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(57) Abstract: The invention refers to a pump assembly with at least one liquid space (32) in the interior, said liquid space (32)

containing a liquid or being designed for receiving a liquid, wherein a sensor (34, 42) is arranged in the liquid space (32) which sensor
is designed to detect at least one material property of the liquid located in the liquid space (32), wherein a filter element (44) is arranged
in the interior of the liquid space (32) in a manner such that it shields the sensor (34, 42) with respect to the surrounding liquid space

(32), the filter element (44) being permeable to the liquid, and to method for controlling a pump assembly.
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Description

[01] The invention refers to a pump assembly with at least one liquid

space in its inferior and a method of controlling a pump.

[02] [Itis known in the art to integrate sensors into pump assemblies to
detect properties of a liquid inside a channel or a reservoir inside the
pump. In parficular in submersible or waste water pumps having a dry-
running electric drive motor it is known to have a liquid reservoir in a
seal assembly between the electric drive motor and a pump housing.
Such seal assembly comprises two shaft seals which are distanced from
one another with the liquid reservoir between the seals. The liquid reser-
voir may for example contain oil or glycol or a glycol-water-mixture. In
the prior art using oil in the liquid reservorr, it is known to provide a sensor
inside this reservoir to detect a change in concentration due to enter-
ing water. Water may enter from the pump housing in case of wear of
the seal arranged towards the pump housing. Due to the entering of
water the concentration of water in the liquid contained in the reservoir
changes and by a respective concentration sensor it is possible to de-
tect a fault of the seal. For example from EP 1 617 212 B1 a respective

capacitive sensor for detecting the concentration is known.

[03] There is the problem that gas bubbles may occur inside a liquid
flowing through the pump or contained in a liquid reservoir inside the
pump. Such gas bubbles may influence the measurement carried out

by a sensor inside the liquid.
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[04] In view of this it is the object of the invention to provide an im-
proved pump assembly allowing a more precise measurement of a
material parameter of a liquid inside the pump. A further object is to
provide a sensor arrangement for measuring the liquid material proper-
ty which can be applied inside pumps and still account for effect such
as furbulence, cavitation and the like. This object is achieved by a
pump assembly having the features defined in claim Tand a method
according fo claim 21. Preferred embodiments are defined in the de-
pendent subclaims, the following description and the accompanying

drawings.

[05] The pump assembly according to the invention comprises at
least one liquid space in its interior, preferably inside a pump housing.
Said liquid space may contain a liquid or may be designed for receiv-
ing a liquid. A liquid space designed for receiving a liquid may prefera-
bly be part of a conduit for the liquid fo be delivered or pumped by the
pump. A liquid space containing a liquid may be for example a sealed
space containing a liquid, preferably prefilled with a certain liquid, for
example a coolant or lubricant. There is a sensor arranged in said liquid
space. This means the sensor is arranged in the part of the liquid space
which in normal use is always filled with the liquid which should be ana-
lyzed by use of said sensor. By this the sensor can come into direct con-
tact with the liquid, preferably is submerged into the liquid contained in
the liquid space. The sensor is designed to detect at least one material
property of the liquid located inside that liquid space. The output from
the sensor or the sensor signal, respectively, may preferably be used for
further control functionalities of the pump or may be provided to exter-
nal monitoring or control devices. According fo the invention there is
arranged a filter element in the interior of the liquid space in such a
manner that it shields the sensor with respect to the surrounding liquid
space. This means that the filter element at least partly separates a

space confaining the sensor from the further surroundings inside the
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liquid space. The filter element may substantially separate the entire
liquid space in two parts, one part containing the sensor and the other
part forming the surroundings mentioned before. Preferably the part
containing the sensor is smaller, further preferred much smaller {for ex-
ample having less than 25 % or 10 % of the volume of the entire liquid

space).

[06] Preferably the filter element forms an enclosure surrounding the
sensor such that the sensor is arranged inside a space defined by the

filter element.

[07] The filter element is desighed such that a liquid exchange
through the filter element is possible. Thus, the liquid contained inside
the liquid space can penetrate through or transfer the material proper-
ties (e.g. by flow or diffusion)through the filter to the sensor so that the
sensor can detect the characteristic of the liquid inside the enfire liquid
space. If the characteristic of the liquid in the surroundings, i.e. in the
space or part hot containing the sensor is changing, this can be de-
tected by the sensor because of the liquid exchange through the filter
element. Preferably the filter element is designed such that the liquid
exchange through the filter is not prohibited and is influenced to such
an extend only that a sufficient liquid exchange to ensure a cormect
measurement by the sensor is allowed. The filter element is advanta-
geous in that it reduces an amount of gas bubbles reaching the sensor,
thereby improving the measurement carried out by the sensor. Exam-
ples of filters which have shown to be advantageous are mesh-like fil-
ters or porous filters with open porous structure. Further, filters with pore
sizes in the range of 5-50 um have shown and tested to be effective.

However, the invention is not limited to such filters.

[08] The filter element is permeable to the liquid and, preferably de-

signed such that it decreases the ingress of gas bubbles towards the
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sensor. The filter element may be designed such that gas inside the lig-
vid space is accumulating on the surface of the filter element facing
away from the sensor. The filter element may prevent the gas bubbles
reaching the sensor or at least reduce the number of gas bubbles
reaching the sensor. According to a preferred design the filter may be
designed such that bubbles are captured on the filter surface such that
they can grow or accumulate on the surface of the filter. When reach-

ing a certain size at some time the bubbles will rise and move upwards.

[09] Preferably the filter element is designed such that there is sub-
stantially no pressure difference across the filter element, i.e. between
both sides of the filter element. This means there is no pressure differ-
ence between the area in which the sensor element is arranged and

the other parts of the surrounding liquid space.

[10] The shielding of the sensor achieved by the filter element does
not mean that there must necessarily be a complete shielding. Also a
partial shielding of the sensor may be sufficient to decrease the ingress
of gas bubbles towards the sensor. In particular it may be sufficient to
arrange the filter element at least on such side of the sensor element
which is directly impacted by a liquid flow. Furthermore, the filter ele-
ment may be designed such that it is permeable for a gas but prefera-
bly impermeable for gas bubbles exceeding a certain predefined size.
In particular the gas bubbles exceeding a certain size may influence
the measurement result of the sensor. Furthermore, the filter should be
designed such that it prevents gas bubbles from flowing fo the sensor
and collecting on the sensor surface. This means that it is the intention
to design the filter element such that it reduces the gas bubbles reach-
ing the sensor by such an amount that the aggregation of gas bubbles

on a sensor surface is prohibited.
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[11] According to one possible embodiment of the invention the sen-
sor is a concentration sensor which is designed to detect the concen-
tration of a compound inside the liquid or a component of the liquid
which is located in said liquid space. However, the sensor is not limited
to a concentration sensor. Preferably the concentration sensor is de-
signed for detecting a concentration of glycol in the liquid, wherein the
liquid preferably is water or a glycolwater-mixture. For example in a
liquid reservoir in a sealing assembly the concentration of glycol may
decrease due to entering water. This may be detected by a concen-

tration sensor according to the invention.

[12] According to a preferred embodiment the sensor may comprise
an ultrasound sensor, a capacitive sensor and/or an opfical sensor. Fur-
thermore, additional functionalities such as for example a temperature
measurement may also be incorporated into the same sensor. Prefera-
bly such a sensor is desighed as a sensor for detecting a concentration

of a component inside the liquid as described before.

[13] According to one embodiment of the invention the liquid space
forms at least a part of a flow path for a fluid, in particular a liquid like
water which is to be delivered by the pump assembly. By such an ar-
rangement it is possible to detect the material properties or characteris-
tics of the pumped fluid by use of the sensor element arranged inside

said liquid space.

[14] According to a further possible embodiment of the invention the
liquid space is a closed cavity in the pump assembly, for example in the
pump housing. For such closed cavity there should be substantially no

exchange of liquid fo the outside of said cavity.

[15] Preferably the liquid space may be a closed conduit or a closed

or sealed chamber containing a liquid. This may be for example a
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space containing a lubricant or coolant used in the pump assembly. By
such a design it is possible to detect the material characteristics or
properties and in particular changes of at least one material property
of the lubricant or coolant by use of the sensor arranged inside the lig-

vid space.

[16] According to a further preferred embodiment of the invention
said ligquid space is part of a sealing assembly and preferably forming a
cooling jacket of the sealing assembly. As mentioned above, sealing
assemblies in pumps having a liquid reservoir are known. The liquid res-
ervoir contains a lubricant or coolant for lubrication and cooling of the
sealing assembly. The sensor element inside such a liquid reservoir may
be used to detect wear or a fault of a seal of this liquid space. Such a

seal for example may be a shaft seal.

[17] Further preferably the liquid space may be part of a sealing as-
sembly arranged between an electric drive motor and a pump hous-
ing, wherein the pump housing contains the fluid or liguid to be deliv-
ered by the pump. Said sealing assembly preferably comprises two
shaft seals which are distanced from one another and through which a
drive shaft connecting the electric drive motor and at least one impel-
ler arranged in the pump housing extends. Said liquid chamber may
form a liquid reservoir arranged between these two shaft seals and sur-
rounding the drive shaft. The liquid chamber may contain a lubricant or
cooling or a liquid just ensuring or enhancing the sealing properties of
the sealing assembly. In case of a fault of the shaft seal fowards the
pump housing there is the risk that the fluid delivered by the pump, for
example water, may enter said liquid reservoir between the two shaft
seals. By use of a sensor as described above and arranged inside this
liquid reservoir the entering liquid can be detected. The entering liquid
changes the material property of the liquid inside the liquid reservoir. In

particular it is possible to detect a change of concentration of a com-
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pound or component in the liquid contained in said liquid reservoir, the
concentration being the detected material property. The sensor ele-
ment may be connected to a control device which can for example
give an alarm if entering liquid inside the liquid reservoir is defected or
the concentration of a certain compound or component inside the

liquid exceeds a predefined threshold.

[18] According to a further preferred embodiment said liquid space
described above is a liquid reservoir which preferably contains glycol or
a glycol-water-mixture. Glycol or a glycolwater-mixture for example
may be used as a coolant and/or lubricant in a sealing assembly as
described before. However, the liquid is not limited to glycol or a glycol-
water-mixture. Also, other liquids as for example oil may be used as a
coolant or lubricant in a sealing assembly having a liquid reservoir. Fur-
thermore, any other suitable liquid may be contained in the liquid

space, preferably forming a closed chamber or conduit.

[19] According to a further embodiment of the invention said filter
element comprises an open porous material and preferably is made
from such a material. In such a material the pores may have a design
and size such that at least a part of the liquid can pass through the filter
material such that there can be ensured a liquid exchange between
the part of the liquid space not containing the sensor and the other
part of the liquid space containing the sensor, with the filter element
arranged between these two parts or spaces. On the other side the
pores of the porous material preferably are designed and dimensioned
such that gas bubbles exceeding a certain size cannot pass through
the filter material or such that the material of the filter element at least
forms a resistance for gas bubbles such that the number of gas bubbles
or the amount of gas which can reach the sensor are reduced to pre-
vent gas bubbles from collecting on the sensor surface. As described

above the filler material may cause bubbles to stay and grow on the
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surface of the filter. When the bubbles reach a certain size they will rise

by buoyancy.

[20] According to a possible embodiment of the invention said filter
element is at least partly made from a polymer and/or a metal materi-
al, preferably comprising a sintered material. As metal material accord-
ing to a preferred embodiment bronze or stainless steel could be used.
As a polymer material for example polyethylene could be used. These
materials can form a porous structure allowing the desired filter proper-
ties. In case of metal materials this may in particular be done by sinter-
ing. However, other manufacturing methods could be used to achieve
a porous material, for example like a foam material having open pores

allowing liquid to pass through the filter material.

[21] According to a further preferred embodiment said filter element
delimits a sensor space in the interior of the liquid space, inside which
sensor space at least one sensing section of the sensor is arranged. The
sensing section is the part of the sensor element, for example the sur-
face, effecting the sensing or measurement. This means the sensing
section is the active sensing section of the sensor which actually is de-
tecting the material characteristic or material property of the liquid. The
filter element preferably is arranged such that this sensing section is
shielded with respect to the surrounding liquid space. Other parts of the
sensor, like for example a support structure, which may be affected by
the liquid without any influence on the measuring or sensing resultf, re-
spectively, may be in direct confact with the liquid inside the liquid
space. Preferably the filter element is arranged such that it is not in di-
rect contact with the sensing section of the sensor but distanced from
said sensing section so that there is an amount of liquid between the
filter element and the sensor or the sensing section, respectively. How-

ever, this amount of a liquid may be much smaller than the fotal
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amount of liquid contained in the liquid space, preferably less than 10

% of the total amount of liquid.

[22] According to a further preferred embodiment there is arranged
a venting device in the filter element. The venting device ensures that
remaining gas bubbles inside the space shielded by the filter element
can escape from this space so that an accumulation of gas bubbles
inside the filter element or a space delimited by the filter element, can
be avoided. Preferably the venting device is formed in form of a vent-
ing opening. Preferably this venting opening is arranged on the fop side
of a space delimited by the filter element and in which the sensor or at
least a sensing section of the sensor is arranged. The top side is the up-

per side in a defined operating position of the pump assembly.

[23] Preferably the filter element in a vertical upper region comprises
at least a portion or region having a larger pore size than in the other
parts of the filter element or comprises at least one hole. The region
having a larger pore size or at least one hole may serve as a venting

device as described before.

[24] According to a further preferred embodiment the filter element
forms a sleeve around the sensor and preferably is designed in a cup-
shape manner with the sensor or a sensing section of the sensor ar-
ranged in the inside of the sleeve-like or cup-shape filter element. The
sleeve-like filter element preferably may have a cylindrical shape, fur-
ther preferred having a circular cross section. The sleeve may be ar-
ranged inside the liquid space such that the liquid inside the liquid
space surrounds the sleeve over ifs entire circumference. This allows an
optimal liquid exchange through this filter element. The sensor or at
least a sensing section of the sensor is arranged in the interior of the
sleeve so that the space containing the sensing section or the sensor is

entirely surrounded by the filter element. If the filter element has a cup-
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shape one of the axial ends of the sleeve is also closed, preferably also

by the filter material.

[25] According fo a further preferred embodiment the filter element
comprises an opening at one end, preferably at one axial end. Through
this opening the sensor extends into the interior of the filter element. In
particular in case of a sleeve like filter element one axial end of the
sleeve may be an open end through which the filter element extends
into the interior of the filter element such that at least a sensing section
of the sensor is arranged in the interior of the filter element and, thus,

shielded against the surrounding liquid by said filter.

[26] According to a preferred embodiment the pump assembly is
designed as a submersible pump assembly and/or designed as a waste
water pump assembly. In those pump assemblies the liquid space pref-
erably is a liquid reservoir inside a sealing assembly between a dry-
running electric drive motor and the pump housing as described in de-
tail above. In particular in those pumps it is preferred to monitor the sta-
tus of the sealing assembly to detect malfunctions of the sealing prior to

a complete failure of the seal.

[27] According to a further embodiment the pump assembly con-
tains a control device which is connected to said sensor such that the
control device receives a sensor signal and can analyze the sensor sig-
nal. Preferably said control device is designed such that it can set at
least one control parameter depending on the sensor signal received
fromm the sensor. Preferably the confrol device is designed to set the
control parameter if the at least one material characteristic or material
property detected by said sensor reaches or exceeds a predefined
threshold. Thereby, the material property preferably is the concentra-
tion, for example the conceniration of glycol inside a glycol-water-

mixture contained in the liquid space. The threshold preferably is a min-
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imum for the glycol concentration such that entering water can be de-
tected, since due to entering water the concentration of glycol would
decrease. If the concentration reaches the predefined minimum the
control device may set the control parameter which may be used for
further control functions as to stop the pump. Alternatively, or in addi-
tion the control parameter may be an alarm signal giving an alarm
showing a user that there is a problem with the pump, for example the

seal assembly.

[28] Furthermore, the invention refers to a method for controlling a
pump assembly, preferably a pump assembly as described before. The
method according to the invention is a method for controlling a pump
assembly, wherein the pump assembly comprises at least one liquid
space in the interior, which liquid space contains a liquid or is designed
for receiving a liquid, and a sensor element as described before. For
further details of the liquid space it is referred to the description above
concerning the pump assembly. In a first step according to the inven-
tion there is arranged a sensor in said liquid space of the pump assem-
bly. Furthermore, there is arranged a filter in the interior of the liquid
space thereby shielding the sensor with respect to the surrounding lig-
vid space. In a further step of the method by use of the sensor and dur-
ing operation of the pump assembly there is detected at least one ma-
terial property of the liguid inside the liquid space. This material property
preferably is the concentration of a compound or component in the
liquid. In a further step of the method the material property or a value
corresponding fo the material property of the liquid is preferably com-
pared fo a predefined threshold. In the following a control parameter
of the pump assembly may be set in dependence on said comparison.
In particular a control parameter may be set or changed if the detect-
ed material property or a value corresponding to the material property
exceeds the predefined threshold or falls below a predefined threshold.

For further preferred features and method steps of the method accord-
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ing to the invention it is referred to the description above concerning
the pump assembly. It has to be understood that all features described
in relation to the pump assembly are also preferred features of the

method according to the invention, and vice versa.

[29] In the following a preferred embodiment of the invention is de-

scribed with reference to the accompanying figures. In these are show-

ing:

Fig. 1 a perspective view of a pump assembly according fo the
invention,

Fig. 2 a cross sectional view of the pump according to figure 1,

Fig. 3 an enlarged cross sectional view of the seal assembly of
the pump as shown in figure 2,

Fig. 4 an enlarged view of the sensor arrangement shown in fig-
ure 3,

Fig. 5 a cross sectional view of the sensor,

Fig. 6 a cross sectional view of a filter element for the sensor ac-
cording to figure 5,

Fig. 7 a cross sectional view of the sensor according to figure 5
with the filter element according to fig. 6 attached to the
sensor, and

Fig. 8 a second alternative embodiment for the filter element as

shown in figure 6.
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[30] The pump shown in figure 1 is a submersible pump which may be
used as a waste water pump. The pump comprises of a motor housing
2 connected to a pump housing 4. The motor housing 2 houses an elec-
tric drive motor for driving af least one impeller (not shown) arranged in
the pump housing 4. The pump housing 4 comprises an inlet 6 on the
bottom and an outlet 8 extending in radial direction from the outer cir-
cumference of the pump housing 4. On the axial end opposite to the
pump housing 4 there is arranged an electronics housing 10. The elec-
tronics housing 10 contains the control electronics 14 for controlling the
pump (see figure 2). In this example the control electronics 14 are elec-
tronics for collecting different sensor signals and for communication
with external control devices placed outside a well or pump pitch. The
power electronics for controlling the drive motor may be placed out-
side the pump and outside the well. However, it is also possible to ar-
range all necessary power and control electronics inside the electronics
housing. Connected to the electronics housing 10 is an electric cable

12 for power supply.

[31] Figure 2 shows a cross sectional view of the motor housing 2 with
the electronics housing 10. Inside the motor housing 2 there is arranged
a dry-running electric drive motor comprising a stator 16 and a rofor 18.
The rotor 18 is attached to a drive shaft or shaft 20 for driving an impel-
ler arranged in the pump housing 4. In the view shown in figure 2 the
pump housing 4 is omitted. The impeller would be connected to the
free axial end 22 of the shaft 20. The free end 22 extends out of the axi-
al end of the motor housing 2 opposite to the electronics housing 10.
For sealing the interior of the motor housing 2 to the outside a sealing
assembly 24 is connected to the axial end of the motor housing through

which the shaft 20 extends into the pump housing.

[32] This sealing assembly 24 comprises two shaft seals 26 and 28. The

two shaft seals 26 and 28 are distanced from one another in direction
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of the longitudinal axis X of the shaft 22. The shaft seal 26 is a primary
shaft seal arranged close to the pump housing in a separating wall 30
separating the interior of the pump housing from the interior of the seal-
ing assembly 24. This means that the primary shaft seal 26 is a shaft seal
sealing the interior of the sealing assembly 24 towards the pump hous-
ing 4. The distanced secondary shaft seal 28 is arranged towards the
interior of the motor housing 2 sealing the interior of the sealing assem-
bly 24 towards the interior of the motor housing 2. In the inferior of the
sealing assembly 24 there is formed a liquid space in form of a liquid
reservoir 32 containing a liquid as a lubricant and coolant. This liquid
preferably is glycol or a glycol-water-mixture. Thus, the liquid reservoir 32
is arranged between the two shaft seals 26 and 28 and surrounding the
drive shaft 20 as a cooling jacket. The lubricant and cooling inside the
liquid reservoir ensures lubrication and cooling of the shaft seals 26 and
28. Furthermore, the liquid inside the liquid reservoir is separating the
pump housing from the interior of the drive motor 2 preventing liquid
from the pump housing, i.e. for example the water 1o be delivered from
directly entering into the motor housing 2. In case of wear or fault of the
primary shaft seal 26 liquid, i.e. for example water may enter from the
inside of the pump housing 2 into the liquid reservoir 32. This may be

detected by a sensor 34 as described in the following.

[33] As can be seen in the enlarged view according fo figure 3 there
are arranged two sensors inside the liquid space or liquid reservoir 32.
The first sensor 34 is a concentration sensor for example in form of a ca-
pacitive sensor. The second sensor 36 is a femperature sensor. The sen-
sor 34 and the temperature sensor 36 are connected to a control de-
vice in form of an evaluation unit 38 for evaluating the sensor signals.
The evaluation unit 38 may be connected via a signal cable 40 to an
external control or an external alarm device or to the control electron-
ics 14 inside the electronics housing 10. In an alternative embodiment

the evaluation unit 38 may be arranged inside the electronics housing
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10 or according to a further preferred embodiment integrated into the
control electronics 14. The concentration sensor 34 is desighed to de-
tect the concentration of a certain compound or component inside
the liquid contained in the liquid reservoir 32. Thus, in this example the
concentration is the material property of the liquid contained in the
liquid reservoir 32. For example the concentration sensor 34 is designed
to detect the concentration of glycol inside the liquid contained in the
liquid reservoir 32, wherein the liquid preferably is glycol or a glycol-
water-mixture. For this the sensor may be a capacitive sensor whereas
a capacitance detected by the sensor 34 corresponds to a certain
concentration of the compound or component as glycol. The relation
between capacitance and concentration may be detected experi-
mentally in advance and stored in a memory inside the evaluation unit
38. Since this relation may be temperature depending also the temper-
ature influence may be detected experimentally in advance and also
be part of the data stored in the evaluation unit 38. Based on the tem-
perature detected by temperature sensor 36 and a signal from con-
cenfration sensor 34, as for example a detected capacitance, the
evaluation unit 38 may evaluate the corresponding concentration of a
certain compound like glycol on basis of the data stored in the memory

of the evaluation unit 38.

[34] In case of wear or a fault of the primary shaft seal 36 the liquid to
be delivered like water may entfer from the pump housing 4 into the
liquid reservoir 32. This results in a change of concentration of the re-
garded compound inside the liquid contained in the liquid reservoir 32.
For example the concentration of glycol in a glycol-water-mixture will
decrease. In case that the detected or evaluated concentration ex-
ceeds a predefined threshold, in particular falls below a certain mini-
mum, the evaluation unit 38 may set a control parameter or control
signal like for example an alarm signal and output this signal via the sig-

nal cable 40. This signal may cause the control electronics 14 to stop
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the pump and/or output an alarm fo the user showing that there is a

defect of the seal assembly 24.

[35] A problem with the detection of concentration may arise from
gas bubbles contained in the liquid inside the liquid reservoir 32. Such
gas bubbles may accumulate on the sensing section 42 and have an
impact on the measurement of sensor 34. This may be a problem not
only for concentration sensors like capacitive sensors but any kind of
sensors, like for example pressure sensors. To reduce the influence of
gas bubbles and fo reduce the ingress of gas bubbles towards the sen-
sor there is arranged a filter element 44 around the sensor 34, as best
shown in the enlarged view of figure 4. In this example the filter element
44 has a shape of a cylindrical sleeve with circular cross section, where-
in one axial end of the sleeve is also closed by the filter material. Thus,
the filter element 44 has a cup-like shape. The filter element 44 encloses
a portion 46 of the liquid reservoir 32 forming a sensor space. In this por-
tion 46 of the liquid reservoir the sensing section 42 of the sensor 44 is
arranged. The sensor 34 has an oblong shape and extends through the
open end of the sleeve (filter element 44) into the interior of the filter
element 44, i.e. the sensor space 46 of the liquid reservoir 32. With the
open end the filter element 44 abuts against the inner wall surrounding
the liquid reservoir 32. Thus, the filter element 44 substantially surrounds
the entire part of the sensor 34 extending into the liquid reservoir 32, i.e.
in particular the sensing section 42 of the sensor 34. By this arrangement
the filter element 44 shields the sensor 34 and in particular the sensing
section 42 with respect to the surrounding liquid space or liquid reservoir
32, respectively. Thus, a fluid exchange between the sensor space
formed by the portion 46 of the liquid reservoir and the surrounding por-
tion of the liquid reservoir is possible only by passing the filter element
44, In this case the filter element has an additional venting device in
form of a venting opening 48 arranged on the upper end (shown in

detail in figure 8). In this embodiment beside the venting hole 48 there
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are no further openings in the filter element 44 towards the surrounding
portion of the liquid reservoir 32. The filter element 44 is distanced from
the outer walls of the sensor 34 and the sensor section 42 such that the
sensor section 42 is surrounded by liquid inside the filter element 44. A
further embodiment of the filter element without venting opening is

shown in figure 6 and 7.

[36] The filter element 44 can be made from an open porous material
for example made from a polymer or a metal, or can comprise a mesh-
or net-structure. Preferably the filter material is designed such that it
substanftially has no direct or straight extending through holes. The filter
structure allows the liquid to pass through the wall of the filter element
44 ensuring a liquid exchange between the sensor space 46 in the inte-
rior of the filter element 44 and the surrounding liquid reservoir 32. By this
it can be ensured that the liquid inside the filter element 44 has the
same material properties as the liquid surrounding the filter element 44
on the outside. In particular the concentration of the compound 1o be
detected, preferably the concentration of glycol inside and outside the

filter element 44 is substantially the same.

[37] The filter element shields the sensor section 42 such that the
amount of gas bubbles reaching the sensor 34 or the sensor section 42
can be decreased, in particular by decreasing the ingress of gas bub-
bles info the interior of the filter element 44. This can be achieved by
two effects of the open porous material of the filter element 44. First of
all the size of the pores of the filter element 44 may be designed such
that gas bubbles exceeding a certain diameter are hindered from
passing through the wall of the filter element 44, whereas the liquid
preferably can freely pass the filter element 44. This means preferably
the filter element is permeable for the liquid, but has a reduced per-
meability for gas bubbles above a certain size. Thus, gas bubbles will

collect on the outside of the sleeve-like filter element 44 and drive up-
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wards by buoyancy. A second effect which may be achieved by the
filter is that a fluid flow passing through the porous material of the filter is
slowed down and becomes more laminar with a uniform velocity pro-
file. This leads to less bubble dynamics. As a result the bubbles become
more stable and collision and coalescence takes places easier. The
effect of buoyancy force will be elevated which causes bubbles to rise.
By this the bubbles will rise toward the upper inner surface of the sleeve
forming the filter element 44. Thus, gas bubbles will collect below the
upper surface of the filter element 44 and leave the filter element
through the venting hole 48. By this the gas bubbles are prevented from
accumulating on the surface of the sensor 34, in particular the sensing
section 42. As menftioned before the gas bubbles may collect on the
outside of the filter and grow on the outside of the filter until they rise

due to buoyancy.

[38] Figures 5 to 8 are showing a possible design of the sleeve-like fil-
ter element 44 and the sensor 34. The sensor 34 may have a thread 50
on the outside of a support structure. The porous filter 44 with its open
end is connected to a tubular support sleeve 52. As can be seen in fig-
ure 7 the sensor 34 is inserted into the cup-shaped filter element 44
through the support sleeve 52 at its open end. Thereby the thread 50
engages with the inner circumference of the support sleeve 52 which
may be provided with a corresponding thread (not shown). In an alter-
afive solution there may be a press-fit or any other suitable connection
between the inner wall of the support sleeve 52 and the outer wall of
the sensor 34 in the region of the thread 50. The support sleeve 52 on its
outer circumference is provided with a further thread 54 by which the
support sleeve 52 may be screwed intfo a through hole opening 56 in

the wall delimiting the liquid reservoir 32.
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List of reference numerals

motor housing

pump housing

inlet

outlet

electronics housing
electronic cable

conftrol electronics

stator

rotor

shaft

free end

sealing assembly

shaft seals

separating wall

liquid reservoir

sensor, concentration sensor
temperature sensor
evaluation unit, control device
signal cable

sensing section

filter element
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portion of the liquid reservoir, sensor space

venting hole, venting opening
thread

support sleeve

thread

opening

longitudinal/rotational axis of the shaft
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Claims

A pump assembly with at least one liquid space (32) in the interior,
said liquid space (32) containing a liquid or being designed for re-
ceiving a liquid, wherein a sensor (34, 42) is arranged in the liquid
space (32) which sensor is designed to detect at least one materi-
al property of the liquid located in the liquid space (32), wherein a
filter element (44) is arranged in the interior of the liquid space (32)
in a manner such that it shields the sensor (34, 42) with respect to
the surrounding liquid space (32), the filter element (44) being

permeable to the liquid.

A pump assembly according to claim 1, wherein said sensor (34,
42) is arranged inside said liquid space such that it is submerged

into the liquid contained in the liguid space.

A pump assembly according to claim 1 or 2, wherein the filter el-
ement (44) is designed such that it decreases the ingress of gas

bubbles towards the sensor (34, 42).

A pump assembly according to one of the preceding claims,
wherein the filter element (44) is designed such that there is no

pressure difference across the filter element (44).

A pump assembly according to one of the preceding claims,
wherein the sensor (34) is a concentration sensor which is designed
to detect the concentration of a component in the liquid which is
located in the liquid space (32), wherein the concentration sensor
(34) is preferably designed for detecting a concentration of glycol

in the liquid.
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A pump assembly according to one or more of the preceding
claims, wherein the sensor (34) comprises an ulfrasound sensor

and/or a capacitance sensor and/or an optical sensor.

A pump assembly according to one or more of the preceding
claims, wherein the liquid space forms at least a part of a flow

path for a fluid which is to be delivered by the pump assembly.

A pump assembly according to one or more of the preceding

claims, wherein the liquid space (32) is a closed cavity.

A pump assembly according to one or more of the preceding
claims, wherein the liquid space (32) is part of a sealing assembly
(24) and preferably forming a cooling jacket of the sealing assem-

bly (24).

A pump assembly according to one or more of the preceding
claims, wherein the liquid space (32) is part of a sealing assembly
(24) arranged between an electric drive motor (2) and a pump
housing (4), wherein the sealing assembly (24) comprises two shaft
seals (26, 28) and said liquid chamber (32) forms a liquid reservoir

(32) arranged between these two shaft seals (26, 28).

A pump assembly according to one or more of the preceding
claims, wherein the liquid space (32) is a liquid reservoir which

preferably contains glycol or a glycol-water mixture.

A pump assembly according to one or more of the preceding
claims, wherein the filter element (44) comprises an open porous

material.
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A pump assembly according to one or more of the preceding
claims, wherein the filter element (44) is at least partly made from
a polymer and/or metal material, preferably comprising a sintered

metal.

A pump assembly according to one or more of the preceding
claims, wherein the filter element (44) delimits a sensor space (46)
in the inside of the liquid space (32), in the inside of which sensor
space (46) at least one sensing section (42) of the sensor (34) is ar-

ranged.

A pump assembly according to one or more of the preceding
claims, wherein a venting device, preferably in the form of a vent-

ing opening (48), is aranged in the filter element (44).

A pump assembly according to one of the preceding claims,
wherein the filter element (44) in its vertical upper region comprises

at least a region having a larger pore size or at least one hole.

A pump assembly according to one or more of the preceding
claims, wherein the filter element (44) forms a sleeve around the
sensor (34, 42) and preferably has a cup-like shape with a sensing
section of the sensor (34, 42) arranged in the inside of the cup-like

filter element (44).

A pump assembly according to one or more of the preceding
claims, wherein the filter element (44) comprises an opening at
one end, through which opening the sensor (34, 42) extends into

the interior of the filter element (44).
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A pump assembly according to one or more of the preceding
claims, wherein the pump assembly is designed as a submersible
pump assembly and/or designed as a waste water pump assem-

bly.

A pump assembly according to one or more of the preceding
claims, further comprising a control device (38) connected to said
sensor (34), said control device (38) being designed to set a con-
trol parameter if the at least one characteristic detected by said
sensor (34) and preferably a concentration detected by said sen-

sor (34) reaches a predefined threshold.

A method of controlling a pump assembly, wherein the pump as-
sembly comprises at least one liquid space (32) in the interior,
which liquid space contains a liquid or is designed for receiving a
liquid,

the method comprising

- arranging a sensor in the liquid space of the pump assembly;

- arranging a filter in the interior of the liquid space thereby shield-
ing the sensor with respect to the surrounding liquid space;

- detecting with the sensor and during operation of the pump as-
sembly at least one material property of the liquid in the liquid
space preferably a concentration of component in the liquid;

- comparing the material property of the liquid to a predefined
threshold, and

- setting a conftrol parameter of the pump assembly in depend-

ence on said comparison.
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