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ABSTRACT

This paper deals with the experience gained in measuring the functionality of wastewater
pumps on the new test rig for functional tests by taking a holistic view of the pumps measured
to date. The different experiences of the functional performance test, the long-time functional
performance test and findings from optical examinations are discussed. The functionality of the
aggregates is evaluated and compared with the aid of both test procedures. The behavior of the
pumps is explained by means of a limit value for the degree of functional performance as well
as the degree of long-time functional performance, and the composition of the individual partial
results is discussed. Since the pumps tested so far vary in their performance as well as in their
pressure side connection dimensions, the clogging behavior of these different pump sizes on the
test rig is also analyzed within this paper.
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NOMENCLATURE

BEP best efficiency point L25 low contamination

CW clear water L50 medium contamination

Dr degree of functional performance L100 high contamination

Da degree of saturation my  mass dusters

Drrr degree of long-time functional OP  operating point
performance Pei electrical power

DN diameter nominal Pu hydraulic power

FWT freshwater tank Q flow

H head WWT wastewater tank

L10 optical contamination n efficiency

INTRODUCTION

Wastewater pumps are facing increased operational challenges. These are caused in particular by
the disposal of various solids through the toilets into the wastewater, which are present in even higher
concentrations, thus cause operational malfunctions and can even lead to the failure of the system
(Thamsen et al. 2013). As part of the solids and therefore a major influence on the challenges of
wastewater pumps, nonwoven wipes should be mentioned here, for which sales in Europe have
increased by 233% between the years 2000 and 2016 (Mitchell 2019). According to Thamsen et al.
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(2012), there are more than 1,000 failures in Berlin per year, which demonstrates the need to address
the functionality of wastewater pumps.

The design for wastewater impellers already differs from conventional freshwater impellers in
some recommendations. For example, wastewater impellers are typically designed as impellers with
a lower number of blades, typically between one and three blades. In addition, there is usually a semi-
open as well as a closed design for these types of impellers. The semi-open design is particularly
suitable for wastewater containing fibrous materials, as the lack of a shroud is intended to achieve
slippage or breaking up of the individual fibrous materials. There are also special forms of wastewater
impellers, for example diagonal impellers and vortex impellers, which are less sensitive to blockages
due to their special design (Giilich 2008).

Overall, wastewater impellers are often selected analogously to freshwater impellers for a
corresponding pumping task; the efficiency, for example measured according to ISO 9906, is also
usually the decisive point in a pump selection. However, this does not provide any information about
the functionality of wastewater pumps (ISO 9906 2012).

To examine the functionality of wastewater pumps, a new test procedure was introduced that is
used at the test rig of the Chair of Fluid System Dynamics at the Technische Universitit Berlin. This
test procedure is used to specifically address and optimize the functionality of a wastewater pump. In
total, 60 pumps were tested about their functionality, which can be divided into the described impeller
types, as can be seen in Figure 1.
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Figure 1: Number of tested impellers at the functional test rig

Initial results have already shown that wastewater pumps react very differently to blockages. In
this publication, these first results are discussed and addressed about the already large number of
measured pumps. Further findings from the tests will also be evaluated to give a more complete
overview of wastewater pumps and their functionality and to determine how a wastewater pump can
be tested and evaluated.

MATERIALS AND MEHTODS

The functional test rig at the Chair of Fluid System Dynamics at the Technische Universitét of
Berlin has two tanks with volumes of 4 m?® each with two different test loops. The smaller test loop is
suitable for pumps with an electrical power of up to 37 kW and up to DN150 discharge connection,
while the larger test loop can be used for pumps with a power of 55 kW and up to DN250 discharge
connection. A total of three tests are carried out: the functional test, the long-time functional test and
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the optical test. For all test procedures, dusters as tear-resistant synthetic textiles are used as shown
in Figure 2. In a previous work by Pohler (2020), it was shown that tear-resistant wipes are the main
cause of clogging in wastewater applications, even in small concentrations. In 2018, a field study was
conducted by Mitchell et. Al. (2018), where it was shown that the average content of fibrous materials
in wastewater was 40 g/m>.

These synthetic test-textiles used have the same properties as fibrous cloths in wastewater and are
used to stress the pump and test it for functionality.

Figure 2: Dusters used for the tests

The fibre composition of the dusters used for the tests consists of 100 % synthetic fibres with a
specific fibre content of 95-108 g/m3. The size of a duster is 21x 30 cm and has a dry weight of 60
g/m3,

In this test, the quantities of dusters for the tests are divided into different contamination classes
to produce the artificial wastewater required for the tests. Each pump that is measured on the test rig
is first tested with clear water to obtain the necessary clear water parameters. In addition, the
wastewater classes with artificial wastewater according to Table 1 are used.

Contamination Class Dusters / m3
Clear Water 0
Optical Contamination  L10 10
Low Contamination L25 25
Medium Contamination L50 50
High Contamination L100 100

Table 1: Contamination classes used for the artificial wastewater

For all subsequent tests, the following water volumes are used, which form the corresponding
absolute number of dusters for the artificial wastewater according to Table 1: for pumps with
discharge side sizes smaller than DN150, the water volume used corresponds to 2 m? of water, while
for discharge side sizes greater than or equal to DN150, water volumes of 3 m? are used. This can be
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explained by the fact that the power classes of the pumps, the flow of the pumps and the impeller
sizes also increase with increasing discharge side size and thus increasing casing size.

For the functional performance tests and the long-time functional tests described below, the dry
weight of the dusters is determined before the start of the test. This weight is essential for evaluating
the functionality. Subsequently, for all tests, the dusters are soaked in water for at least 12 hours that
the artificial wastewater can be mixed in the tank as homogeneously as possible.
In general, for all three subsequent tests corresponding to the wastewater classes described above, the
tests are carried out at the best efficiency point (BEP), in slight partial load at 80% of the BEP and in
slight overload at 120% of the BEP.

Functional Performance Test

The functional performance test reproduces the typical behaviour of a wastewater pump in a
pumping station. In this test, the premixed artificial wastewater according to Table 1 is pumped once
from the wastewater tank (WWT) into the freshwater tank (FWT). Figure 3 schematically shows the
procedure of the test.

[T]

Figure 3: Schematic test cycle for the functional performance test (cf. Beck et al. (2021))

After completion of the test, the pump is emptied, opened and possible blockages are removed and
documented. Likewise, the filter in the FWT is emptied after each test and the dusters are dried. Using
the dry weights of the added dusters mw,wta and the dry weights after the end of the test which
remained inside the pump mw pump, the degree of functional performance Dr can be determined as a
measure of functionality.

mw total lg] - mw pump (9]
Dg = 1
F my totallg] ( )

The maximum value that a pump can thus obtain for the degree of functional performance is 1,
while a completely clogged pump that has collected all the dusters would result in a value of 0.

The dusters that are removed from the filter are also weighed to determine the quality of the test
procedure and to ensure that all added dusters have passed through the pump.

Long-time Functional Performance Test

The second test for the assessment of functionality is represented by the long-time functional
performance test. In this test, the premixed wastewater is pumped from the WWT back into the WWT
according to the corresponding wastewater class in a 60-minute test period. Analogous to the
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functional performance test, the dry weight of the dusters mw;otal 1S used. The procedure for the long-
time functional performance test is shown schematically in Figure 4.
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Figure 4: Schematic test cycle for the long-time functional performance test (cf. Beck et al.
(2021))

During the measurement period of 60 minutes, the flow Q, the head H, the electrical power Pgi
and the calculated efficiency Neest are recorded every second. Through this time-resolved measurement
of the described data, the various behaviors of wastewater pumps can be described via the long-time
functional performance test. This includes, for example, the effects of clogging on the parameters for
the hydraulic power and electrical power as well as self-cleansing effects that can occur in the impeller
during the test period.

After completion of the test, the pump is emptied analogous to the functional performance test and
possible blockages are photographed, removed and the dry weight of dusters, that remained inside
the pump mw,pump, 1S determined again. By means of the weight ratio as well as the efficiency ratio,
namely the averaged efficiency over the 60-minute measuring period Neest,0-60min to the clear water
efficiency at the corresponding operating point Ncwop, the degree of long-time functional
performance Drrr is calculated according to equation 2:

D _ lntest,o—eomin[—] lmW,total[g] — My pumpld] 2
LTF — 2 ( )

Ncw,op (-] 2 My totalld]

In equation 2, both terms are considered with a factor of 0.5. This is particularly due to the fact
that both terms are equally relevant for the evaluation of the susceptibility to clogging. For example,
there are pumps that can pump most fibrous materials, but with considerable limitations in efficiency,
for example due to increased electrical power. On the other hand, there are pumps that keep their
efficiency almost constant while nevertheless accumulating dusters in the impeller. Thus, the most
diverse types of clogging are taken into account and can be compared with each other.

The calculated water-to-wire efficiency n is evaluated using equation 3:

Py _ pgQH
= = — 3
Pg) Pg) (3)

For the density p in equation 3, clear water at 20°C is assumed and is therefore 998 kg/m°.
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The lower end of the Drrr-value range thus lies at 0, analogous to the degree of functional
performance. If the pump is not affected by the dusters and the efficiency remains unchanged, the
degree of long-time functional performance also results in a value of 1 as the upper limit.

Reference is made to Pohler (2020) regarding the repeatability of the functional performance tests
as well as the long-time functional performance tests.

Degree of Saturation
Another characteristic value needed for the evaluation is the degree of saturation Dg, which is
defined according to equation 4:

Dg = My pump,max (9] (4)

The degree of saturation describes the maximum weight absorbed inside the pump over the entire
test series. This value has a direct influence on the results for the functionality. Especially with
comparable degrees of saturation, pumps can be effectively compared with each other with regard to
the changing parameters, for example the hydraulic and electrical performance, in order to
specifically analyze different clogging behaviors.

Therefore, that the weight ratio of the dusters that remain inside the pump to the ratio of supplied
dusters is calculated after the completion of the tests for the function metrics, the degree of saturation
allows a targeted evaluation of the functionality across all contamination classes. This value is
particularly useful for pumps with high degrees of saturation if the degree of saturation exceeds the
dry weight of the supplied dusters of the low or the medium contamination. In these cases, the degree
of saturation fully reflects the clogging potential of the pumps via the high contamination class.

Optical Investigation

The optical test forms another test for assessing functionality on the functional test rig. This test
can be used parallel to the functional performance test as well as the long-time functional performance
test, to achieve a visual investigation of possible clogging as well as the interaction between the
dusters and the impeller. For this purpose, analogous to the concept of Steffen et al. (2021), a light
ring including high lumen LEDs is used to illuminate the impeller on the suction side. Each LED has
a luminous intensity of 5595 lumen, a total of 8 LEDs are installed. In addition, a PVC ring is used,
which can accommodate an endoscope with an angle of view of 45°.

Endoscope” ;

High-speed camera

Figure 5: Test setup for the opticélTnvestigation
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Furthermore, a high-speed camera is used, which records for the experiments with 1000 fps at a
resolution of 768 x 768 pixels for 20 seconds during the conveyance from the WWT into the WWT
tank to visualize the interaction between impeller and duster. The test can also be performed
individually. Therefore, dusters according to the optical contamination class (L10) are used as
artificial wastewater. Figure 5 shows the setup of the experiment.

RESULTS AND DISCUSSION

Two main aspects of measuring the functionality of wastewater pumps on the test rig are
considered in the findings. The first part refers to the overall results of all pumps and findings to be
concluded from them. The second part describes the investigation of the procedure of clogging of
wastewater impellers using the optical approach already described.

The functionality of a wastewater pump can be evaluated on the test rig via the
characteristic values Dr and Drrr

The functionality of wastewater pumps can be determined using the test procedures presented.
The large number of pumps already measured results in a wide range of the degrees of functionality
for different wastewater pumps. Selected results are shown in Figure 6 for the operation in the BEP.
The degree of functional performance on the left side and the degree of long-time functional
performance on the right side are shown for two measured pumps for each impeller type for all
contamination classes.
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Figure 6: Degree of functional performance (left) and degree of long-time functional
performance (right) for selected tested pumps in their BEP for all contamination classes

There is a wide spread of measurement results for both the degree of functional performance and
the degree of long-time functional performance, and the discussed maximum values of 1 for both
tests are reached for various contamination classes by different pumps and different impeller types.
Accordingly, the test procedure is suitable for wastewater pumps, since there are pumps for the
wastewater market that can cope with the contamination from the dusters and pumping is still possible
despite increased solids loading. Furthermore, the results differ greatly due to this wide dispersion.
Values below 0.4 are reached in some cases, which indicates a high susceptibility to clogging and that
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conveying is only possible to a very limited extent or no longer possible at all. For the assessment of
a pump, a limit value of 0.7 is assumed for the result achieved by these tests. A pump that is above
this limit value is therefore considered to have a low susceptibility to clogging.

In this overview, the composition of the measurement results must be considered especially for
the high contamination (L100), since partly increased results of the functionality are achieved
compared to the low (L25) and medium contamination (L50). This is due to the degree of saturation
according to equation 4. For some pumps, a proportionally lower degree of saturation is achieved.
This results in a smaller quotient with increasing contamination due to the increased number of
supplied dusters according to Table 1, which is reflected in both functional degrees Dr and Dy rr. This
phenomenon of the degree of saturation thus provides an explanation for the increasing results, which
is why a holistic consideration of the functional results must be carried out in order to evaluate the
functionality of a pump.

A similar picture of the various clogging results of the different impeller types is also seen in the
tested partial and overload points. In these cases, there are pumps with particularly good and poor
results for the Dr and the Dy1r as well.

Functionality is not dependent on the impeller type

As already explained in Pohler (2020), there is no correlation between efficiency and functionality
for wastewater pumps. In this context, contrary to the expectation that a pump either has high
efficiency or good functionality, it turns out that good efficiency does not exclude high functionality
and vice versa. Some impellers with high efficiencies can maintain their functionality.

The extended range of pumps for which the functional tests were performed results in a wide field
of functional metrics for both test methods for different efficiencies. These results are shown for
operation in the BEP at medium contamination levels in Figure 7.
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Figure 7: Degree of functional performance (left) and degree of long-time functional
performance (right) for L50 at BEP over the clear water efficiency

Figure 7 shows for the data set that the functionality is not dependent on the efficiencies. Thus,
for some efficiency levels, strongly different values for functionality are achieved. For several
impeller types, functionality values above the limit of 0.7 are achieved, from which a low
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susceptibility to clogging can be derived. Overall, it can be seen that very high functional values are
achieved for high efficiencies for the respective impeller type.

In general, it is also shown in other representations that the functionality of a wastewater pump
does not depend on the impeller type. This is illustrated by Figure 8.

For the 1-channel semi-open, the 1-channel closed, the 2-channel semi-open as well as the vortex
impellers, measurement results > 0.7 are achieved, from which it results that these impeller types
show a particularly low clogging tendency in individual geometries when conveying fluids containing
dusters. Likewise, all impeller types mentioned additionally show results below the limit value as
well. It is striking that especially for higher blade numbers lower values for the degree of long-time
functional performance are achieved.

For closed 2-channel impellers the results show increased susceptibility to clogging. However, in
addition to the impeller type and its lesser use for wastewater with fibrous media, it must be mentioned
here that the sample is particularly small in comparison, and this must be verified in further tests.

Furthermore, it should be noted that the ball passage is not the decisive parameter for the
functionality of a wastewater pump, as was shown in Tilcher et al. (2020).
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Figure 8: Degree of saturation (left) and degree of long-time functional performance (right) for
L50 at BEP over the impeller type

Functionality is not dependent on pump size

Pump sizes for small to medium pumping stations typically have discharge sides up to a size of
DN150, which are also mapped by the test rig. Thereby, the pumps do not show any relation in their
degree of long-time functional performance as well as in the degree of saturation, as can be seen in
Figure 9, for which both values are illustrated over the respective discharge side sizes. It is shown
that especially for the discharge side diameters DN100 and DN150, for which by far the most
measurement data are available, there is no correlation between the size of the machine and the degree
of saturation. Rather, high as well as low degrees of saturation are achieved for these discharge side
sizes, whereby it must be said that the absolute theoretically absorbable number of dusters increases
with increasing impeller size, since the diameters of the impellers increase at comparable specific
speeds. On the other hand, the right part of Figure 9 shows that for each discharge side size values
for the contamination class L50 are achieved for the degree of functional performance both above
and below the limit value.
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Figure 9: Degree of saturation (left) and degree of long-time functional performance (right) for
L50 at BEP over the discharge side diameter

Functionality is not dependent on the performance level

Another aspect regarding the functionality of wastewater pumps is the corresponding
performance. On the test rig, the electrical power of the respective pumps is included for all tests,
which are again shown in Figure 10 below by means of the degree of saturation and the degree of
long-time functional performance for the medium contamination, tested in the BEP. It can be seen on
the left side of Figure 10 that the maximum degree of saturation increases slightly with increasing
power class. What is particularly striking here, however, is that degrees of long-time functional
performance above and below the limit value mentioned are achieved across all performance classes
and therefore also have no influence on the functionality of the wastewater pump. This coincides with
the pump size mentioned before.
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Figure 10: Degree of saturation (left) and degree of long-time functional performance (right)
for L50 at BEP over the electrical power in clear water operation
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Investigating clogging behavior through visual experiments

In addition to the functionality evaluation and thus the comparison of the wastewater pumps with
each other, the functional test rig offers another important test that visualizes the interaction between
duster and impeller. This test is also suitable for evaluating functionality, since the long-time
functional performance test only calculates averaged values over the 60-minute measurement period
and likewise the documentation of the possibly clogged impeller can only be made after the
measurement has been completed. This test can be done in parallel to the functional tests to gain a
better understanding of the clogging phenomena.

Figure 11 shows on the left exactly this documentation of a clogging of a closed 2-channel
impeller. Due to the heavy accumulation of dusters inside the impeller, it is not possible to argue
about the course of the clogging. The measurement is a long-time functional performance test of a
closed 2-channel impeller at the BEP (Flow of 250 m®/h) at L25. The result is a degree of long-time
functional performance of 0.2.

The optical test offers the possibility to evaluate the clogging phenomena. Especially, the initial
clogging can be observed: the clogging builds up at one of the two leading edges of the impeller, as
can be seen in Figure 11 in the middle illustration. Since it is not possible for the dusters to slip off,
further incoming dusters attach themselves to the already existing clogging. Thus, over the course of
the measurement, the clogging builds up on both leading edges, which ultimately greatly reduces the
conveying data.

With the help of these optical test, it is possible to observe critical areas of the impeller. For this
example, specific design changes can be made to the leading edges for this impeller in order to
optimise the clogging behaviour. Another important aspect for the analysis of clogging phenomena
with the help of the optical test is the observation and evaluation of self-cleansing mechanisms. Some
impellers are able to clean themselves after a blockage due to so called self-cleansing mechanisms.
This means that the clogging slips off or dissipates, which increases the efficiency compared to the
clogged state. This self-cleansing occurs irregularly and is only represented by the two functional
tests through the logged data. The optical test provides visual information on the clogging about the
occurring effect and how self-cleansing can occur due to the geometry of the impeller.
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e

FiQure 11: Clogging after the long-time functional performance test (left), clogging at one
leading edge at beginning of test (middle), clogging at both leading edges at end of test (right)
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These optical examinations thus provide further information on the build-up of the clogging.
Previous investigations have shown that most clogging occurs either at the leading edges or directly
on the hub, but this is highly dependent on the design of the impeller.

CONCLUSIONS

Overall, the functionality of a wastewater pump can be effectively evaluated by means of the
functional test rig to determine its susceptibility to clogging, which is realized by artificial wastewater
with dusters. The different test procedures show that different susceptibilities to clogging can be
demonstrated for the same impeller types. It also shows that functionality cannot be attributed to
pump size or performance class.

Furthermore, the optical access provides the possibility of investigating the interaction between
impellers and dusters to gain an understanding for the build-up of clogging in different impellers. In
addition, with the help of the optical test, it is possible to locate the corresponding geometries of the
impeller, which favor the conveying of media containing fibers.
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