. Efficiency optimization for single-blade and
two-blade pumps is more sophisticated than for conventional multi-blade pumps. Common de-
sign concepts as e.g. three-dimensional blading and low incidence cannot simply be adopted
due to the particularly circumferential nonuniform and transient flow. Note that in this publica-
tion, the term ”transient” describes the time-fluctuating flow field over one blade passing period.
Also, only analyses of steady operating points are considered.

Pumps with few blades show significant fluctuations of the pressure and velocity field even
at the design point. Asymmetric flow structures and a transient asymmetric flow force distribu-
tion are present in the impeller. This results in operating point-dependent hydrodynamic forces,
which cannot be compensated with a mechanical imbalance. These transient characteristics
are detrimental to the pump’s efficiency and running smoothness, which is shown in several
single-blade pump studies (Okamura, 1980; Aoki, 1984; Benra et al., 2006; Daly et al., 2006;
Zwingenberg and Benra, 2006; Savilius et al., 2006; Pei et al., 2013). Liu et al. (2012) indicate
vortex structures inside the impeller and Liu et al. (2009) measure significant pressure fluctua-
tions even at design point for two-blade pumps as well. Generally, the pressure fluctuations are
expected to diminish with increasing blade number, and the efficiency is expected to rise. How-
ever, a detailed comparison of the transient characteristics of a single-blade and a two-blade
pump has not been presented yet to the knowledge of the authors.

Numerical simulations contribute to a better understanding of the fluid dynamics in single-
blade pumps and the identification of the mechanisms and locations of losses. Benra and
Dohmen (2008) apply a closed loop simulation method with periodic boundary conditions,
whereby the flow rate is a result of the simulation. A good agreement with the experimentally
determined flow field was found. However, the flow rate fluctuations were not discussed in
detail. Melzer et al. (2018) uses transient boundary conditions obtained from time-resolved
pressure measurements to simulate a single-blade pump flow and found no significant influence
on the time-averaged characteristics compared to stationary boundary conditions. On the other
hand, a flow rate fluctuation of 2% for nominal load was apparent in the simulations, which
could not be validated in the experiment since no transient flow rate measurement technique
was available.

The present study aims at a comparative evaluation of the transient flow rate and pressure
fluctuations in single-blade and two-blade pump impellers for an assessment of transient charac-
teristics and efficiency. In addition, transient validation data and transient boundary conditions
are provided for subsequent numerical studies. For this purpose, the stationary and transient
characteristics of a single-blade and a two-blade pump are experimentally analyzed and com-
pared in an open pump test rig. Stationary pump characteristics in terms of time-averaged pump
head, power consumption and efficiency are determined. The time-resolved pressure distribu-
tion at the inlet, discharge and in the volute of the pumps is investigated together with a new
measurement technique for measuring the time-resolved flow rate. The rotational speed and
system resistance at each operating point are constant. Pressure and flow rate are ensemble-
averaged over several hundred revolutions and evaluated in terms of mean and amplitude.
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EXPERIMENTAL SETUP
Test Pumps and Test Rig

Two radial pumps are utilized for this investigation. One single-blade impeller (1BP) and
one two-blade impeller (2BP) can be overhang mounted to the same electrical motor in the same
volute casing. Thus, a direct comparison of both impeller types can be conducted, since only
the impeller is changed and the motor, the test rig and the measurement system are equal for
both investigations. In addition, the sealing gap between the impeller and the casing and the
blade angle at impeller outlet are similar. Both impellers are schematically illustrated in their
reference position when the trailing edge is aligned with the positive y-axis, defined as ϕ = 0◦

in figure 1 a) and b). The main design parameters of the pumps are summarized in table 1. The
specific speed nq is calculated with the reference flow rate Qq = 1m3/s, the reference head
Hq = 1m as well as the flow rate Qopt and the head Hopt for nominal load by equation 1.

nq = n · (Qopt/Qq)
1/2

(Hopt/Hq)3/4
(1)

Parameter Abbreviation Value Unit
Flange diameter DN 150 mm
Rotational speed n 1450 1/min
Specific speed nq ∼45 1/min
Nominal power consumption Pel 26 kW

Table 1: Design parameters of the test pumps

All measurements are conducted at the test rig of the Chair of Hydraulic Fluid Machinery,
see figure 1 c), which is build in accordance to the guidelines of DIN9906 (2012). The test rig
includes an open circuit with a 10m3 water basin, see marker (1) in figure 1 c). Both, a dry well
installation (2) where the pump is placed beside the water basin as well as a wet well installation
(3) with the pump submerged can be realized, while only the dry well installation is considered
in the present study. For the control of the system resistance, a valve is installed in the pressure
pipe (4).
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Figure 1: Illustration of the single-blade a), the two-blade pump b) and the test rig c)

Stationary Measurement-System
The stationary measurement-system for this investigation has been presented in detail by

Melzer et al. (2018) and is briefly summarized here. For the analysis of the stationary charac-
teristics of both pumps the pressure coefficient Ψ, coefficient of performance (COP) λ, inner
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efficiency ηi and flow rate Q are evaluated. These values are obtained by averaging the mea-
surement data over a sufficiently long period of time.

The dimensionless pressure coefficient Ψ is calculated with the pump head H and the cir-
cumferential velocity u2 at the impeller discharge by equation 2. For head evaluation, static
pressure is measured with a quasi-stationary piezoresistive differential pressure sensor (type:
266MST, ABB Automation Products GmbH) in combination with a data acquisition device
(type: UNI8 CronosFlex, imc Meßsysteme GmbH). The pressure ports are installed at the inlet
as well as the discharge in a distance of twice the nominal diameter from the respective flange.
The head is evaluated with the time-averaged total pressure difference ∆pt,12, which is equiva-
lent to the measured static pressure difference ∆pmeas because suction and discharge pipe have
the same diameter and thus the kinetic head cancels out. The geodetic head between discharge
and inlet is also included in the measured static pressure since the pressure ports of the sensors
are located at the same height.

Ψ =
2 · g ·H
u22

=
2 · ∆pt,12
ρ · u22

=
2 · ∆pmeas

ρ · u22
(2)

The stationary flow rate is measured by an electromagnetic flow meter (type: OPTIFLUX
2300 C - IFC 300 C, Krohne Messtechnik GmbH) in combination with the same data acqui-
sition device as the quasi-stationary pressure sensors. The flow meter has been modified to
enable a transient measurement, which is presented in the subsequent subsection. However, the
measurement of a quasi-stationary mean value of the flow rate is still provided. The flow meter
is installed at the discharge side of the pump, see marker (5) in figure 1 c), taking a sufficient
flow stabilization zone of ten times the nominal diameter into account.

The dimensionless coefficient of performance λ is calculated with the inner power Pi, the
circumferential velocity u2, the cross-sectional area of the volute at the impeller outlet A2 and
the density ρ by equation 3. The inner power Pi results from the electrical power Pel and the
motor efficiency ηmot according to Melzer et al. (2018). The electrical power Pel is calculated
by voltage and current, which are both measured by a power analyzer (type: WT500, Yokogawa
Deutschland GmbH). The inner efficiency ηi of the pump is calculated as the ratio of hydraulic
power Ph and inner power Pi according to equation 4.

λ =
2 · Pi

ρ · A2 · u32
=

2 · Pel · ηmot

ρ · A2 · u32
(3)

ηi =
Ph

Pi

=
ρ · g ·Q ·H

Pi

(4)

The measurement uncertainties of the stationary pump characteristics are calculated accord-
ing to DIN9906 (2012), which are deduced from the guide to the expression of uncertainty in
measurement (GUM) BIPM and JCGM (1995). Both the temporal fluctuation (measurement
noise) in the measured values and the manufacturer’s assurances (see table 2) are taken into
account, whereby the uncertainty resulting from the measurement noise is significantly smaller
than data sheet specifications.

For the calculation of the uncertainty ∆Ψ of the measured pressure coefficient Ψ, the un-
certainty of the pressure sensor and the data acquisition device have to be considered. These
presumed measurement uncertainties lead to a head uncertainty of ∆Ψ = 0.5% for nominal
load (Qopt). The uncertainty ∆Q of the time-averaged flow rate Q is calculated from the uncer-
tainties of the flow meter and the data acquisition device. This leads to a flow rate uncertainty of
∆Q = 0.5% for nominal load. The uncertainty of the power measurement is derived from the
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Percent of reading Percent of range
(gain error) (offset error)

Pressure sensor - ±0.04%
Flow meter (mean value) ±0.20% ±0.01%
Data acquisition ±0.06% ±0.05%
Power analyzer ±0.10% ±0.10%

Table 2: Maximal measurement uncertainty of the quasi-stationary measurement-system
from respective data sheets
maximal uncertainty of the power analyzer with an embedded data acquisition device. For nom-
inal load, a power uncertainty of ∆λ = 1.4% results. The uncertainty of the inner efficiency
∆ηi is calculated according to the Gaussian error propagation from the uncertainties of pres-
sure, flow rate and power measurements. This leads to an efficiency uncertainty of ∆ηi = 2.4%
for nominal load. In partial and overload, the uncertainties may be either slightly higher or
lower than in nominal load. However, the error bands of the characteristic curves resulting
from the measurement uncertainty are clearly within the limits of the highest accuracy class
(∆Ψ ≤ 1.5%, ∆Q ≤ 2.0%, ∆λ ≤ 2.0%, ∆ηi ≤ 3.2%) of DIN9906 (2012). The measurement
uncertainties of the recorded measured values are included as error bars in the subsequently
discussed results.

Transient Measurement-System
The transient characteristics of both pumps are measured in terms of transient static pressure

at inlet, discharge and volute casing at several positions as well as the transient flow rate through
the pump in combination with an impeller position detection.

PPR 335

PPR 310

PPR 220

PPR 130

PPR 040

PPA 310

PPA 220

PPA 130

PPA 040

PPAT 337o

PPAT 327
PPAT 337i

φ

Figure 2: Measurement positions inside the volute for transient pressure sensors

The measurement positions of the transient pressure sensors are equal to those from Melzer
et al. (2018). The transient pressure sensors at the inlet and discharge are mounted at the same
distance from the respective flanges of the pump as the stationary pressure ports. The mea-
surement positions in the volute are illustrated in figure 2. Note that in the following, ϕ may
either indicate the impeller position or the measurement location within the volute. Transient
piezoresistive absolute pressure sensors (type: PAA-23, Keller Gesellschaft für Druckmesstech-
nik mbH) in combination with a transient data acquisition device (type: UNI8 CronosFlex, imc
Meßsysteme GmbH) with a sampling rate of 10 kHz are used for measuring the transient pres-
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sure fluctuations. To evaluate the pressure distribution inside the volute, the local pressure
coefficient Ψlocal is calculated with the local static pressure plocal and the static pressure at the
inlet pinlet according to equation 5. Figure 3 illustrates Ψlocal (a) and the contribution of the
normalized pinlet (b) and the normalized plocal (c) for an exemplary pressure probe of the 1BP. It
is noted that the course of Ψlocal is dictated by the course of plocal. This also applies to the other
measurement positions in both pumps.

Ψlocal =
2 · (plocal − pinlet)

ρ · u22
=

2 · plocal
ρ · u22

− 2 · pinlet
ρ · u22

(5)

Measurement 1BP

a) Pressure Coefficient b) Contribution of normalized pinlet c) Contribution of normalized plocal

Figure 3: Ensemble-averaged pressure coefficient Ψlocal a) and the respective contributions
of normalized pinlet b) and normalized plocal c) for one exemplary pressure probe of the
1BP at Qopt.

The same data acquisition device, which is used for the pressure sensors, in combination
with an inductive distance sensor (type: TX2-24-16, eddylab GmbH) is used for the measure-
ment of the impeller position angle ϕ. The distance sensor detects grooves on an elongated mo-
tor shaft simultaneously to the transient pressure measurements. With this measurement-system
the circumferential impeller position can be detected with an uncertainty of ∆ϕ = ±0.6◦.
Therefore, the measured transient pressure can be related directly to the impeller position.

For the measurement of the transient flow rate, the embedded hardware of the same electro-
magnetic flow meter that is applied for the stationary flow rate measurement (type: OPTIFLUX
2300 C - IFC 300 C, Krohne Messtechnik GmbH) is modified to directly detect the measured
signal from the sensor. Thus, the signal can be stored without internal averaging and filtering in
contrast to conventional quasi-stationary flow meters, which use this technique to get a smooth
average flow rate measurement. The sampling rate of the flow meter is thereby increased from
∼10 Hz to ∼3 kHz. In order to get a meaningful evolution of the flow rate over one revolu-
tion without measurement noises, an ensemble-averaging must be performed over a sufficiently
high number of revolutions. The transient flow rate signal is synchronized to the transient pres-
sure curves by the evaluation of a trigger signal that is recorded by both, flow rate and pressure
measurement-system simultaneously. Thus, the relation of the transient flow rate to the impeller
position ϕ is achieved.

For the evaluation of both transient pressure and flow rate signal the ensemble-averaging
is performed over approximately 2300 revolutions which has been found to yield a sufficient
repeatability of the averaged pressure and flow rate curves. The reproducibility of the measured
transient pressure amplitudes was in the range of ∆Ψamp < 0.006 and ∆Ψlocal,amp < 0.015.
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The reproducibility of the measured transient flow rate amplitudes reached ∆(Q/Qopt)amp <
5 · 10−4.

RESULTS
In all subsequently presented results, for both, the 1BP and the 2BP, the flow rate Q is

normalized to the same reference flow rate Qopt, which equals the flow rate at best efficiency
of the 2BP. Since for the 1BP, the best efficiency flow rate is almost the same as for the 2BP,
the normalization to the same Qopt value is warrantable. The stationary characteristics of both
pumps are depicted in figure 4. The 2BP generates a constantly higher pressure build-up over
the entire operating range (see figure 4 a)). For nominal load, a 14% higher pressure coefficient
is determined. A higher power (9% for nominal load) is obtained from the motor (constant
rotational speed) by the 2BP compared to the 1BP (see figure 4 b)). Figure 4 c) illustrates the
inner efficiency ηi normalized by the best efficiency ηi,opt of the 2BP. Since the 2BP yields a
better flow guidance than the 1BP, losses due to flow separation are lower, leading to a higher
efficiency. Thus, the 2BP shows an increased inner efficiency of 5% for nominal load (see figure
4 c)).

Measurement 2BPMeasurement 1BP

a) Pressure Coefficient b) Coefficient of Performance c) Inner Efficiency

Figure 4: Stationary characteristics of 1BP and 2BP: a) pressure coefficient b) coefficient
of performance multiplied with 10 c) inner efficiency normalized by the best efficiency of
the 2BP

The ensemble-averaged transient pressure coefficient Ψ over one impeller revolution of
three exemplary operating points (partial load 0.55 · Qopt, nominal load Qopt and overload
1.36 · Qopt) for both pumps is depicted in figure 5. The stationary pressure coefficients (see
figure 4 a)) can be recovered by averaging the ϕ-distribution of Ψ. The ensemble-averaging
is equivalent to a filter of the raw measurement data with the pump rotation frequency. This
frequency is also identified by a Fast-Fourier transform analysis of the time-dependent mea-
surement signal as dominant frequency. For both pumps, the phasing of the curves depends on
the operating point due to varying outflow angle. Interestingly, also a phase shift between the
pressure maxima of both pumps is present as exemplary marked for the nominal load (see figure
5 b)) which is assumed to be due to different time-characteristics of the impeller outflow angle
towards discharge, although the blade angles are almost the same for 1BP and 2BP. This phase
shift is also present for Ψlocal at the measurement positions ϕ = 310◦ and ϕ = 335◦, which
are close to the volute outlet. The measurement positions ϕ = 40...220◦ far from volute outlet
show no significant phase difference between the pressure maxima of both pumps (not shown).
Presumably this is due to the fact that the interaction between the impeller and the volute tongue
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is different for 1BP and 2BP. It is also noteworthy that the specified transient curve progression
is a result of the interaction between the respective pump and the system of the test rig. Prelim-
inary test measurements with modifications in the circuit (e.g. removing a rubber compensator,
open a dummy pipe or using the wet well installation) have shown that the phase position is im-
pacted by system modifications. In contrast, the peak-to-peak amplitudes of pressure and flow
rate, which are in the focus of this paper, are only slightly influenced by modifications of the
system. The results of the present study are based on one fix circuit configuration. The detailed
interaction between the pump and the system will be the topic of further studies.

Measurement 2BPMeasurement 1BP

a) Partial Load (0.55 )Qopt b) Nominal Load ( )Qopt c) Overload (1.36 )Qopt

~100°

Figure 5: Ensemble-averaged pressure coefficient of 1BP and 2BP for three examplary
operating points: a) partial load 0.55 ·Qopt b) nominal load Qopt c) overload 1.36 ·Qopt

a) Partial Load (0.55 )Qopt b) Nominal Load ( )Qopt c) Overload (1.36 )Qopt

Measurement 2BP (stationary)Measurement 1BP (stationary)

Measurement 2BP (transient)Measurement 1BP (transient)

Figure 6: Transient evolutions and the respective stationary mean values of three exem-
plary operating points of 1BP and 2BP: a) partial load 0.55 ·Qopt b) nominal load Qopt c)
overload 1.36 ·Qopt

The ensemble-averaged transient pressure coefficient Ψ is plotted versus the ensemble-
averaged transient flow rate Q/Qopt evolution for one blade passing and illustrated together
with the stationary operating points (partial load 0.55 · Qopt, nominal load Qopt and overload
1.36 · Qopt) for both pumps in figure 6. Each stationary operating point is determined by ave-
raging the transient courses of Ψ and Q/Qopt respectively. It can be seen that in each of the
three exemplary operating points the fluctuations of the pressure coefficient and the flow rate
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are much larger for the 1BP compared to the 2BP.
The respective peak-to-peak amplitudes of the pressure coefficient Ψ are evaluated and sum-

marized in figure 7 a) for all operating points. The 1BP shows a higher pressure fluctuation over
the entire operating range than the 2BP, a local minimum at partial load (∼ 0.6 · Qopt) and in-
creasing fluctuations towards overload. The 2BP shows a qualitatively different behaviour with
monotonically decreasing fluctuations towards overload. We assume that one main source of
the significantly higher pressure fluctuations of the 1BP in overload operation may be a weaker
flow guidance compared to the 2BP. It is noteworthy that the 2BP impeller has a smaller out-
flow width compared to the 1BP impeller by about 30 %, while both impellers operate in the
same volute casing, which is designed for the width of the 1BP impeller. Thus, we assume
that the smaller outlet of the 2BP impeller in combination with the wide volute casing may also
contribute to lower pressure fluctuations in overload operation. The particular cause that both
pumps show a qualitatively different trend of fluctuations cannot finally be clarified with the
available measurement data. Further insight will be given by the evaluation of simulation data
that are planned in subsequent studies.

The different behaviour of the transient pressure coefficient amplitude Ψamp is reflected in
the flow rate amplitude (Q/Qopt)amp, see figure 7 b). The 1BP shows a minimal flow rate
amplitude in partial load and increasing fluctuations towards overload, while for the 2BP, the
flow rate amplitude is significantly smaller and decreases continuously from partial to overload.
It is noteworthy that the flow rate fluctuations are significantly lower than the pressure coeffi-
cient fluctuations: for nominal load, the flow rate amplitude is in the order of 0.2% (2BP) and
1.4% (1BP), while the pressure coefficient amplitude is about 6% (2BP) and 35% (1BP). As
mentioned before, preliminary test rig modifications showed that these values are only slightly
influenced by the pump-system-interaction of this test rig.

Measurement 2BPMeasurement 1BP

a) Pressure Fluctuation b) Flow Rate Fluctuation

Figure 7: Peak-to-peak amplitude of transient fluctuations of pressure coefficient a) and
flow rate fluctuations b) of 1BP and 2BP

A closer look at the pressure fluctuations is illustrated in figure 8 by the amplitude of the
volute wall pressure fluctuations, recorded at different volute positions by the axial sensors
(PPA, see figure 2), for the entire flow rate range. As mentioned for the fluctuations of the
pressure coefficient Ψamp, the fluctuations of the local pressure coefficient Ψlocal,amp are also
significantly higher for the 1BP. For both pumps, the measuring position ϕ = 40◦ (sensor
PPA040) shows the highest amplitude increase from partial to overload. This is presumably
due to the interaction between the impeller and the volute tongue: A significant tangential
component of the impeller outflow in partial load and a rising meridian component towards
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Measurement 2BPMeasurement 1BP

a) Pressure Fluct. Volute 1BP b) Pressure Fluct. Volute 2BP

PPA 040PPA 220

PPA 220

PPA 040 PPA 040

PPA 220

c) Pressure Fluct. Volute 2BP-zoom

Figure 8: Peak-to-peak amplitude of volute pressure fluctuations at all axial measurement
positions (PPA, see figure 2) for all operating points for 1BP a), 2BP b) and 2BP zoom c)

overload lead to increasing fluctuations of the velocity field close to the tongue towards overload
and therefore to a higher pressure fluctuation at this measurement position. For almost all
sensors of the 1BP, a local minimum of pressure fluctuations is present in partial load, i.e.
Q/Qopt ∼ 0.6. An exception is the measuring position ϕ = 220◦ (sensor PPA220), which
shows a local minimum at overload. For the 2BP (close-up in figure 8 c)), the local minimum
is less pronounced and closer to nominal load, which is a further hint to a more homogeneous
flow field in circumferential impeller direction for the 2BP.

Measurement 2BPMeasurement 1BP

partial load

overload
overload

partia
l load

a) Volute Pressure 1BP b) Volute Pressure 2BP c) Volute Pressure Variation

Figure 9: Time-averaged pressure at radial positions (PPR, see figure 2) inside the volute
for 1BP a) and 2BP b) and circumferential pressure variation for all operating points c)

In figure 9 a) and b), the time-averaged local pressure coefficient measured by the five radi-
ally mounted pressure sensors (PPR, see figure 2) is presented vs. circumferential volute posi-
tion. Each curve corresponds to one operating point. An increase of the static pressure inside
the volute indicates a deceleration of the flow towards pump discharge, whereas a decrease indi-
cates an acceleration of the flow. An optimal throughflow of the volute has a constant velocity,
corresponding to a diminishing pressure variation in circumferential direction. This is achieved
when the volute expansion and the increase in mass from the impeller compensate each other
(Okamura, 1980; Parrondo-Gayo et al., 2002; Nishi et al., 2009). To evaluate the pressure varia-
tion in circumferential direction, in figure 9 c), the difference between maximum and minimum
volute pressure is depicted for each operating point. For the 2BP, the lowest difference occurs
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at nominal load as expected for an optimal volute design. For the 1BP, only a slight shift is
discernible to partial load Q/Qopt ∼ 0.9 which implies that regarding the time-averaged flow
field, the volute is essentially well-designed for both impellers.

CONCLUSIONS
For the two-blade pump, a higher head and power consumption are observed due to a larger

transfer of mechanical to inner energy. The better flow guidance by the two-blade pump yields
lower losses and a higher efficiency. The time-averaged circumferential wall pressure distri-
bution in the volute shows a minimum of non-uniformity close to the nominal flow rate for
both, single-blade and two-blade impeller, which indicates that the volute is well-designed with
respect to the time- and circumferentially-averaged impeller discharge flow.

On the other hand, the pressure fluctuations in terms of the peak-to peak pressure amplitude
indicate pronounced differences between both impellers. The two-blade pump shows lower
pressure fluctuations over the entire operating range than the single-blade pump with continu-
ously decreasing fluctuations towards overload. The single-blade pump shows a fundamentally
different behaviour depending on the operating point: with a local minimum at moderate par-
tial load, the pressure fluctuations significantly increase towards overload. This rise of pressure
amplitude is accompanied by an increase of the flow rate amplitude, which however is one or-
der of magnitude lower than pressure and head fluctuations. Thus, the flow rate fluctuations
have a minor importance for centrifugal pumps with few blades, e.g. for the formulation of
boundary conditions in numerical simulations. The higher pressure fluctuations of the single-
blade pump are assumed to be due to the strongly circumferentially inhomogeneous flow field
at the impeller discharge. Their rise towards overload is assumed to be correlated to a poor flow
guidance within the single flow channel at higher flow rate which leads to a highly-transient
and separated flow field. The fact that the lowest level of fluctuations does not occur at nom-
inal load, neither for the single-blade nor the two-blade impeller, suggests the conclusion that
there is no immediate correlation between time-averaged losses in terms of efficiency and the
magnitude of pressure fluctuations.

Detailed insight into the local flow field will be gained in further studies by numerical sim-
ulations. By the present measurement results, a thorough validation data base is available that
can be utilized for the validation of three-dimensional flow simulations of the single-blade and
two-blade pump.
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