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METHOD FOR MONITORING A SLIP-RING SEAL ASSEMBLY, AND SLIP-RING SEAL
ASSEMBLY

Description

The present invention relates to a method of monitoring a mechanical seal arrangement based
on test bench data and operational data of an individual mechanical seal arrangement, as well
as a mechanical seal arrangement with a computer unit for performing the method and a

machine, in particular a compressor, having such mechanical seal arrangement.

Mechanical seal arrangements are known from prior art in various designs. Mechanical seal
arrangements are intended to perform important sealing functions in a wide variety of machines
and devices, and in particular to seal off media that are critical to the environment. Reliable
sealing is therefore essential over the service life of the mechanical seal arrangement. It should
be possible to monitor the mechanical seal arrangement and, in particular, to detect any failure
of the mechanical seal arrangement at an early stage and to take appropriate
countermeasures, for example shortening a maintenance interval or the like, if required. It is
known, for example, to install temperature sensors as close as possible to the sliding rings of
the mechanical seal arrangement to monitor the temperature of the mechanical seal
components. When critical temperatures are reached, this may indicate that the mechanical
seal arrangement may have a technical problem. One set of problems in this respect, however,
relates to the fact that mechanical seal arrangements frequently are not mass-produced
components, but are individually designed for the respective application, both in terms of
geometry (e.g., diameter of the sliding rings) and with regard to the most varying conditions of
use (e.g., pressures, temperatures, most different media). Therefore, solely performing a
general temperature monitoring of the mechanical seal arrangement is not always sufficient to

make meaningful assessments of the condition of the mechanical seal arrangement.

It is therefore the object of the present invention to provide a method of monitoring a mechanical
seal arrangement, as well as a mechanical seal arrangement and a machine, which enables
improved monitoring of the mechanical seal arrangement while being simple in design and

inexpensive in manufacture.

This object will be achieved by providing a method having the features of claim 1, a mechanical
seal arrangement having the features of claim 12, and a machine having the features of claim

15. The respective subclaims show preferred further embodiments of the inventions.

The method according to the invention for monitoring a mechanical seal arrangement having
the features of claim 1 has the advantage that an exact and individual monitoring of individual
mechanical seal arrangements is possible. This significantly improves the informative value of

data individually recorded for a respective mechanical seal arrangement. According to the
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invention, individual data are thus used for monitoring for each individual mechanical seal
arrangement. According to the invention, this will be achieved by individually putting the
mechanical seal arrangement into operation on a test bench prior to actual operation in a
sealing system, and thereby recording test bench data which are defined as the nominal data.
Thus, individual nominal data of an individual mechanical seal arrangement can be generated
on the test bench. Subsequently, the mechanical seal arrangement tested in this way is
installed in a sealing system, and then operational data of this installed individual mechanical
seal arrangement are recorded in the sealing system in the installed state, with the recorded
data being defined as the actual data. Then, a nominal-actual comparison of the nominal data
with the actual data is performed to monitor the mechanical seal arrangement. Thus, it is
possible to obtain specific individual data for every single mechanical seal arrangement, and
thus to define individual threshold values and/or other data indicating any potential failure or

problem of the individual mechanical seal arrangement.

Test bench data and/or operational data for the individual mechanical seal arrangement may
include, for example, temperature, pressure, leakage, speed, clearance height, vibration,
and/or structure-borne noise. Additionally, environmental data, such as temperature of the
medium to be sealed, ambient temperature, pressure of the medium to be sealed, type of

medium to be sealed, or the like, may also be included in the monitoring.

Thus, using the method according to the invention, specific evaluation of the monitoring
procedure of the mechanical seal arrangement can be performed with the highest accuracy
within a very short time. In particular, the monitoring procedure is not very computationally
elaborate, so that real-time monitoring is possible without long computation times. In particular,
the comparison of nominal and actual data can be performed at any operating point of the

present mechanical seal arrangement.

Preferably, the method according to the invention is intended to take countermeasures and/or
issue a warning if any deviation is detected between the nominal data and the actual data that
exceed a predetermined threshold value. As countermeasures, for example, a rotational speed
of the mechanical seal arrangement can be reduced or increased cooling can be performed,
for example by increasing a flow rate of a barrier fluid. Furthermore, a pressure of the medium

and/or a pressure of the supply medium can also be changed.

Further preferably, the actual data in a digital twin of the installed individual mechanical seal
arrangement is used to perform a simulation of the individual mechanical seal arrangement in
the digital twin. The digital twin forms a digital image of the real mechanical seal arrangement
to be monitored. The digital twin is based on mathematical calculation methods and individual

geometric and physical variables of the mechanical seal arrangement and performs a
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simulation based on the acquired individual operational data and/or the acquired individual

environmental data, and/or on operational data and/or environmental data from the past.

Preferably, the simulation data generated in the digital twin is compared with the nominal data

of the test bench.

Further preferably, additional individual nominal data and/or actual data of mechanical seal
arrangements of the same series as the mechanical seal arrangement to be monitored are
used for the simulation in the digital twin. This allows a data pool for monitoring to be

significantly enlarged, thus achieving even better results with regard to monitoring.

Preferably, when the operational data of the individual mechanical seal arrangement is
recorded on the test bench, the nominal data is only selectively recorded for different operating
states of the mechanical seal arrangement. The intermediate data which are in the range
between the selectively acquired operating states is then determined using interpolation. Thus,
a complete nominal data set of the nominal data can be obtained on the test bench within a
short measurement time. In in the installed state of the individual mechanical seal arrangement,
monitoring will then be allowed at any desired operating point of the mechanical seal

arrangement.

Most preferably, during simulation of the individual mechanical seal arrangement in the digital
twin, a leakage value of the mechanical seal arrangement is determined and used as a
controller variable for controlling the mechanical seal arrangement in the sealing system. If the
individual leakage of the mechanical seal arrangement rises above a predetermined leakage
threshold, for example, this is an indication of a potential problem. The individual leakage

threshold is individually determined for each mechanical seal arrangement.

Further preferably, the nominal data recorded on the test bench is adjusted over time using
actual data from the past. This makes it possible for the comparison of nominal and actual data

to also consider a certain amount of wear of the mechanical seal arrangement over time.

Preferably, the recorded operational data of the individual mechanical seal are selected from
data on temperature, pressure, speed, leakage across the mechanical seal, gap height of the
mechanical seal, vibration at the sliding rings of the mechanical seal, structure-borne noise,
surface noise, stresses and/or deformations of the sliding rings, occurrence of contacts at the

sliding surfaces of the sliding rings and/or wear at the sliding rings of the mechanical seal.

Preferably, the digital twin is configured as a learning system, so that the digital twin is
continuously adapted and updated on the basis of experience in operating the individual
mechanical seal arrangement and/or additionally on the basis of experience in operating other

mechanical seal arrangements of the same design.
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Further preferably, the computer unit feeds a comparison result of the comparison of the
nominal data with the actual data to a machine control system. The machine controller is
configured to control a machine, in particular a compressor. The machine controller transmits
control commands to the machine based on the comparison result of the target/actual
comparison. In this way, for example, a rotational speed of the machine can be adjusted,
whereby a rotational speed of the mechanical seal arrangement is automatically adjusted, since
the mechanical seal arrangement with the rotating sliding ring is arranged on a shaft of the
machine. As a result, for example, a pressure in the product area on which the mechanical seal
arrangement seals can be changed so that sealing parameters of the mechanical seal
arrangement will be changed accordingly. For example, when the machine speed is reduced,
heat input into the mechanical seal arrangement can be reduced by simultaneously reducing

the speed at the mechanical seal arrangement.

According to another preferred embodiment of the invention, the mechanical seal arrangement
comprises a supply system which feeds the mechanical seal with a barrier fluid. In this context,
the machine control system is configured to issue control commands to the supply system
based on the comparison result of the nominal data from the test bench with the actual data of
the mechanical seal arrangement. For example, control commands to the supply system can
be provided such that a temperature of the barrier fluid, a pressure of the barrier fluid and/or a
volume flow of the barrier fluid will be changed. The supply system preferably comprises a
heating device and/or a cooling device as well as its own circulation device, for example its own

compressor, so as to change a pressure and/or a mass flow of the barrier fluid.

Most preferably, measured data obtained from the supply system is transmitted to the machine
control system, with the machine control system being configured to issue control commands
based on the supply system and/or the machine. For example, measured data concerning a
state of the barrier fluid supplied to the mechanical seal and/or a state of the barrier fluid
returned from the mechanical seal can be recorded and transmitted to the machine control
system. Measured data may include, for example, a temperature of the barrier fluid, a pressure
of the barrier fluid, a mass flow rate of the barrier fluid, and a contamination of the recirculated
barrier fluid. Furthermore, the present invention relates to a mechanical seal arrangement
comprising a mechanical seal having a rotating sliding ring and a stationary sliding ring, which
define a sealing gap between their sliding surfaces. In this regard, the mechanical seal
arrangement comprises a plurality of sensors for sensing various operational data and/or
environmental data of the mechanical seal. Furthermore, the mechanical seal arrangement
comprises a computer unit which is configured to perform a comparison of the individual

nominal data with the individual actual data transmitted to the computer unit.
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Preferably, the computer unit comprises a digital twin of the individual mechanical seal
arrangement, wherein the computer unit is configured to simulate an operation of the real
mechanical seal arrangement on the digital twin based on the acquired operational data and/or
environmental data and already existing individual data of the mechanical seal arrangement
and/or data of mechanical seal arrangements of the same design. This may enable real-time

accurate monitoring of the mechanical seal arrangement.

Further preferably, the computer unit is configured to acquire nominal data on the test bench
at a plurality of individual control points and to perform interpolation of the data between the
adjacent control points to determine continuous data sets of the nominal data. This allows
acquisition of nominal data on the test bench to be performed in the shortest possible time and

also to reduce the computing power required for the computer unit.

Further preferably, the computer unit is configured to use additional individual nominal data
and/or actual data of mechanical seal arrangements originating from the same production
series as the mechanical seal arrangement which is to be monitored, for the simulation. This
makes it possible to improve accuracy of the monitoring and, in particular, to enable statements
to be made regarding any future probability of failure of the mechanical seal arrangement, in

particular on the basis of monitoring the leakage value of the individual mechanical seal.

Preferably, the mechanical seal arrangement according to the invention is a gas-lubricated

mechanical seal arrangement and is further preferably used in a compressor.

Furthermore, the present invention relates to a machine, in particular a compressor, comprising
a mechanical seal arrangement according to the invention and a machine controller which is
configured to control the machine and/or a supply system of the mechanical seal. Most
preferably, in this context, the machine control system is configured to process the supply
system based on measured data of the supply system, in particular pressure, temperature,
mass flow of the barrier fluid of the supply system and/or contamination of the recirculated

barrier fluid, and to issue appropriate control commands.

In the following, preferred examples embodiments of the invention will be described in detail

while making reference to the accompanying drawing, wherein:

Fig. 1 is a schematic representation showing a method of performing the process and a
mechanical seal arrangement according to a first preferred example embodiment

of the invention, and

Fig. 2 is a schematic representation showing a method and a mechanical seal
arrangement as well as a machine according to a second example embodiment of

the invention.
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Referring now to Figure 1, a method of monitoring a mechanical seal arrangement 1 and a
mechanical seal arrangement 1, which can be monitored using the method according to the
invention, are described in detail below according to a first example embodiment. Figure 1
schematically shows how the method of monitoring the mechanical seal arrangement 1 is

performed, as well as details of the mechanical seal arrangement 1.

The mechanical seal arrangement 1 comprises a mechanical seal 2 with a rotating sliding ring
3 arranged on a stationary sliding ring 4. A sealing gap 5 is defined between the two sealing

surfaces of the rotating and stationary sliding rings 3, 4.

The mechanical seal 2 seals off a product region 8 from an atmosphere region 9 on a shaft 6.
The reference number 7 designates a housing of the mechanical seal arrangement 1 on which

the stationary sliding ring 4 is arranged.

Also integrated in the mechanical seal arrangement 1 are several sensors 10, which are shown
schematically in Figure 1. The sensors 10 can be arranged in or on the housing and can also
be arranged on the stationary and/or rotating sliding ring 3, 4. Sensors can also be positioned
on the shaft 6.

The sensors 10 are configured to detect different operating parameters such as, for example,
temperature, pressure, speed, leakage of the mechanical seal, gap height at the sealing gap
5, vibration at the sliding rings 3, 4, structure-borne noise, surface noise, stresses and/or
deformations of the sliding rings 3, 4, contacts at the sliding surfaces of the sliding rings and/or

wear at the sliding rings 3, 4 and to define these as operational data.

The reference number 11 designates a test bench, which is usually located at the manufacturer
of the mechanical seal arrangement. An individual mechanical seal arrangement 1 is thereby
tested on the test bench after its manufacture and operational data is recorded at several
different operating points by means of the sensors 10 and, if necessary, further sensors
arranged on the test bench. This operational data obtained on the test bench 11 are then

defined as the nominal data of this individual mechanical seal arrangement 1.

The nominal data are stored in a computer unit 13 in a memory 14. In addition, the computer
unit 13 is configured to process the operational data acquired at several operating points such
that interpolation of operational data between two measured operating points can be realized.
This is performed for all operating parameters acquired, so that a plurality of nominal data sets

for different operating parameters are available as the nominal values.

The computer unit 13 furthermore comprises a comparator 15 and a digital twin 16. The digital
twin 16 is a digital image of the individual mechanical seal arrangement 1 in a sealing system

12, in which the individual mechanical seal 1 is later installed in an application.
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After the operational data has been recorded on the test bench 11, the individual mechanical

seal arrangement 1 is then installed in the sealing system 12, in particular in a compressor.

During operation in the sealing system 12, actual data 18 are then recorded at different
operating points of the mechanical seal 1 and transmitted to the computer unit 13. Thus, the
operational data determined in the sealing system 12 at the customer's site during operation

form the actual data 18.

The nominal data 17 and the actual data 18 are then compared with each other in the
comparator 15 of the computer unit 13. Moreover, the nominal data 17 and the actual data 18
are transferred to the digital twin 16, where operation of the mechanical seal arrangement 1 is

simulated.

The computer unit 13 is also configured to issue operating commands 19 to the sealing system
12, if required, to initiate appropriate countermeasures in the event of detecting a critical
operating state, for example increased cooling by increasing the speed of a coolant pump or

the like, or reducing a speed of the shaft 6, to avoid capital damage to the mechanical seal 2.

In this context, the digital twin 16 is preferably designed as a learning system and can thus also
process an increasing number of actual data as the operating time of the mechanical seal
arrangement 1 increases, which also enables, for example, a trend analysis of different
operational data of the mechanical seal arrangement 1 in the sealing system 12 over time. This
allows, for example, early detection of when a problem is developing and appropriate

countermeasures can then be taken.

It should be noted that it is also possible for the computer unit 13 to additionally use external
data from other mechanical seal arrangements of the same design which, for example, have
different diameters or are used under different operating conditions and environmental

conditions, e.qg. different pressures and/or temperatures, and/or different media.

Thus, the invention enables real-time seal monitoring to be performed using a nominal/actual
comparison, thereby ensuring proper operation of the mechanical seal arrangement 1. In this
context, a comparison can be performed between the test bench data, the simulation data and
also the actual data of the mechanical seal and, if necessary, appropriate measures can be
taken. A leakage of the mechanical seal 2 above the sealing gap 5 is preferably used as the
control variable, since in most applications it must be prevented that the medium from the
product region 8 can escape into the atmosphere in the atmosphere region 9. Since a
comparison of the test bench data of the individual mechanical seal arrangement 1 with the
actual data of this mechanical seal arrangement 1 in the application area of the sealing system

12 is made possible, and no comparison of the actual data with theoretical data determined,
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for example, during a design of the mechanical seal arrangement 1 is possible, a much more
accurate and faster monitoring of the mechanical seal arrangement 1 can be realized. In
addition, still further monitoring can be performed using the simulation data from the digital twin
16. In this case, monitoring can be performed with minor computational effort and in a very

short time, so that countermeasures can also be initiated quickly if necessary.

Fig. 2 shows a method, a mechanical seal arrangement 1 and a machine 121 having a sealing
system 12 according to a second example embodiment of the invention. Equal or functionally
equal parts are designated with the same reference numbers as in the first example
embodiment. For the sake of clarity, the test bench 11 from which the test bench data 17
(nominal data) are transmitted to the computer unit 13 is not shown in Fig. 2, but is of course

present.

In this example embodiment, the mechanical seal arrangement 1 additionally comprises a
supply system 20 for the mechanical seal 2, which supplies a barrier fluid 21 to the mechanical
seal 2. A return flow 22 of the barrier fluid is directed from the mechanical seal 2 back to the
supply system 20. The supply system typically comprises a plurality of devices, for example for
cleaning the barrier fluid 21, for heating or for cooling the barrier fluid, and a conveying unit for

conveying the barrier fluid to the mechanical seal arrangement 1.

Furthermore, in the second example embodiment, a machine controller 23 is provided, which
is configured to generate control data 252 and to control the machine 121, which for example
is a compressor. The machine controller 23 is further configured to also feed control data 251
to the supply system 20 to control the supply system. This can be used, for example, to adjust
a temperature of the barrier fluid, a pressure of the barrier fluid, and/or a mass flow rate of the

barrier fluid.

As may further be seen from Fig. 2, the computer unit 13 is configured, in addition to
transmitting operating commands and/or retransmitted data to the machine 121 and in
particular to the mechanical seal arrangement 1, also to feed comparison data directly to the

machine control 23. This is shown in Fig. 2 by the arrow 192.

Thus, a comparison result of the comparison of the nominal data 17 with the actual data 18,
which is performed in the computer unit 13, is to be transmitted to the machine control 23. In
this respect, the machine control unit 23 is configured to transmit control commands 252 to the
machine 121 based on the comparison result. Herein, in particular, a rotational speed of the
machine 121 can be controlled. Since the mechanical seal arrangement 1 is configured on the

same shaft 6 as the machine 121, a speed control also directly impacts the mechanical seal 2.
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Furthermore, the machine control 23 is configured to transmit control commands 251 to the
supply system 20, based on the comparison result. Thus, for example, a temperature, a

pressure and/or a mass flow of the barrier fluid 21 can be adjusted at the supply system 20.

As may be further seen from Fig. 2, measured data 24, which is taken from the supply circuit
of the supply system 20, is also supplied to the machine control 23. Such measured data may
be, for example, a pressure of the barrier fluid, a temperature of the barrier fluid, a mass flow
rate of the barrier fluid, and/or a degree of contamination of the barrier fluid. Accordingly, the
machine controller 23 may then directly transmit control data 251 to the supply system 20 to
prevent failure of the mechanical seal 2. Preferably, it is also possible for the machine control
system 23 to also transmit control data 252 to the machine 121 based on the measured data
24, in particular for controlling a speed of the machine, and to control the machine 121

accordingly.

Typically, the machine control 23 and the supply system 20 are arranged at a user of the
mechanical seal arrangement 1. However, as schematically shown in Fig. 2, it is also
conceivable that the comparison results can be transmitted to a cloud 27, i.e., a region outside
an operating region of the user of the mechanical seal arrangement (arrow 193). The data can
then be used by the cloud 27, for example, to a machine operator 26 who can generate control
commands 195 to the machine controller manually using a computer 261. Alternatively, the
comparison results from the cloud 27 can be transmitted directly to the machine control 23

(arrow 194) and processed in the machine control 23.

In other respects, this example embodiment corresponds to the preceding example

embodiment, so that reference can be made to the description given therein.

In addition to the foregoing written description of the invention, explicit reference is hereby
made to the graphic representation of the invention in Figs. 1 and 2 for supplementary

disclosure thereof.
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Lit of reference numbers

1 Mechanical seal arrangement
2 Mechanical seal

3 Rotating sliding ring
4 Stationary sliding ring
5 Sealing gap

6 Shaft

7 Housing

8 Product area

9 Atmosphere region
10 Sensors

11 Test bench

12 Sealing system

13 Computer unit

14 Memory

15 comparator

16 digital twin

17 Nominal data

18 Actual data

19 Operating commands/retransmitted data

20 Supply system

21 Barrier fluid (supply)

22 Return flow of barrier fluid
23 Machine control

24 Measured data

26 Machine operator

27 Cloud

121 Machine / compressor

192 Transfer of comparison results from computer unit 13 to machine control 23
193 Transfer of comparison results from computer unit 13 to cloud 27

194 Transfer of comparison results from cloud 27 to machine control 23

195 Control commands entered by the machine operator for the machine control 23
251 Control data to the supply system

252 Control data to the machine

261 Computer of the machine operator
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Claims

1.

A method of monitoring a mechanical seal arrangement (1) comprising the steps of:

— acquiring operational data of an individual mechanical seal arrangement (1) on
a test bench (11), the acquired operational data being defined as the nominal
data (17)

— mounting the individual mechanical seal arrangement (1) into a sealing system
(12),

— acquiring operational data of the individual mechanical seal arrangement (1) in
the state installed in the sealing system (12), the acquired operational data being
defined as the actual data (18), and

— comparing the nominal data (17) with the actual data (18).

The method according to claim 1, wherein upon detection of any deviation between
the nominal data (17) and the actual data (18) that are above a predetermined

threshold value, a warning is issued and/or initiation of countermeasures is performed.

The method according to any one of the preceding claims, wherein the actual data
(18) are used in a digital twin (16), which is a digital image of the mechanical seal
arrangement (1) incorporated in the sealing system (12), to perform simulation of the

mechanical seal arrangement (1) on the digital twin (16).

The method according to claim 3, wherein the simulation data generated in the digital

twin (16) are compared with the nominal data (17).

The method according to claim 3 or 4, wherein for the simulation in the digital twin (16)
additionally further nominal data and/or actual data of other mechanical seal
arrangements belonging to the same production series as the individual, monitored

mechanical seal arrangement (1) are used.

The method according to one of the preceding claims, wherein, in the step of acquiring
the operational data of the individual mechanical seal arrangement (1) on the test
bench (11), nominal data (17) are acquired only selectively for different operating
states on the test bench (11) and intermediate data in the range between the individual
selectively acquired operational data are determined using interpolation to generate a

complete set of nominal data.
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10.

11.

12.

12

Method according to one of the claims 3 to 6, wherein a leakage value of the
mechanical seal arrangement (1) is determined during the simulation in the digital twin
(16) and is used as a controller variable for controlling the individual mechanical seal

arrangement (1) in the sealing system (12).

The method according to one of the preceding claims, wherein monitoring the
mechanical seal arrangement (1) is performed in real time and/or wherein a trend

analysis is performed using all data acquired over time.

The method according to one of the preceding claims, wherein a comparison result of
the comparison of the nominal data (17) with actual data (18) is fed to a machine
controller (23), wherein the machine controller (23) is configured to determine and

transmit control commands (252) to a machine (121) based on the comparison result.

The method according to claim 9, wherein the machine controller (23) is further
configured to determine and transmit control commands (251) to a supply system (20)
that supplies the mechanical seal (2) with a barrier fluid (21) based on the comparison

result.

The method according to claim 10, wherein measured data (24) of the supply system
(20) are transferred to the machine controller (23), wherein the machine controller (23)
is configured to issue control commands to the machine (121) and/or to the supply

system (20) based on the measured data (24).

A mechanical seal arrangement (1), comprising:

— a mechanical seal (2) having a rotating sliding ring (3) and a stationary sliding
ring (4) defining a sealing gap (5) between their sliding surfaces and having a
plurality of sensors (10), the sensors (10) being configured to detect various
operational data and/or environmental data of the mechanical seal
arrangement (1) in the sealing system (12) as the actual data (18), and

— a computer unit (13) including a memory (14) in which individual operational
data of the mechanical seal arrangement (1), which were recorded on a test
bench, are stored as the nominal data (17),

— wherein the computer unit (13) is configured to perform comparison of the
nominal data (17) with the actual data (18).
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13. The mechanical seal arrangement (1) according to claim 12, wherein the computer

unit (13) further comprises a digital twin (16) of the mechanical seal arrangement (1),

wherein the digital twin (16) is configured to simulate an operation of the mechanical

seal arrangement (1) based on actual data (18) of the mechanical seal arrangement

(1).

14. The mechanical seal arrangement (1) according to claim 12 or 13,

wherein the nominal data (17) of the mechanical seal arrangement (1) recorded
on the test bench (11) are a plurality of individual control points, and the
computer unit (13) is configured to perform an interpolation between adjacent
control points to generate respective nominal data sets of operational data
recorded on the test bench, and/or

wherein the computer unit (13) is configured to perform a comparison of the
simulation data of the digital twin (16) with the nominal data (17) and/or the
actual data (18) and/or to issue operating commands (19) to the mechanical

seal arrangement (1) in the sealing system (12).

15. A machine, in particular a compressor, comprising

a mechanical seal arrangement according to one of the claims 12 to 14 and
a machine controller (23) configured to issue control commands to the
machine (121) and/or to a supply system (20) for supplying barrier fluid (21)

to the mechanical seal (2).



