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(57) Abstract: This invention relates to an arrangement in cross-flow membrane separation unit,
which is comprising a membrane element (5) and a pres- sure keeping structure enclosing the mem-

flow into the enclosure (2).
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brane element (5), into which enclosure (2) a pres- surized input substance (3) is led, out of which
enclosure (2) are outputs for the sepa- rated parts of the input substance (3), where the input substance
(3) is led into an up- stream section (5u) of the membrane element (5), part of the input substance
(3) is ar- ranged to permeate to the membrane as a per- meate (6), and the unpermeated part, a con-
centrate (7), is arranged to exit from the downstream section (5d) of the membrane ele- ment (5).
The mass flow into the upstream section (5Su) of the membrane element (5) is greater than the mass
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ARRANGEMENT IN CROSS-FLOW MEMBRANE SEPARATION UNIT

The object of the invention 1is an arrangement according to

claim 1 in a cross—-flow membrane separation unit.

Large areas in the world suffer from poor or non-usable drink-
ing water. Also, in many areas of the world tap water is not
suitable for drinking or cooking. The reason is that the water
contains too high levels of impurities, such as contaminants,
microbes, salt, iron, heavy metals, fluoride, arsenic, carcin-
ogens, and other chemicals and substances that are unwanted
and/or detrimental to health. The most problematic areas are
densely populated areas, such as China, India, Indonesia, Af-
rica but the problem is wvery common also in Southern Europe,
America and in the rest of Asia. Growing world population,
increasing urbanization, pollution and global warming make the

problem even bigger.

Main reasons for the poor or non-potable tap water are contam-
inated water supplies, overloaded and old municipal water pip-
ing systems and infrastructure and the ever-increasing demand.
To compensate the contaminants of the water supply and old
overloaded pipe systems, municipal waterworks must overdose
chlorine or chloramines to keep microbial quality acceptable,
but this kind of overdosing creates toxic and/or carcinogenic

substances in the water.

Alternatives for the consumers to cope with the problem are to
use bottled water or to install domestic, residential-specific

small water purification devices to purify tap water.

Bottled water is costly and also ecologically harmful, because
it generates huge amounts of plastic waste and transport emis-
sions. In addition, it is heavy to carry around and it needs a

lot of room in shops and stores.
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Small domestic water purification devices offer a better al-
ternative. Most often they are low cost Point-0f-Use (POU)
systems, which have limited capacity and purify mainly drink-
ing and cooking water. Typically, they are “under-the-sink” or
“counter-top” systems producing 30 - 300 litres purified water
daily. However, these small water purification devices also
have disadvantages, e.g. 1investment costs and maintenance
costs. Depending on the technology, they also may not remove
all contaminants and they may have poor water economy. This
means that they waste too much water. In addition, they may

need electric power and thus they consume energy.

Usually one purification device may comprise more than one
purification method. For instance, in addition to the RO
stage, RO systems almost always comprise also sediment filters

and activated carbon filters.

Typical purification methods in POU systems for domestic tap
water are a filtration, activated carbon filtering, UV disin-

fection and reverse osmosis (RO) systems.

The filtration method is effective for suspended solids with
particle size above 1-5 um but it 1is ineffective against dis-

solved substances, toxins and microbes.

Activated carbon filtering is effective for suspended solids
with particle size above 5 pm, removing big organic molecules
and gases, and it improves taste and smell. However, it is not
effective to dissolved substances and microbes and it does not

remove most toxins.

UV disinfection is effective for microbes, but it does not
remove any suspended or dissolved solids or any toxins or car-—
cinogens. In addition, it needs electric power, the 1light

sources used have a limited lifetime and they contain mercury.

Reverse osmosis (RO) systems are effective for suspended and

dissolved solids, microbes, toxins and carcinogens. However,
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low cost RO systems of prior art suffer from poor water econo-
my. Typically, about 500 litres of water is needed to produce
100 litres of purified water. More effective RO systems need
electric power and are more expensive. In spite of their dis-
advantages, RO systems are the most common POU systems, as
they are most effective, removing practically all the contami-

nants from the water.

However, increasing volume of domestic POU systems using RO
methods according to the prior art solutions can be a future
threat to the whole mankind because the water consumption
would tremendously grow. The recovery rate of prior art POU
systems is only 10-30%, which means that 70-90% of the used

tap water 1is wasted.

The operation of a membrane filter, which can be also called a
membrane separator, can be described in a simplified manner as
follows: The permeable membrane to be used, which possesses
certain properties, allows a substance to be purified, e.g.
water, to pass through it and retains other materials. In
practice, the separation of membrane filters is not perfect,
in which case the result of the separation 1s the permeate
that has passed through the membrane and the concentrate, or
corresponding, obtained from the material to be filtered. Of-
ten the permeate is the intended product, e.g. when purifying
water, but membrane separation can be used for concentrating
the sought material, e.g. when recovering process chemicals or

when concentrating solutions.

A generally used membrane filtration method for liguids is so-
called cross flow filtering. Cross flow filtering is in use in
many different types of membrane filtering methods, e.g. in
reverse osmosis filtration, nanofiltration, ultrafiltration
and microfiltration. In cross flow filtering the material to
be purified is brought to flow in the direction of the surface
of the filtering membrane in which case, although some of the
material filters through the membrane, the material to be pu-

rified rinses the surface of the membrane and in this way
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keeps the membrane permeable while preventing clogging or a
large local concentration on the surface of the membrane. The
driving force in membrane filtration 1s a pressure difference
across the membrane. Energy 1s also needed, apart from over-
coming the resistance caused by the membrane, for moving and
conducting the liquids in the different phases of the process
as well as for raising the pressure of the liquid to the oper-

ating pressure needed.

Membrane filter devices and their components are generally
available for wvarious purposes. Membrane filter plants and
devices are fabricated from commercially available components
and are based on generally known techniques. For example, re-
verse osmosis filters are commercially available for wvarious
applications and suitably also for the treatment of wvarious
solutions and for the separation of many types of substances,
and, inter alia, filters for salt removal can be optimized and
also the salt content ratio of the water to be treated can be

selected.

The aim of this invention is to achieve an effective, inexpen-
sive, reliable, safe and well-functioning method and an ar-
rangement, shorter a filtering solution in a membrane filtra-
tion. More particularly the invention aims for reverse osmosis
filtration solutions, nanofiltration solutions, ultrafiltra-
tion solutions and microfiltration solutions and especially
the type of solutions that are suitable for use in the reverse
osmosis enrichment or reverse osmosis purification of aqueous
solutions. Further, one aim is to achieve a filtering solution
in a membrane filtration by which water consumption can be

reduced as close as possible to minimum.

The arrangement 1in a cross—-flow membrane separation unit ac-
cording to the invention is characterized by what is presented
in the characterization part of claim 1. Other embodiments of
the invention are characterized by what 1s presented in the

other claims.
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An aspect of the invention is to provide an arrangement in
cross—flow membrane separation unit, which 1s comprising a
membrane element and a pressure keeping structure enclosing
the membrane element, into which enclosure a pressurized input
substance is led, out of which enclosure are outputs for the
separated parts of the input substance, where the input sub-
stance 1s led into an upstream section of the membrane ele-
ment, part of the input substance is arranged permeate to the
membrane as a permeate, and the unpermeated part, a concen-—
trate, 1is arranged to exit from the downstream section of the
membrane element. The mass flow into the upstream section of
the membrane element 1is greater than the mass flow into the

enclosure.

An important advantage to be achieved with the invention is a
high coefficient of efficiency for membrane filtration. In
particular the favorable, at least momentary, avoidance of
pressure losses to be achieved with an implementation of the
invention assists in reaching a high coefficient of efficien-

cy. Also, other advantages can be achieved with the invention.

This invention 1is related to the invention described in the
European patent application EP2723477 that describes basic
operations of membrane filtration with re-circulated concen-
trated water. The solution of the pending application differs
from the solution of said European patent application in that
the pending application presents a new and improved arrange-—
ment of membrane filtration where concentrated water is re-

circulated totally inside the enclosure of the membrane unit.

The substance to be filtered, for example pressurized tab wa-
ter is later called as input substance. The clean substance
that has passed through the membrane filter is later called as
permeated substance or permeate. The part of the input sub-
stance, which is not passing through the membrane filter is
later called as unpermeated substance or concentrate. The mem-
brane filtration unit comprises an enclosure or pressure keep-

ing structure, which is closed and sealed with a cap or by
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another way. The enclosure cap or the enclosure itself com-
prises one inlet for the input substance, one outlet for the
permeated substance and second outlet for the unpermeated sub-

stance or concentrate that is led, for instance, to the drain.

The basic idea of this innovation 1s that a portion of the
concentrate 1is arranged to circulate back totally inside the
enclosure to the upstream section of the membrane element to
be mixed with the pressurized input substance and where the
energy for maintaining the circulation is taken from the ki-
netic and pressure energy of the pressurized input substance.
With this procedure the unpermeated concentrate is returned to
be re-filtered. Benefit 1s gained from the arrangement at
least in two ways: firstly, the yield can be improved; and
secondly, the concentrate coming for re-filtering is pre-
pressurized, 1in which case costs are not incurred in this re-
spect by raising the pressure. Preferably both the substance
flow permeating the filter membrane and the substance flow not
permeating the filter membrane can be maintained with the in-
put substance flow coming from a pressurized substance source.
By suitably shaping and dimensioning the input substance flow
infeed and the unpermeated concentrate circulation, very low
energy consumption 1in maintaining the substance flow in mem-

brane element can be achieved.

In addition, keeping the concentrate circulation totally in-
side the enclosure, the apparatus is very simple, compact and
inexpensive. With the invention, both large and small plants
can be 1implemented energy-efficiently without pressure ex-
changers or corresponding energy recovery devices being need-
ed. With the solution also a rather high vyield can be
achieved, which is important e.g. in water purification, in
which pretreatment and/or the untreated water has a signifi-

cant proportion in the total costs.

The invention 1is particularly advantageous in water purifica-
tion applications, e.g. 1in desalination, 1in making process

water, boiler water or plant water, in preparing irrigation
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water or drinking water, and even for the purification of
waste water. The invention is also suited to the enrichment of
dissolved substances, e.g. in the food industry or in the min-

ing industry.

The primary conceived use of the invention is the application
of it in reverse osmosis separation. Many effects or technical
solutions are very similar in other membrane separation tech-
niques. Within the scope of applicability, the inventive solu-
tions can therefore be extended to be used in other membrane
separation procedures also, although the description and ex-
planations of the technical solutions are presented here in
this context most often in a reverse osmosis device environ-

ment.

In the following the invention will be described in more de-
tail by the aid of examples of its embodiments with reference

to the attached simplified drawings, wherein

Fig. 1 presents as a diagram a simplified apparatus ap-
plicable to the invention,

Fig. 2a presents an application of the invention,

Fig. 2b presents a solution where the concentrate circula-
tion is arranged in the first end of the membrane
element,

Fig. 3 present a second embodiment of the invention,

Fig. 4 presents a solution where the concentrate circula-
tion is arranged in an intermediate flange,

Fig. 5 presents a solution where the concentrate circula-
tion i1is arranged in a cap of the enclosure, and

Fig. 6 presents a third embodiment of the invention.
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Note, that for clarity reason, some of the sectioned drawing
lines (according to drawing codes) from the substance chan-

nels drawings are missing.

Fig. 1 diagrammatically presents a simplified apparatus ap-
plicable in the invention. A cross—-flow membrane separation
unit 1 has an enclosure 2, which comprises input substance
inlet 3i for an input substance 3, one or more ejector pumps
4, a membrane element 5 with an upstream section 5u and a
downstream section 5d, a permeate outlet 60 for a permeate 6
and an unpermeated concentrate outlet 70 for the portion of

an unpermeated concentrate 7 to be led to the drain.

The enclosure 2 1is, 1in practice, a vessel that holds pres-
sure, inside which enclosure 2 the membrane element 5, e.g. a
reverse osmosis filter membrane, is arranged. The input sub-
stance 3, e.g. pressurized tab water to be purified is fed
through each ejector pump 4 to the upstream section 5u of the
membrane element 5. Part of the input substance 3 permeates
the membrane and is led out as the permeate 6 from the perme-
ate outlet 60. The unpermeated part exits from the downstream
section 5d of the membrane element 5 as an unpermeated concen-
trate 7.

The first portion of the unpermeated concentrate 7, the por-
tion of the concentrate to be circulated, later also circula-
tory concentrate 7a, 1s circulated totally inside the enclo-
sure 2 back to the ejector pump 4, where the creating low
pressure in the input substance 3 flow sucks the circulatory
concentrate 7a to the input substance flow towards the mem-
brane element 5 and thus circulating and re-filtering the cir-

culatory concentrate 7a.

The second portion of the concentrate 7, the drain concentrate
7b, 1s led out from the enclosure 2 to the drain through the
concentrate outlet 70. The drain concentrate 7b flow magnitude

can be adjusted with the choke element 8.
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The circulatory concentrate 7a is arranged to circulate back
totally inside the enclosure 2 to the upstream section 5u of
the membrane element 5 to be mixed with the pressurized input
substance 3 and where the energy for maintaining the circula-
tion is taken from the kinetic and pressure energy of the

pressurized input substance 3.

Because of the re-circulation of the circulatory concentrate
7a the mass flow into the upstream section 5u of the membrane
element 5 1is greater than the mass flow into the enclosure 2

in the input substance inlet 3i.

Fig. 2a presents an application of the invention in a simpli-
fied and cross-sectioned side view, and Fig. 2b presents a
solution where the circulation of the circulatory concentrate

7a is arranged in the first end of the membrane element 5.

The cross-flow membrane separation unit 1 comprises the input
substance inlet 31 for incoming input substance 3, the concen-
trate outlet 70 with the choke element 8 for the drain concen-
trate 7b to be led to the drain, the permeate outlet 6o for
the permeate 6, the membrane element 5 and an ejector pump
element 10a preferably comprising one or more ejector pumps 4.
The first end of the enclosure 2 may be closed by a separable

cap or it can be permanently closed e.g. by welding.

In this embodiment of the invention the ejector pump element
10a is attached, e.g. by adhesive, to the upstream section 5u
of the membrane element 5. The ejector pump element 10a com-
prises a seal 9a, e.g. an O-ring-seal, against a permeate
channel 6p, which is arranged in the center of the membrane
unit 5, to seal the mixed input substance 3 and circulatory
concentrate 7a and to maintain the pressure of the substance
inside the membrane unit 5. The ejector pump element 10a com-
prises also a seal 9b, e.g. an O-ring-seal, against to the
inner surface of the enclosure 2 to keep the input substance 3

separated from the circulatory concentrate 7a.
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The pressurized input substance 3 flows from the input sub-
stance inlet 3i into the enclosure 2 between the closed first
end of the enclosure and the ejector pump element 10a. The
input substance 3 1is arranged to flow through each ejector
pump 4 to a diffusor 12 that is arranged to reduce the pres-
sure 1in the input substance flow thus creating low pressure
into the ejector pump system. Thanks to the low pressure the
input substance 3 flow sucks the circulatory concentrate 7a
from the concentrate channel 11. The input substance 3 and
circulatory concentrate 7a flow to the diffusor 12, where they
are mixed together and led to the upstream section 5u of the
membrane element 5. The mixed input substance 3 and circulato-

ry concentrate 7a are later called also as a mixed substance.

The mixed substance flows from the upstream section 5u of the
membrane element 5 to the downstream section 5d of the mem-
brane element 5. During the flow, a part of the mixed sub-
stance permeates to the membrane as a permeate 6 and it is led
inside the membrane roll to the permeate channel 6p, from
where it flows out from the permeate outlet 60 as a clean per-
meate 6. The unpermeated part, the concentrate 7, exits from
the downstream section 5d of the membrane element. The first
portion of the concentrate 7, circulatory concentrate 7a, 1is
led between the outer surface of the membrane element 5 and
the inner surface of the enclosure 2 to the ejector pump ele-
ment 10a to be re-circulated in the membrane element 5. The
second portion of the concentrate 7, the drain concentrate 7b,
is led to the drain through the concentrate outlet 7o0. The
drain concentrate 7b flow magnitude can be adjusted with the

choke element 8.

Fig. 3 presents a second embodiment of the invention. The
enclosure 2 comprises an openable threaded cap 13 having an
input substance inlet 3i. The permeate outlet 60 and concen-
trate outlet 70 are located at the second end of the enclo-
sure 2. The ejector pump element 10a is attached to the up-

stream section 5u of the membrane element 5 as in the first



10

15

20

25

30

35

WO 2020/120829 PCT/F12018/050930

11

embodiment. The ejector pump 4 mechanism 1s arranged perpen-
dicularly compared to the ejector pump 4 in the first present-
ed embodiment. This perpendicular ejector pump 4 arrangement

provides more space to a nozzle and to the diffusor 12.

Fig. 4 presents a solution where the concentrate circulation
is arranged in an intermediate flange. The ejector pump ele-
ment 10b 1is an intermediate flange between the enclosure cap
13 and the membrane element 5. The membrane element 5 compris-
es an end cap 5a, which has open channels for the substance to
flow inside the membrane element 5. The membrane element 5 end
cap Sa also has a central hole with sealings for the permeate

channel 6p.

When the enclosure cap 13 is rotated tightly closed, the ejec-
tor pump element 10b is set firmly between the enclosure cap
13 and the end cap 5a of the membrane element 5. The seal 9b
arranges a space for the input substance 3 inside the enclo-
sure 2 and also keeps the input substance 3 and circulatory
concentrate 7a separated from each other. The seal 9c arranges
a space for the mixed substance between the ejector pump ele-
ment 10b and the end cap 5a of the membrane element 5 and also
keeps the mixed substance and circulatory concentrate 7a sepa-
rated from each other. The seal 9a keeps the input substance 3

and mixed substance separated from each other.

The circulatory concentrate 7a 1s arranged to flow between
the outer surface of the membrane element 5 and the inner
surface of the enclosure 2 from downstream section 5d of the
membrane element 5 to the ejector pumps 4 of the ejector pump
element 10b. The input substance 3 flows to the ejector pumps
4 to a diffusor 12 as is described above. The input substance
3 flow sucks the circulatory concentrate 7a from the concen-
trate channel 11. The input substance 3 and circulatory con-
centrate 7a flow to the diffusor 12, where they are mixed to-
gether, and led to the channels of the end cap 5a of the mem-

brane element 5. The mixed substance flows from the upstream
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section 5u of the membrane element 5 to the downstream section

5d of the membrane element b.

Fig. 5 presents a solution where the concentrate circulation
is arranged in a cap of the enclosure. The ejector pump ele-
ment 10c is integrated to the enclosure cap 13. The membrane
element 5 comprises an end cap 5a, which has open channels for
the substance to flow inside the membrane element 5. The mem-—
brane element 5 end cap 5a also has a central hole with seal-

ings for the permeate channel 6p.

When the enclosure cap 13 is rotated tightly closed, the inte-
grated ejector pump element 10c is set firmly upon the end cap
5a of the membrane element 5. The seal 9b arranges a space for
the mixed substance between the ejector pump element 10c and
the end cap ba of the membrane element 5 and also keeps the
mixed substance and circulatory concentrate 7a separated from
each other. The seal 9a keeps the mixed substance inside the

enclosure 2.

The circulatory concentrate 7a 1s arranged to flow between
the outer surface of the membrane element 5 and the inner
surface of the enclosure 2 from downstream section 5d of the
membrane element 5 to the ejector pumps 4 of the ejector pump
element 10c. The input substance 3 flows through the ejector
pumps 4 to a diffusor 12. The input substance 3 flow sucks the
circulatory concentrate 7a from the concentrate channel 11.
The input substance 3 and circulatory concentrate 7a flow to
the diffusor 12, where they are mixed together, and led to the
channels of the end cap 5a of the membrane element 5. The
mixed substance flows from the upstream section 5u of the mem-
brane element 5 to the downstream section 5d of the membrane

element 5.

Fig. 6 presents a third embodiment of the cross—-flow membrane
separation unit in a simplified and cross-sectioned diagram
figure. The input substance inlet 3i, the permeate outlet 60

and the concentrate outlet 70 are all at the same end of the
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enclosure 2. In this embodiment the upstream section b5u of
the membrane element 5 is at the cylindrical outer periphery
of the membrane element 5 and the downstream section 5d of
the membrane element is at the cylindrical inner periphery of

the membrane element 5 near the permeate channel 6p.

The input substance 3 is fed through the ejector pumps 4 with
the circulatory concentrate 7a to between the inner surface
of the enclosure 2 and the outer surface of the membrane ele-
ment 5. This mixed substance is in contact to the outer sur-
face of the membrane element 5 1in the whole length of the
membrane element 5. The permeate 6 1s penetrating through the
membrane layer to the “permeate pouch”, where the permeate 6
is circulating substantially sprirally towards to the down-
stream section 5d of the membrane element 5 and finally to
the permeate channel 6p from which the permeate 6 1is led out
from the permeate outlet 60. The unpermeated concentrate 7 is
also circulating substantially sprirally between the “perme-
ate pouch” surfaces towards to the downstream section 5d of
the membrane element 5 and finally to the discharge channel
7p. A portion of the concentrate 7, the circulatory concen-
trate 7a, 1is led to re-circulation to the membrane element 5
through the ejector pumps 4. Another portion of the concen-
trate 7, the drain concentrate 7b, is led to concentrate out-
let 70, where the drain concentrate 7b flow magnitude can be
adjusted with the choke element 8.

All types of the cross-flow membrane separations units can be
equipped with the presented ejector pump elements 10a, 10b or
10c. The presented ejector pump elements 10a, 10b and 10c
each may comprise one or more ejector pumps 4. The cross-flow
membrane separation unit according to the invention may uti-
lize wvarious types of separation methods, 1like for example
micro—, ultra- or nanofiltering, or reverse osmosis. Also, the
substance to be separated may be e.g. gas or liquid, like wa-

ter containing contaminants.
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It is obvious to the person skilled in the art that the in-
vention is not limited to the examples described above, but
that it may be varied within the scope of the claims present-
ed below as well as of the description and the drawing pre-
sented. For example, the position of the input substance in-
let, permeate outlet and concentrate outlet may vary in any
combination of positions, which also has effect to ejector
pump element construction. The most important technical ef-
fect of this invention is, however, that a portion of the
unpermeated concentrate, the circulatory concentrate, is cir-
culated back to the membrane element totally inside the en-

closure, where the membrane element is located.
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CLAIMS

1. Arrangement in a cross—-flow membrane separation unit, com-
prising a membrane element (5) and a pressure keeping struc-
ture enclosing the membrane element (5), into which enclosure
(2) a pressurized input substance (3) 1s led, out of which
enclosure (2) are outputs for the separated parts of the input
substance (3), where the input substance (3) 1is led into an
upstream section (5u) of the membrane element (5), a part of
the input substance (3) 1is arranged to permeate in the mem-
brane as a permeate (6), and the unpermeated part, a concen-
trate (7), 1is arranged to exit from the downstream section
(5d) of the membrane element (5), characterized in that the
mass flow into the upstream section (5u) of the membrane ele-

ment (5) is greater than the mass flow into the enclosure (2).

2. Arrangement in a cross—flow membrane separation unit ac-
cording to claim 1, characterized in that a portion of the
concentrate (7) 1is arranged to circulate back inside the en-
closure (2) to the upstream section (5u) of the membrane ele-
ment (5) to be mixed with the pressurized input substance (3)
and the energy for maintaining the circulation is taken from

the energy of the pressurized input substance (3).

3. Arrangement 1in a cross—-flow membrane separation unit ac-
cording to claim 1 or 2, characterized in that the a portion
of concentrate (7) releasing from the downstream section (5d)
of the membrane element (5) 1is arranged to be led between the
outer surface of the membrane element (5) and the inner sur-
face of the enclosure (2) to circulate back to the membrane

element (5) upstream section (5u).

4, Arrangement in a cross—flow membrane separation unit ac-
cording to claim 1 or 2, characterized in that a portion of
the concentrate (7), which is releasing from the downstream
section (5d) of the membrane element (5) is arranged to be led
via a discharge channel (7p) to circulate back to the membrane

element (5) upstream section (5u).
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5. Arrangement 1in a cross—-flow membrane separation unit ac-
cording to any of preceding claims 1 - 4, characterized in
that the separation unit (1) comprises an ejector pump element
(10a, 10b, 10c) maintaining the circulation, and which ejector
pump element (10a, 10b, 10c) comprises one or more ejector
pumps (4) each comprising a nozzle for the input substance
(3), a channel (11) for the circulatory concentrate (7a) and a

diffusor (12) for mixing the substances (3, 7a).

6. Arrangement in a cross—-flow membrane separation unit ac-
cording to claim 5, characterized in that the ejector pump
element (10a) 1is attached to the end of the membrane element
(5).

7. Arrangement 1in a cross-flow membrane separation unit ac-
cording to claim 5 or 6, characterized in that the ejector
pump element (10a) comprises a seal (9b) between the ejector
pump element (10a) and the enclosure (2) inner surface, and
that the seal (9b) 1s arranged to separate the channels of the
circulatory concentrate (7a) and the input substance (3) from

each other.

8. Arrangement in a cross—-flow membrane separation unit ac-
cording to claim 5, characterized in that the ejector pump
element (10c) is integrated into the cap (13) of the enclosure

(2) or into the end of the enclosure (2).

9. Arrangement in a cross—-flow membrane separation unit ac-
cording to claim 8, characterized in that the ejector pump
element (10c) comprises a seal (9c) between the ejector pump
element (10c) and an end cap (5a) of the membrane element (5),
and that the seal (9c) 1is arranged to separate the channels
for the circulatory concentrate (7a) and the mixed substance

from each other.

10. Arrangement in a cross—flow membrane separation unit ac-

cording to claim 5, characterized in that the ejector pump
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element (10b) is placed between the cap (13) of the enclosure

(2) and the membrane element (5).

11. Arrangement in a cross—flow membrane separation unit ac-
cording to claim 10, characterized in that the ejector pump
element (10b) comprises a seal (9b) between the ejector pump
element (10b) and the enclosure (2) inner surface, and that
the seal (%) 1is arranged to separate the channels for the
circulatory concentrate (7a) and the input substance (3) from
each other, and that the ejector pump element (10b) comprises
a seal (9c) between the ejector pump element (10b) and the end
cap (5a) of the membrane element (5), and that the seal (9c¢)
is arranged to separate the channels for the circulatory con-

centrate (7a) and the mixed substance from each other.

12. Arrangement in a membrane separation unit according to any
0of preceding claims 1 - 11, characterized in that the separa-

tion is micro-, ultra- or nanofiltering, or reverse osmosis.

13. Arrangement in a membrane separation unit according to any
0of preceding claims 1 - 12, characterized in that the separat-

ed substance is water containing contaminants.
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