A filtering method for filtering a fluid and to a filter device for filtering a fluid

Description

The invention relates to a filtering method for filtering a fluid and to a filter device for

filtering a fluid.

Normally, filter residues settle at the entry side of the filter applied for filtration, when
filtering fluids and these residues thus continuously reduce the filtering capability of the filter.
Inasmuch as this is concerned, it is necessary to free the applied filter from filter residues at
certain intervals, in particular during a filtering process continuing for a longer period of time.
For this purpose, the filters are usually back-flushed with fluid. This back-flushing typically
reduces the efficiency of the filtering process, which is particularly the case if a part of the

permeate which is produced with the filtration is used for back-flushing the filter.

It is known to admix special pre-treatment agents to the fluid to be filtered, at the entry
side of the filter, in order to be able to simplify the release of deposits adhering to the filter when
back-flushing, wherein these pre-treatment agents in the fluid effect a precipitation of substances
dissolved in the fluid and/or a flocculation of colloidal constituents of the fluid which is to say

reduce the binding of the filter residues on the filter.

Different procedural manners are common for metering such pre-treatment agents. A
known method lies in admixing a constant flow of pre-treatment agent to the fluid to be filtered.
With another known method, the pre-treatment agent is added to the fluid to be filtered such that
the concentration of this agent in the fluid to be filtered is kept constant during the complete
filtering process. Both methods however have the disadvantage that they have been found to be
ineffective if the degree of contamination of the fluid to be filtered changes during the filtration

process.

A further approach for metering the pre-treatment agent lies in providing a type of closed
control loop and detecting parameters relating to the quality of the fluid to be filtered, by way of
sensors. This procedural manner, although representing a certain improvement compared to the
provision of a constant quantity or concentration of the pre-treatment agent, however this
measure too has been found to be ineffective, since the constraints before and on filtration as a
whole cannot be acquired in their entirety by this measure.

Against this background, it is the object of the invention, to provide a filtering method
and a filter device for filtering a fluid, with which a significantly more efficient filtering process

can be realised.



The part of this object with regard to the method is achieved by a filtering method with
the features specified in claim 1, whereas a filter device with the features specified in claim 17 is
suggested for solving the part of this object with regard to the device. Advantageous further
developments of the filtering method according to claim 1 and of the filter device according to
claim 17 are to be deduced from the respective dependent claims, the subsequent description as

well as from the attached drawings.

With regard to the filtering method according to the invention, which for example can
serve for recycling or reprocessing waste-water or for treating drinking water, a membrane filter
is preferably used as a filter. The fluid to be filtered is led to and through the filter preferably by
way of at least one pump. Hereby, a rule, filter residues are held back at the entry side of the
filter and these at least partly adhere to the entry side of the filter. The filter is back-flushed at
predetermined intervals with a fluid and preferably with a part of the permeate produced on
filtration, in order to remove at least a predominant part of these filter residues from the filter.
With respect to intervals at which the filter is back-flushed it has to be remarked that these
intervals may be regular time intervals or may be predetermined by a maximum differential
pressure across the filter. Moreover, a pre-treatment agent is led to the fluid to be filtered, at the
entry side of the filter, preferably via a metering pump. Agents which at the entry side of the
filter effect a precipitation or flocculation of substances contained in the fluid and/or which
above all prevent a binding of the filter residues on the entry side of the filter can be applied as

pre-treatment agents.

The filtering method according to the invention, in comparison to filtering methods for
the filtration of fluids which have been known until now, is characterised by a new type of
metering of the pre-treatment means, which effects a significant increase of the efficiency of the
filtering process. In this context, what is essential to the invention is the fact that a process
variable describing the efficiency of the filtration is computed in a continuous manner during the
filtration, and a metering quantity of the pre-treatment agent is newly adjusted in predefined
intervals, on the basis of the values for the process variable or a characteristic value which is
derived therefrom. Hereby, basically any process variable which changes during the filtering
process and reflects the filtration capability of the complete filter device used for filtration of the
fluid, said capability changing during the filtering process, and which behaves essentially
proportionally to the deposition or sedimentation degree at the entry side of the filter, can be used
as a process variable. Inasmuch as this is concerned, the values of the process variable or of a
characteristic value derived from this and which are computed during the filtering process
continuously provide information as to how successfully a certain metering quantity of pre-
treatment agent in combination with the back-flushing of the filter affects the filtration process as
a whole. Inasmuch as this is concerned, with the knowledge of the process variable, it is possible

to adapt the metering quantity of pre-treatment agent to the development of process variable or of



the characteristic value derived therefrom, in defined intervals, and to set the metering quantity in

a manner such that an optimal as possible efficiency of the filtering process results.

The computation of the process variable describing the efficiency of the filtering process
and which is carried out continuously during the complete filtering process, according to the
invention is preferably effected in manner such that the filtration process is divided in to several
consecutive filtering cycles which each begin with a back-flushing of the filter and end before
the beginning of the next back-flushing, and a stored process variable is stored for each filtering
cycle at a predetermined time of the filtering cycle. Le., a stored value for the process variable
and which results from several computations of the process variable continuously carried out
during the filtering cycle and which reflects the magnitude of the process valuable at the end of
the filtering cycle, thus directly before the back-flushing of the subsequent cycle, is computed for
each filtering cycle. A trend which provides information as to how successful the supply of the
pre-treatment agent affected to efficiency of the filtering process can be derived from these

stored end-values of the process variable of several consecutive filtering cycles.

The new setting of the metering quantity of the pre-treatment agent is preferably effected
in metering steps which each comprise a certain number of filtering cycles. Accordingly, with
regard to the metering steps, in which the metering quantity of the pre-treatment agent is newly
adjusted in each case, it is the case of consecutive intervals which each contain one or more
filtering cycles. The number of filtering cycles per metering step can hereby be generally
selected in dependence on the constraints of the filtration process, but hereby it has been found

that three filtering cycles per metering step represent a suitable value for a multitude of cases.

As has already been noted, generally any process variable, which reflects the filtration
capability of the filter device during the filtering process and which behaves proportionally to the
deposition extent on the filter, can be used as a process variable for resetting the metering quality
of the pre-treatment agent. A pressure difference at the filter, i.e. the difference between an entry
pressure and an exit pressure at the filter is mentioned as an example for a process variable which
is basically suitable with regard to this. This pressure difference continuously increases with an
increasing deposition degree on the filter. However, this differential pressure is subjected to
certain micro-fluctuations during the filtering cycle, which renders it comparatively cumbersome
to compute a meaningful end-value for the differential pressure for each filtering cycle. For this
reason, it is actually more favourable to use such a process variable which is not subjected to
such micro-fluctuations over the filtering cycle, as a process variable for resetting the metering
quantity of the pre-treatment agent. Such a process variable is the relative energy consumption
which arises per filtering cycle and which also changes proportionally to the filtration capability
of the filter, i.e. increases with increasing deposits on the entry side of the filter, and also take

into account changes of the contamination degree of the fluid to be filtered. For this reason,



according to the invention, one envisages the process variable being a relative energy
consumption per filtering cycle, which is computed by way of dividing a total energy
consumption per filtering cycle by a net permeate volume produced per filtering cycle

The consumption of pre-treatment means, apart from the energy consumption, also
influences the efficiency of the filtration process, at least with regard to the arising costs. With
the preferred application of the relative energy consumption per cycle as a process variable, it is
therefore useful to also permit the pre-treatment agent consumption occurring per filtering cycle
to be included in this value. This is usefully effected via the total energy consumption per
filtering cycle. Inasmuch as this is concerned, according to the invention, one preferably
envisages the complete energy consumption per filtering cycle being the sum of the energy
which is necessary per filtering cycle for the filtering, the back-flushing and the metering of the
pre-treatment agent as well as of an energy value representing an equivalent to the pre-treatment
agent consumption. The computation of the total energy consumption per cycle is accordingly
effected in a manner such that per filter cycle, the energy requirement for the filtration, i.e. the
energy requirement of the pump or pumps used for the delivering the fluid to and through the
filter, and the energy requirement for the back-flushing, i.e. to the energy requirement of a pump
used for delivering the back-flushing fluid, and the energy requirement for metering the pre-
treatment means, i.e. the energy requirement of a metering pump used for metering, as well as
the energy value representing an equivalent to the pre-treatment agent consumption, are added.
The last-mentioned energy value results in a comparatively simple manner by way the costs for
the consumed pre-treatment agent being equated with corresponding energy costs, wherein a

corresponding energy value can be computed given known energy prices.

The net permeate volume which is used as a divider for computing the relative energy
consumption per filtering cycle preferably corresponds to the permeate volume which is
produced per filtering cycle, minus the permeate volume which is used per filtering cycle for
back-flushing the filter. One therefore takes into account the fact that a part of the produced
permeate which is then no longer available for the actual use of the permeate, is necessary for the
back-flushing. Thereby, the absolute, produced permeate volume is summed per filtering cycle
and the permeate volume which is used at the beginning of the filtering cycle for back-flushing is
deducted from this, so that ideally the net permeate volume which is produced up to this point in
time can be determined at any point in time and be used of the continuous computation of the

relative energy consumption per filtering cycle.

According to a further preferred development of the filtering method according to the
invention, the stored process variable is stored at the end of the filtering cycle , and a function
curve of the two or more stored process variables is determined from these values. Hereby, a
gradient value of this function curve is determined for each metering step. This procedural



manner is advantageous inasmuch as the gradient values of the determined function curve
contain particularly useful information with regard to the effectiveness of a previously set
quantity of pre-treatment agent. Thus an increase of the gradient value compared to the gradient
value of the preceding metering step indicates a worsening of the efficiency of the filtration,
whereas a gradient value which reduces compared to the gradient value of the preceding
metering step indicates an improved efficiency of the filtration. In the most favourable case, the
gradient value is negative, which is an indication for an optimal efficiency of the filtration and an

optimally set quantity of pre-treatment agent.

With regard to the setting of the metering quantity of the pre-treatment agent, the filtering
process is preferably divided into at least two general phases. In this context, one advantageously
envisages a coarse setting of the metering quantity being carried out in a first phase, and the
metering quantity, departing from a metering quantity determined with the coarse setting, being
optimised in a fine setting in a second phase of the filtering process. With the coarse setting, one
seeks to approximate the metering quantity to a metering quantity which is optimal with regard
to the efficiency of the filtration, in as few as possible metering steps, thus as rapidly as possible.
Hereby, the changes of the metering quantity are relatively large. The metering quantity which is
determined with the coarse setting then forms the starting value with the fine metering, in which
the metering quantity, usefully with smaller changes of the metering quantity than with the
coarse setting, can be approximated even more to the optimal metering quantity and in the
further procedure is held at such values which entail an as large as possible efficiency of the
filtration.

Within the framework of the coarse setting, one preferably envisages the metering
quantity being increased by the same amount in consecutive metering steps, as long as the stored
process variable changes in the same direction to a value representing an optimal process
condition of the filtration process, wherein the coarse setting is completed when the stored
process variable moves away from the value representing the optimal process condition, in the
opposite direction. Hereby, the coarse setting preferably starts with a step, with which no pre-
treatment agent is admixed to the fluid to be filtered, thus with a metering quantity = 0. A
gradient value of the function curve, in which curve the values for the stored relative energy
consumption which are computed during the metering step are represented, is determined for this
metering step. A defined metering quantity of pre-treatment agent is admixed to the fluid to be
filtered, in a metering step which is directly subsequent to this, and the gradient value for this
second metering step is computed. If the gradient value has reduced from the first metering step
to the second metering step, then the metering quantity in further metering steps is increased in
each case by the same amount as from the first to the second metering step, until the gradient
value increases. This increase of the gradient value is an indication that a comparatively optimal

metering quantity has reached a value lying between the metering quantities of the two last



metering steps. Thus a metering quantity which lies between the metering quantities of the two

last metering steps can be selected as a starting point of the fine setting.

With the fine setting of the metering, the metering quantity is advantageously newly set
in each case in consecutive metering steps, wherein it changes is or is retained, in dependence on
the development of the gradient value. The length of the metering steps with the fine setting is
usefully the same as the length with the coarse setting of the metering and thus preferably also
has three filtering cycles. In the metering steps, the metering quantity is either increased or
reduced, depending on with which change of the metering quantity, a change of the gradient
value in the direction of a value representing an optimal process condition of the filtering process
is to be expected. If the gradient value reaches this value representing an optimal process
condition of the filtering process, then the metering quantity is usefully retained, i.e. is not

changed.

Differently to the coarse setting of the metering of the pre-treatment agent, the metering
quantity with the metering steps of the fine setting is usefully changed in a variable manner,
wherein the amount by which the metering quantity is changed, is determined on the basis of the
tendency of the gradient values of the function curve for the relative energy consumption in the
directly preceding metering steps. For this, the gradient values of the function curve for the
relative energy consumption of the individual metering steps are usefully stored in a FIFO buffer
(first-in first-out buffer). The magnitude of the metering quantity of a metering step which then
follows is then changed on the basis of the tendency (reducing or increasing) of the stored
gradient values of the preceding metering steps, preferably by way of a computation algorithm
which is specially provided for this. Hereby, the process dynamics are taken into consideration to
the extent that the next metering quantity is reduced in a case, in which the gradient values in the
preceding metering steps fluctuate by a defined amount, i.e. below and above a defined value.
The next metering quantity is increased given a development in the preceding metering steps,
with which the gradient values continuously increase or continuously reduce. It has been found
that this procedural manner is particularly suitable for compensating quality changes of the fluid
to be filtered, i.e. a changing burdening with solid matter, which is to say contamination of the
fluid to be filtered.

Serious changes of the process conditions during the filtration, such as for example a
significant change of the solid matter contamination of the fluid to be filtered can lead to an
abrupt change of the process variable forming the basis for the setting of the metering quantity. If
such an abrupt change of the process variable occurs in the phase of the fine setting of the
metering quantity, one advantageously envisages ending the fine setting of the metering quantity

and carrying out a renewed coarse setting of the metering quantity. The aim of this measure lies



in again reaching a metering quantity of the pre-treatment agent which is optimised with regard

to the changed process conditions, as rapidly a possible.

According to a further advantageous development of the filtering method according to
the invention, the pre-treatment agent is added to the fluid to be filtered with a delay after a back-
flushing of the filter. Accordingly, the filter is preferably firstly subjected to onflow by the fluid
which does not yet contain pre-treatment agent, preferably directly after its back-flushing, and
only after a certain interval comes into contact with the fluid containing the pre-treatment agent.
This measure is based on the recognition that pre-treatment agents as a rule cling more strongly
to the filter than solid matter contained in the fluid to be filtered. Inasmuch as this is concerned, it
is more advantageous of only this solid master firstly settles on the filter, and the pre-treatment
agent only subsequent to this, since the filter on back-flushing can be freed from all deposits

more easily in this manner, when back-flushing the filter.

Preferably the start and the stop of the filtering cycle are determined by monitoring the
continuously computed process variable or by monitoring a process value measured in the filter
device. This proceeding is based on the fact that in case the filtering cycle stops or starts, a
process value like the power consumption of a feed pump or the differential pressure across the
filter will change rapidly. This rapid change preferably is used as an indication of a start or stop
of the filtering cycle, wherein a rapid decreasing of the process variable and/or of the measured
process value indicates an end of a filtering cycle and a rapid increasing of the process variable

and/or of the measured process value indicates the start of a filtering cycle.

Apart from the filtering method which has been described beforehand, a filter device
designed for carrying out the filtering method also belongs to the subject matter of the invention.
This filter device for filtering a fluid comprises at least one filter, through which a fluid is led,
wherein the fluid is freed from solid matter which is contained in the fluid to be filtered, by way
of the filter. With regard to the filter, it is preferably the case of a membrane filter. The filter
device is provided with at least one pump, for delivering the fluid to and through the filter. The
filter device moreover comprises a metering pump. This metering pump which is typically
designed as a displacement pump, in the known manner comprises a metering space with a
displacement body which is adjacent this space or is arranged in it. The displacement body is
movable by way of a displacement drive, i.e. a drive motor. The metering pump serves for the
admixture of a pre-treatment agent to the fluid at the onflow side of the filter. The filter device
comprises a control, for the control of this metering pump, i.e. for the control of its release of
pre-treatment agent in to the fluid to be filtered, which is to say for the control of its displacement
drive. This control is preferably an electronic control. According to the invention, the control is
designed in a manner such that during the filtration, is continuously computes a process variable

which describes the efficiency of the filtration and controls the metering pump on the basis of the



values for the process variable or of a characteristic value which is derived from this. As has
already been described by way of the filtering method according to the invention, this design of
the control has the effect that the filter device according to the invention permits a significant
increase of the efficiency of the filtering process compared to known filter devices of the type

being discussed here.

With regard to the control, it can be the case of a separate control device which is signal-
connected to the metering pump, but under certain circumstances is arranged spatially separated
from the metering pump. According to the invention, one however preferably envisages the
control being an integral part of the metering pump. The control is thus preferably arranged in or

directly on a casing of the metering pump.

The invention is hereinafter explained in more detail by way of one embodiment example

which is represented in the drawing. In the drawing is shown:

Fig. 1: a filter device in a schematically, greatly simplified basic sketch;

Fig. 2: a function diagram representing the temporal development of a relation between a
process variable of a filtering process and a metering quantity of a pre-treatment
agent fed to the fluid to be filtered, said metering quantity being set on the basis

of the values for the process variable,

Fig. 3: a flowchart for a coarse setting of the metering quantity of the pre-treatment
agent,

Fig. 4: a flowchart for a fine setting of the metering quantity of the pre-treatment agent
and

Fig. 5: a flowchart for determining a change of the metering quantity of the pre-

treatment agent during the fine setting.

The filter device which is represented in Fig. 1 comprises a filter unit 2, which is
designed with a filter 4 in the form of a membrane filter. A conduit 6 runs out at the filter unit 2
at the entry side. A fluid to be filtered is led to the filter unit 2 via this conduit 6. Hereby, the
fluid to be filtered is delivered to the filter unit 2 and there through the filter 4, by way of a pump
8. A conduit 10 connects to the filter unit 2 at the exit side of this. The filtered fluid, i.e. the

permeate which is produced on filtration, gets via this conduit 10 into a collection tank 12. An



exit conduit 14, via which the produced permeate is led to an end consumer or to its final

purpose, is formed in the collection tank 12.

Solid matter which is contained in the fluid to be filtered settles at the entry side of the
filter 4, during the filtration process. These deposits continuously reduce the filtration capability
of the filter 4 during the filtration process. For this reason, the filter 4 is freed from the deposits at
predetermined intervals by way of back-flushing. For this purpose, a part of the permeate which
is produced on filtration and which is stored in the collection tank 12, is led via a conduit 16
connected to the collection tank 12 as well as to the filter unit 2, into the filter unit 2 and there is
led through the filter 4 from its exit side to its entry side. Hereby, a pump 18 which is arranged in
the conduit 16 delivers the permeate which is used for back-flushing, from the collection tank 12
through the filter 4. The deposits (accumulations) at the entry side of the filter 4 are removed
from the filter 4 as a result of the back-fleshing, and together with the permeate used for the

back-flushing are removed from the filter unit 2 via an outlet 20 out of the filter unit 2.

A pre-treatment agent is admixed to the fluid to be filtered at the entry side of the filter
unit 2, for improving the cleaning of the filter 4 with its back-flushing. A metering pump 20
which comprises a pump part 22, a drive 24 for the pump part 22 as well as a control 26, whose
significance will yet be explained in more detail hereinafter, is used for this. The metering pump
20 at the onflow side of the pump 8 is connected to the conduit 6 via a conduit 28. The metering
pump 20 receives a power measurement signal from the pumps 8 and 18. For this purpose the
pump 8 is connected to the control 26 of the metering pump 20 via a signal line 30 whereas the
pump 18 is connected to the control 26 of the metering pump 20 via a signal line 32.
Furthermore, the signal lines 30 and 32 may transmit information with regard to the flow of the
pumps 8 and 18 to the control 26, wherein this information may be provided by the pumps 8 and

18 or by external flow sensors which are not illustrated in Fig. 1.

The control 26 of the metering pump 20 is predominantly provided for the control or
setting of the quantity of pre-treatment agent which is to be released by the metering pump 20.
Hereby, the control 26 is designed in a manner such that the method steps described hereinafter

are initiated by it.

A coarse setting A (Fig. 2) of the metering quantity of the pre-treatment agent which is
released by the metering pump 20 is initiated by the control 26 by way of a control program
provided for this purpose, at the beginning of a filtering process. The operating manner in this
control program for coarse setting A corresponds to the flow diagram represented in Fig. 3 and is

explained by way of Fig. 2 and 3.
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The control program for coarse setting A begins at a start ST1. A first magnitude for the
metering quantity DM in a first metering step D1 is determined in a program step S1 which
follows the start ST1. This metering step D1, as also all subsequent metering steps, comprises M
filtering cycles, wherein the filtering cycles in each case begin with a back-flushing of the filter 4
and end directly before the next back-flushing of the filter 4. As is evident from Fig. 2, in which
the metering quantities DM (right vertical axis) for the metering steps are represented as

horizontal lines, the metering quantity DM for the first metering step D1 is zero.

An enquiry R1, in which it is verified as to whether a back-flushing of the filter 4 is
already effected, is subsequent to the program step S1. The enquiry R1 is repeated if the result of
this enquiry R1 is N (no). A program step S2 is carried out with a result Y (yes).

The relative energy consumption is continuously computed during the filtering cycle in
the program step S2. This results by way of dividing a total energy consumption per filtering
cycle by a net permeate volume which is produced per filtering cycle. Hereby, the energy
consumption for filtering, thus the energy consumption of the pump 8, the energy consumption
for back-flushing, thus the energy consumption of the pump 18, the energy consumption for
metering the pre-treatment agent, thus the energy consumption of the metering pump 20 and an
energy valve which represents an equivalent to the pre-treatment agent consumption are added to
one another for determining the total energy consumption, and this total energy consumption is
divided by the net permeate volume which is the difference between the absolutely produced
permeate quantity and the permeate quantity used for back-flushing. This computation is carried
out in a continuous manner during the complete filtering cycle, wherein it is examined in each
case in an enquiry R2, as to whether the end of the filtering cycle is reached. The program step
S2 is carried out new if the result of this enquiry is N (no). The program step S3 is effected with
aresult Y (yes) of the enquiry R2.

The values for the relative energy consumption and which are computed in a continuous
manner during the filtering cycle are combined into an end-value for the relative energy
consumption and this end-value is stored, in the program step S3. A program step S4 follows the
program step S3. A counting variable for the filtering cycle is increased by a value of 1 in this
program step S4. An enquiry R3 follows the program step S4. It is examined in this enquiry R3
as to whether the counting variable for the filtering cycle and which is increased in the program
step S4 corresponds to the total number M of filtering cycles per metering step. If the result of
this request is N (no), the previously described procedure begins again at the enquiry R1. The
program step S5 is carried out if the result of the enquiry R3 is Y (yes).

A virtual function curve of the relative energy consumption and a gradient value of this

function curve for the current metering step are determined from the stored values for the relative
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energy consumption of the M filtering cycles, in the program step S5. These gradient values

form the basis of which the metering quantity DM of the pre-treatment agent is set.

An enquiry R4 is subsequent to the program step S5. In the enquiry R4, it is examined as
to whether the gradient value or the process variable, which is determined in the program step
S5, has a value smaller than zero. A program end PEI1 is reached in the case of a result Y (yes) of
this enquiry R4, which means that the momentary (current) metering quantity DM is an optimal
metering quantity of the pre-treatment agent. A further enquiry is RS carried out with a result N

(no) of the enquiry R4.

In the enquiry RS, it is enquired as to whether the gradient value or process variable of
the current metering step and which is determined in the program step S5 is larger than the
gradient value of the preceding metering step. A program end PE2 is reached if the result of this
enquiry R5 is Y (yes), and this means that the metering quantity of the preceding metering step is
the optimal metering of the coarse setting. This is the case in Fig. 2 at the metering quantity

DM3. A program step S6 is carried out if the result of the enquiry R5 is N (no).

A metering quantity DM of the pre-treatment agent is increased by a fixed amount in the
program step S6. An enquiry R6 is subsequently carried out, in which it is examined as to
whether the metering quantity after the program step S6 exceeds a maximal allowable value for
the metering quantity DM. The program end PE2 is also reached with a result Y (yes) of this
enquiry R6, which means that the metering quantity of the preceding metering step is the
maximum metering of the coarse setting. The program course begins anew with the request R1 if
the result of the enquiry R6 is N (no).

If one of the program ends PE1 or PE2 has been reached with the coarse setting A of the
metering of the pre-treatment agent, then a program for the fine setting B of the metering
quantity of the pre-treatment agent is called up in the control 26, which is explained hereinafter
by way of Fig. 2 and 4.

The control program for fine setting B begins at a start ST2. A first metering quantity
DMS5 (Fig. 2) which is seen as approximately optimal and is for a first metering step D5 (Fig. 2)
of the fine setting B is set on the basis of the coarse setting A, in a program step S7 which is
subsequent to the start ST2.

An enquiry R7 follows the program step S7. In the enquiry R7, it is enquired as to
whether a back-flushing of the filter 4 is already effected. If the result of this enquiry R7 is N
(no), then the enquiry R7 is repeated for so long, until the result of the enquiry R7 is Y (yes). The

program step S8 is carried out given the result Y of the enquiry R7.
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The relative energy consumption during the filtering cycle is computed in the program
step S8. This procedural manner is hereby identical to that with the program step S2 of the coarse
setting A. The computation of the relative energy consumption is effected continuously during
the complete filtering cycle, wherein in an enquiry R8, it is questioned as to whether the end of
the filtering cycle is reached. The program step S8 is carried out anew if the result of this enquiry
R8 is N (no). A program step S9 follows the enquiry R8, and after this, a program step S10, in
the case of aresult Y (yes) of the enquiry RS.

The programs steps S9 and S10 are identical to the program steps S3 and S4 with the
coarse setting A. Thus in the program step S9, the values for the relative energy consumption and
which are continuously computed during the filtering cycle are combined into an end-value, and
this end-value is stored, whilst a counting variable for the filtering cycle is increased by a value

of 1 in the program step S10.

An enquiry R9, in which it is examined as to whether the counting variable for the
filtering cycle and which is increased in the program step S10 corresponds to the total number M
of the filtering cycles per metering step, follows programming step S10. With a result N (no) of
this enquiry R9, the previously described procedure begins again with the enquiry R7, and the
program step S8, the enquiry R8, the program steps S9 and S10 as well as the enquiry R9 follow
this. The program step S11 is otherwise carried out, i.e. with a result Y (yes) of the enquiry R9.

The program step S11 corresponds to the program step S5 with the coarse setting A.
Accordingly, a virtual function curve of the relative energy consumption is determined from the
stored values for the relative energy consumption of the M filtering cycles, in the programs step

S11, and a gradient value DIR is determined for the current metering step.

The directions of the gradient values (+ or -) which are determined in the program step
S11 are led to a FIFO buffer (first-in first-out) buffer and are stored there, in the program step
S12 which is subsequent to program step S11.

An enquiry R10 is subsequent to this. In the enquiry R10, it is enquired as to whether the
gradient value DIR of the virtual function curve of the relative energy consumption for the
current metering step and determined in the program step S11 is smaller than zero, thus negative.
No change of the metering quantity DM is carried out and the program step S13 is implemented
if the result of the enquiry R10is Y (yes).

In the program step S13, a counter for the metering step is increased by the value 1 and

the fine setting B begins again with the enquiry R7 for the next metering step, whereupon the
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program step S8, the enquiry R8, the program steps S9 and S10, the enquiry R9, the program
steps S11 and S12 as well as the enquiry R10 then follow. The enquiry R11 is effected if the
result of the enquiry R10 is N (no)

In the enquiry R11, it is enquired as to whether the gradient value DIR of the virtual
function curve of the relative energy consumption for the preceding metering step and which is
determined in the program step S11 was smaller than zero, thus negative. The program step S14,
in which the value for the gradient value DIR is set to a value -1, thus DIR = -1, is carried out in
the case of a result Y (yes) of this enquiry R11. The program step S16 is carried out subsequently
to this.

A new metering quantity DM for the next metering step is ascertained in the program
step S16 and the counter for the metering step is increased by the value 1. The fine setting B for
the next metering step begins subsequently to this, again with the enquiry R7. The evaluation of
the metering quantity DM in the program step S16 hereby results from the sum of the current
metering quantity and from the product of the gradient value DIR and a metering quantity
change value DMA which is determined in a program used in combination with the FIFO buffer.
This is dealt with in more detail hereinafter. The fine setting B for the next metering step begins
again with the enquiry R7, after implementing the program step S16.

In the case of a result N (no) of the enquiry R11, an enquiry R12 follows, in which it is
enquired as to whether the gradient value DIR of the virtual function curve of the stored relative
energy consumption for the current metering step and which is determined in the program step
S11 is larger than the gradient value DIR of the preceding metering step. If the result of this
enquiry is Y (yes), the program step S15, in which the polarity of the gradient value DIR is
reversed, thus DIR = DIR*(-1), is carried out. The program step S16 is carried out subsequently
to this. The program step S16 is carried out directly given a result N (no) of the enquiry R12.

The program course for determining the metering quantity change value DMA is to be
deduced from Fig. 5. The program begins with a start ST3. A program steps S17 follows the start
ST3. A FIFO buffer comprising three elements is created in the program step S17. A program
step S18, in which the limits, within which the metering quantity can be changed, i.e. a metering
quantity DM, and a metering quantity DM« are determined, is effected subsequently to the
program step S17. A metering quantity change factor DMF is determined in a program step S19
which is subsequent to the metering step S18. According to the invention, the metering quantity
change factor is preferably DMF = 2.

In a subsequent enquiry R13, it is enquired as to whether the metering quantity DM of

the last three metering steps has reached the limits of the metering quantity which are determined
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in the program step S18. The metering quantity DM is set to the value DM,y;, in a program step
20 in the case of a result Y (yes) of the enquiry R13. An enquiry R14 is subsequently carried out.

In the enquiry R14, one falls back on the gradient value DIR which is determined in the
program step S11 of the fine setting B, and it is enquired as to whether the gradient value DIR is
negative. This enquiry R14 is also carried out directly after the enquiry R13 when the result of
the enquiry R13 is N (no), i.e. when the metering quantity DM of the last three metering steps
has not reached the limits of the metering quantity DM which are determined in program step
S18. In the case of a result Y (yes) of the enquiry R14, one returns again to the enquiry R13,
otherwise, i.e. with a result N (no) of the enquiry R14, the program step 21, in which the
tendencies of the gradient values DIR (0 for a reducing gradient value and 1 for an increasing

gradient value) are deposited in the FIFO buffer, is carried out.

An enquiry R15, in which it is enquired as to whether the FIFO buffer is full, thus
comprises three values, follows the program step S21. If the result of the request R15 is N (no),
the program is assumed anew with the request R13. A program step S22 follows given a result Y
(yes) of the enquiry S22.

It is counted how often the tendency of the three gradient values DIR stored in the FIFO
buffer (0 for a reducing gradient value and 1 for an increasing gradient value) has changed, in the

program step S22.

An enquiry R16 is subsequent to the program step S22, in which enquiry it is enquired as
to whether the tendency of the gradient value DIR has changed not once (result 0), has changed
once (result 1) or has changed twice (result 2). If the result of the enquiry R16 is 0, then the
program step S23 is carried out, whereas the program step S24 is carried out given a result 1 of
the enquiry R16, and the programs step S25 carried out given a result 2 of the enquiry R16.

The metering quantity change value DMA which is used in the program step S16 of the
fine setting B is determined in the program step S23, S24 and S25. Hereby, the metering quantity
change value DMA with the program step S23 results by way of multiplying the preceding
metering quantity DM by the metering quantity change factor DMF. The metering quantity
change value DMA is retained with the program step 24, and with the program step S25 the
metering quantity change value DMA results by way of dividing the preceding metering quantity
DM by the metering quantity change factor DMF. The program for determining the metering
quantity change value DMA is completed in program step S26

It is evident from Fig. 2 that the fine setting B of the metering quantity DM is terminated

when the magnitude of the process variables changes to a significant extent (see process
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variables PV19, PV20, PV21 in Fig. 2) with the fine setting, and a coarse setting A of the

metering quantity DM is carried out anew, as described by way of the description of Fig. 3.
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List of reference numerals

D1
DIR
DM
DMA
DMF
DMmax
DMin
DM3
DMS5

PE1
PE2
PV1
R1
R2
R3
R4
R5

filter unit

filter

conduit

pump

conduit
collection tank
exit conduit
conduit

pump
metering pump
pump part
drive

control

signal line

signal line

coarse setting

fine setting

first metering step

gradient value

metering quantity

metering quantity change value

metering quantity change factor

maximal metering quantity

minimal metering quantity

metering quantity

metering quantity

number of filtering cycles per metering step
result

program end

program end

process variable for the first metering step
enquiry

enquiry

enquiry

enquiry

enquiry



R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
ST1
ST2

enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
enquiry
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
program step
start

start
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ST3

start

result
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Claims

1. A filtering method, with which a fluid to be filtered is led through a filter (4), the filter
(4) is back-flushed at predetermined intervals and a pre-treatment agent is added to the fluid at
the entry side of the filter (4), characterised in that a process variable which describes the
efficiency of the filtration is continuously computed during the filtration, and a metering
quantity (DM) of the pre-treatment agent is adjusted in predetermined intervals on the basis of
the values for the process variable or a characteristic value derived from the process variable,
characterised in that the filtering method is divided into several consecutive filtering cycles
which in each case begin with a back-flushing of the filter (4) and end before the beginning of
the next back-flushing, wherein a stored process variable is stored for each filtering cycle at a
predetermined time of the filtering cycle and/or at the end of the filtering cycle, and a function
curve of two or more stored process variables is determined from values of the two or more
stored process variables, wherein a gradient value (DIR) of this function curve is determined for
each metering step; characterised in that an increase of the gradient value compared to the
gradient value of the preceding metering step indicates a worsening of the efficiency of the
filtration, and a gradient value which reduces compared to the gradient value of the preceding

metering step indicates an improved efficiency of the filtration.

2. A filtering method according to claim 1, characterised in that the metering quantity

(DM) is adjusted in metering steps which each comprise a certain number of filtering cycles.

3. A filtering method according to one of the preceding claims, characterised in that the
process variable is a relative energy consumption per filtering cycle and which is computed by
way of dividing the total energy consumption per filtering cycle by a net permeate volume
produced per filtering cycle.

4. A filtering method according to claim 3, characterised in that the total energy
consumption per filtering cycle is the sum of the energy necessary per filtering cycle, for the
filtering, for the back-flushing and for the metering of the pre-treatment agent, as well as of an

energy value representing an equivalent to the pre-treatment agent consumption.

5. A filtering method according to one of the claims 3 or 4, characterised in that the net
permeate volume which is produced per filtering cycle is the permeate volume produced per
filtering cycle minus a permeate volume which is used per filtering cycle for back-flushing the
filter (4).
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6. A filtering method according to one of the preceding claims, characterised in that a
coarse setting (A) of the metering quantity (DM) is carried out in a first phase of the filtering
process, and the metering quantity (DM) in a second phase of the filtering process is optimised
in a fine setting (B), starting from a metering quantity (DM) determined with the coarse setting
(A).

7. A filtering method according to claim 6, characterised in that the metering quantity
(DM) with the coarse setting (A) is increased by the same amount in consecutive metering steps,
as long as the stored process variable changes in the same direction to a value representing an
optimal process condition of the filtering process, wherein the coarse setting (A) is finished
when the stored process variable departs from the value representing the optimal process

condition, in the opposite direction.

8. A filtering method according to one of the claims 6 or 7, characterised in that the
metering quantity (DM) with the fine setting (B) of the metering is adjusted in each case in
consecutive metering steps, wherein it is changed or retained in dependence on the development
of a gradient value (DIR).

0. A filtering method according to claim 8, characterised in that the metering quantity
(DM) is changed in a variable manner with the metering steps of the fine setting (B), wherein
the amount, by which the metering quantity (DM) is changed, is determined on the basis of the
tendency of the gradient values (DIR) in the directly preceding metering steps.

10. A filtering method according to claim 8, characterised in that the metering quantity

(DM) is retained given a negative value of the gradient value (DIR).

11. A filtering method according to one of the claims 6 to 10, characterised in that the fine
setting (B) of the metering quantity (DM) is completed given an abrupt change of the process

variable and a renewed coarse setting (A) of the metering quantity (DM) is carried out.

12. A filtering method according to one of the preceding claims, characterised in that the
pre-treatment agent is added to the fluid to be filtered with a delay after a back-flushing of the
filter (4).

13. A filtering method according to one of the preceding claims, characterised in that the
start and the stop of the filtering cycle are determined by monitoring the continuously computed

process variable or a process value measured in the filter device.
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14. A filtering method according to claim 13, characterised in that a start of a filtering cycle
is determined in case the continuously computed process variable or the measured process value
decreases rapidly and that a stop of a filtering cycle is determined in case the continuously

computed process variable or the measured process value increases rapidly.



