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A filter unit (1) has a plurality of filter elements (7) extending from a plate (6, 32) which divides the unit into a lower inlet side
(9) for gas carrying product and an upper outlet side (8) for filtered clean gas. A cleaning-in-place of the filter elements is performed by
supplying cleaning liquid in a sequence of several separate liquid pulses which are mixed with the pressurized gas pulses. The ejection
of the individual pulse of pressurized gas is initiated at the earliest simultaneously with or after initiation of ejection of the corresponding

pulse of cleaning liquid.




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cée d'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Esionia

ES
FI
FR
GA
GB
GE
GH
GN

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Isracl

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslavy
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
™
TG
T)
™
TR

Slovenia

Siovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/00001 PCT/DK97/00495

A method of cleaning a filter unit, and a filter unit

for filtering gas.

The present invention relates to a method of
5 cleaning a filter unit of the type comprising a plural-
ity of filter elements extending from a plate dividing
the unit into a lower inlet side for gas carrying
product and an upper outlet side for filtered gas,
wherein during cleaning-in-place of the filter elements
10 in between periods of operation of the filter unit a
cleaning liquid and pulses of pressurized gas are mixed
on the outlet side of the filter element and supplied
to the interior of the filter element.

Such a method is disclosed in WO 97/14288 which
15 describes a spray drying apparatus with an integrated
filter unit. During operation of the apparatus pressur-
ized gas is supplied from the outlet side of the filter
unit by means of nozzles placed immediately above the
openings of the filter elements in reverse flow to the
20 interior of the filter elements in order to prevent
excessive product build-up on the external filter
surface. In addition the filter elements are cleaned
between periods of operation by supplying a cleaning
liquid through nozzles to the interior of the filter
25 elements. To promote the distribution of the cleaning
liquid over the entire internal surface of the filter
walls the cleaning liquid is mixed with pulses of
pressurized gas. The cleaning of the filter elements
from the inside may be assisted by a simultaneous

30 washing of the external side of the filter elements.
Danish Patent Application DK 795/93 describes a
method of cleaning porous filter elements of the type
used for removing particles from a process gas. The
filter unit may be external to or integrated in a

35 drying, granulating, coating or spray drying device.
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Between periods of operation, cleaning liquid is sup-
plied to and distributed over the internal filter
surface by means of circular channels arranged at the
outlet side of the filter unit around the openings of
5 the filter elements. At the same time pulses of pres-
surized gas, such as air, are supplied through nozzles
to the interior of the filter elements in order to
support the cleaning effect. The cleaning liquid can
also be supplied by means of nozzles. During operation
10 the filter unit is cleaned by supplying reverse flow
pulses of pressurized gas to the filter elements.

United States Patent 4,731,100 describes a method
of cleaning a gas filtering apparatus between periods
of operation. A plurality of filter elements are vertj-

15 cally suspended in a plate and they can be washed on
the product side by several radially displaced spray
nozzles directing cleaning liquid to the external
surface of the filter elements, and on the outlet side
for filtered gas by spray nozzles placed inside the

20 filter elements. When washing is effected the spray
nozzles are displaced vertically in order to wash the
whole filter surface. The cleaning effect can be inten-
sified by switching on a conventional pneumatic clean-
ing system during the washing of the filter elements.

25 The displaceable nozzles make the system complicated
and time consuming to operate.

From FR-A 2702672 it is known to have a filter
unit which is divided by a plate carrying filter
elements and has liquid nozzles positioned in the plate

30 between the elements in order to spray water out
horizontally onto the surface wall of the elements.

The known methods of cleaning filters when not in
operation suffer from several disadvantages, the major
one being a requirement for large flow rates of clean-

35 ing liquid in order to obtain filters cleaned to a
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satisfactory degree before they once again are set in
operation. The high flow rates have been obtained by
using excessively large quantities of 1liquid or by
recycling collected cleaning liquid with the conse-
5 quence that small product particles dispersed in the
cleaning liquid are transferred to the clean outlet
side. The flow rate of cleaning liquid in the prior art
filters is typically larger than 500 litres per hour
per square metre of filter wall surface. The total
10 amount of liquid spent in one cleaning-in-place oper-
ation with prior art systems using recirculation is
typically in the orxrder of 30 to 50 litres per square
metre of filter wall surface for each cleaning step
and, typically, at least 3 to 6 cleaning steps are
15 required in these prior art methods using recycling.
The present invention aims at reducing the amount °
of cleaning liquid required to perform a cleaning of
the filter elements between periods of operation.
In view of this the method according to the
20 invention is characterized in that during the cleaning-
in-place operation the cleaning liquid is supplied in
a sequence of several separate liquid pulses which are
mixed with the pressurized gas pulses into common
pulses of gas and cleaning liquid by initiating the
25 ejection of the individual pulse of pressurized gas at
the earliest simultaneously with or after initiation of
ejection of the corresponding pulse of cleaning liguid.
By supplying the cleaning 1liquid in separate
pulses into the filter elements in the reverse flow
30 direction brings a considerable saving in consumed
liguid. The mixing of the two pulses into a common
pulse in such a manner that the liquid pulse is issued
from the supply source, or at least its discharge has
begun, before another supply source initiates discharge
35 of the gas pulse gives the advantage that all the
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liquid injected to a mixing area is effectively mixed
into the gas and is then delivered to the filter wall
in a relatively short pressure pulse.

The method according to the invention produces a
surprisingly high cleansing effect of the cleaning
liquid utilized, which allows for a drastic reduction
of the 1liquid amount used for a complete cleaning
operation. Due to the complex fluid dynamic situation
involving 3-dimensional two-phase flow mixing under
dynamic and fully transient conditions, the synergetic
effect of puls supplying both the liquid and the gas
and by withholding the gas pulse in relation to the
corresponding liquid pulse can not be readily
explained, but is assumed to be a result of a mixing
into a common pulse with a favourably even dispersion
of the liquid into the gas.

Naturally it is possible to use several litres of
liquid for each pulse, especially if the filter element
is large with a filter wall surface of more than one
square metre. However, in a preferred method the amount
of cleaning liquid ejected during each separate liquid
pulse is less that 1 litre. This small amount of liquid
is finely dispersed in the air and can quite surpris-
ingly subject a filter wall surface of several square
metres to an effective cleansing effect. It is even
more preferable to use less than 0.5 litre cleaning
liquid for each pulse because this allows the filter
unit to be designed with suitably small nozzle devices
above the filter elements.

In order to obtain the desired cleanliness of the
filter more pulses have to be used. The required number
of pulses depends on the type of filter and of the kind
of product filtered off from the process gas. Some
products may require many pulses and thus a water

consumption of e.g. 15 litres per square metre filter

¥
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wall. However, it 1is preferred that the aggregate
amount of cleaning 1liquid pulsed into the filter
elements during a complete cleaning-in-place operation
is at the most 10 litres per square metre of cleaned

5 filter wall surface. This provides a considerable
saving in cleaning liquid, and in case of a contaminent
product less amounts of waste 1liquid needs to be
purified. An even larger advantage can be obtained by
suitably keeping the amount of cleaning ligquid pulsed

10 into the filter elements on less than 5 litres per
square metre.

It will normally Dbe fully sufficient if the
ejection duration of each pulse of cleaning liquid is
at the most 5 seconds. Although it is possible to use

15 more extended pulses such as of 10 seconds, the upper
limit of 5 seconds will do for most practical applica-
tions because cleaning liquid is saved by using more
pulses of considerably shorter duration than by using
fewer long pulses. Even in case of sparingly soluble

20 products it is often preferable to issue a short pulse
and then to wait some minutes before issuing the next
pulse in order to let the cleaning liquid act on the
product during the interval between the pulses.

In order to further save cleaning liquid the

25 duration of each pulse of cleaning liquid is suitably
kept within the range of 0.05 to 1 second. This short
liquid pulse makes it possible to initiate the gas
pulse after termination of the liquid pulse and yet
obtain the desired mixing into a common pulse. This is

30 of special advantage in filter units having main supply
lines that are simultaneously open to several nozzle
devices, because the pressurized gas supplied to the
nozzle devices is prevented from flowing backwards into

the liquid main line when this has resumed its closed
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state at the termination of the liquid supply to the
devices.

The duration of each liquid pulse can even more
preferably be in the range of 0.1 to 0.5 second as the

5 upper limit of 0.5 second ensures that the major
portion of the liquid is passing into or through the
wall material in an approximately evenly distributed
manner due to the pulse mixing.

The mass of cleaning liquid in a single liquid

10 pulse is preferably kept within the interval of 0.75 to
8 times the mass of gas in the corresponding gas pulse
as this on the one hand provides for an appropriately
dense dispersion of liquid in the common pulses and on
the other hand provides the common pulse with an amount

15 of kinetic energy that produce a good distribution of
the pulse over the area to be cleaned.

Due to its low 1liquid consumption the method
according to the invention makes it possible to avoid
waste of product cleaned off the filter elements. It is

20 preferred that the cleaning liquid after having passed
through the filter elements is collected, and the
product cleaned from the filter is reclaimed or util-
ized. If the product type allows so, the product can be
reclaimed. This is, inter alia, relevant for a filter

25 unit used in a spray drying apparatus for making dyes
or other non-edible products. The spent cleaning liquid
can be returned to the liquid feeding system for the
spray dryer. If the filter unit is part of a spray
drying system for pharmaceuticals it may also be

30 allowable to return the collected liquid to the feed
side of the spray dryer at a point downstream of the
last formulation step, but upstream of the last product
cleaning step. It may in certain cases be permitted in
a plant for processing foodstuffs to return the col-

35 lected liquid to an earlier processing step, such as to
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the feed side of a milk spray dryer. Even in case it is
not permitted to make such return, the collected liquid
can, due to its high contents of product, be utilized
as a separate produce, such as fodder for livestock.

5 It is preferred that the collected cleaning liquid
includes at 1least 2 per cent by weight of product
cleaned from the filter. This is sufficient to allow
for an economically viable reuse or reclaimation of the
product, resulting in benefits for both the operator of

10 the plant with the filter unit and for the environment.
In comparison, the waste liquid from prior art filter
units typically include at the most 0.2% by weight of
dry matter, and this is so 1little as to render the
waste liquid wuseless for practical purposes, and

15 furthermore it is expensive to dispose of the waste
liquid because of the large amounts of liquid spent. In
an even more advantageous method according to the
invention the collected cleaning 1liquid includes at
least 4 per cent by weight of filtered off dry matter.

20 The low consumption of cleaning liquid further
gives the possibility of operating the filter unit in
such a manner that only fresh cleaning liquid is used
as ligquid pulsed into the filter on its outlet side
during the entire cleaning-in-place operation. By doing

25 so recycling of used cleaning liquid to the clean
outlet side for filtered gas is completely avoided
which is a major advantage when cleaning-in-place is
also to be performed on the outlet side in order to
obtain a very clean filter unit. The recycling commonly

30 used in prior art filters brings the disadvantage that
small product particles are entering the filter
material from the clean outlet side via the recycled
cleaning liquid. Thus a certain amount of old product
material is present in a newly cleaned filter. This is

35 avoided by using the latter method according to the
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invention which makes this method preferable in case

the product filtered off is required to have a very

high and uniform standard, or if the filter unit is

cleaned for switching to filtration of another product.

5 The amount of cleaning liquid required to complete

a cleaning-in-place operation of course depends on the

amount of product deposited in or clinging onto the

filter wall at the beginning of the cleaning operation.

Measures reducing this amount of product assist in

10 obtaining the desired low consumption of liquid. In a

further development of the invention cleaning is per-

formed during operation of the filter unit by supplying

first pulses of pressurized gas from the outlet side of

the filter to the interior thereof, and by supplying

15 through nozzles positioned in between the filter

elements at the plate dividing the unit secondary

pulses of pressurized gas from the inlet side to the

exterior of the upper ends of the filter elements. It

is well-known that the first pulses by their reverse

20 flow action reduce the amount of product on the filter

elements so that the pressure drop across the filter
elements is maintained at an acceptable level.

The secondary pulses of pressurized gas flow in

the same direction as the process gas to be filtered,

25 but surprisingly they nevertheless act to keep product

from accumulating on the filter elements. During normal

filtration product may accumulate at the top end of the

filter elements where the reverse flowing first pulses

of gas have problems in loosening the product particles

30 from the filter wall, and product particles will

furthermore be deposited on the lower side of the plate

carrying the filter elements. The product particles may

have a tendency of building up cakes of deposits of a

thickness that prevents flushing away of the deposits

35 when subjected to the action of cleaning liquid. When
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wetted by cleaning liquid a surface layer of the
deposits tends to encapsulate the underlaying deposits
and prevent these from being cleaned off. By applying
the secondary pulses of gas during normal operation of
5 the filter unit the deposits on the lower side of the
plate and in the top end of the filter elements are
blown away or reduced in thickness to the extent that
the deposits can readily be washed away by the cleaning
liguid. The gas used can e.g. be air, an inert gas, a
10 conditioned gas or steam.

Preferably, the secondary pulses are supplied in
a sequence controlled independently of the sequence of
first pulses. This simplifies the control and allows
the frequency of the secondary pulses to be set accord-

15 ing to the tendency of the current product to build up
deposits. However, it may be possible to strengthen the
cleaning action by supplying each of the secondary
pulses concurrently with an associated first pulse.

During the actual cleaning-in-place operation a

20 supplement of cleaning liquid can also be supplied from
the inlet side to the exterior of the upper ends of the
filter elements through nozzles positioned in between
the filter elements at the plate dividing the unit, and
for the sake of simplicity this cleaning liquid can be

25 supplied through the same nozzles as supplies the
secondary pulses of pressurized gas.

Remains of the cleaning 1liquid used during a
cleaning-in-place operation can be left on the upper
side of the plate dividing the unit. This liquid can

30 prevent a complete cleaning of the filter unit or
require use of labour to perform a manual cleaning or
drying away of the liquid. In order to ease the clean-
ing and prevent use of further cleaning 1liquid the
method according to the invention can include that

35 substantially all cleaning liquid present on the upper
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surface of the plate dividing the unit after performing
a cleaning-in-place operation is drained to the lower
side of the plate by capillary effect of filter medium
of the filter elements. The filter elements are almost
5 permanently mounted in the plate, and the removal of
the liquid by capillary effect is a very reliably
manner of removal of the liquid remaining after the
cleaning operation. When the liquid has been drained to
the lower side of the plate it is evaporated from the
10 filter material into the gas flowing through the filter
elements.

The present invention furthermore relates to a
filter unit for filtering gas, comprising a plurality
of filter elements extending from a plate dividing the

15 unit into a lower inlet side for gas carrying product
and an upper outlet side for filtered gas, a plurality-
of nozzle devices arranged at the outlet side of the
filter elements, a supply of cleaning ligquid to the
nozzle devices, and a supply of pressurized gas to the

20 nozzle devices, the nozzle devices being positioned
opposite gas outlet openings of the filter elements.

According to the invention the filter unit 1is
characterized in that each nozzle device comprises a
mixing chamber which has a gas inlet opening connected

25 to the supply of pressurized gas and a cleaning liquid
inlet opening, and which at the bottom end has an
outlet opening directed towards the gas outlet opening
of the associated filter element, and that the internal
volume of the mixing chamber can accommodate at least

30 half of the aggregate amount of cleaning liquid ejected
during a liquid pulse.

One function of the mixing chamber is to retain
liquid supplied by the liquid pulse until the gas pulse
is supplied so that the two pulses are mixed into a

35 common pulse. The mixing chamber gives more freedom in
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the timing of the supply of the gas pulse so that the
two pulses need not coincide, and also the mixing
itself is improved because it occurs at least partially
in the confined chamber. The volume of the mixing
chamber is sufficiently large to receive a significant
portion of the full cleaning liquid pulse.

Filter units are made in various sizes ranging
from small filters for test purposes or for pharma-
ceutical applications to very large industrial filters
including hundreds of filter elements. It is preferred
that a plurality of mixing chambers are connected to a
main supply line for cleaning liquid and to a main
supply line for pressurized gas, and that the cross-
sectional area of the main supply line for cleaning
liquid is larger than the total area of the cleaning
liquid inlet openings. The filter unit design is
simplified by connecting several of the mixing chambers
to a single main line and the number of movable mem-
bers, such as valves, is reduced which simplifies
control of the unit. By making the cross-sectional area
of the liquid main lines larger than the total area of
the cleaning 1liquid inlet openings to the mixing
chambers connected to the main 1line, the cleaning
ligquid will have a sufficient pressure at the last
inlet opening on the line to cause ejection through
that opening when the main line has opened for delivery
of liquid pulses.

Although it is possible in case of smaller filter
units to connect all mixing chambers to a single pair
of main lines, it is preferable that the filter unit
includes several pairs of main supply lines for clean-
ing liquid and pressurized gas, respectively, and that
at the most 20 mixing chambers are connected to a pair
of main supply lines. For a given number of filter

elements the operating conditions in the mixing cham-

PCT/DK97/00495
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bers and thus the cleaning effect on the associated
filter elements become more even when more pairs of
main lines are used. If more than 20 mixing chambers
are connected to a pair of main lines, the mixing

5 chambers positioned farthest away from the inlet side
of the pair of mains will not function properly due to
insufficient pressure supply, or the mixing chambers
closest to said inlet side will malfunction due to
excessive pressure supply.

10 In a constructionally very simple embodiment
having high reliability the gas inlet and the liquid
inlet openings of the mixing chambers are permanently
open to influx from the main supply lines, and each
main supply line includes a single control valve which

15 opens or closes for all of the mixing chambers con-
nected to that main supply line. The reliability is
enhanced by the use of only one control valve per main
line and the connection of the mixing chambers to the
main lines can be made, e.g. by mounting the chamber

20 onto the main line and providing the main line with a
bore debouching in the chamber or by connecting the
chamber to the main line via a piece of tubing. It is
possible to provide the mixing chamber with a check
valve at one or both connections to the main lines so

25 that only influx to the chamber is permitted and not a
return flow to the main line. However, it is normally
preferred simply to have a flow passage that is perma-
nently open to flows between the main line and the
chamber because this is the most fast acting, reliable

30 and simple design.

As mentioned above, advantages are obtained by
supplying secondary gas pulses during operation of the
filter unit. In an embodiment designed for this, gas
nozzles are mounted at the plate dividing the unit at

35 positions in between the filter elements, and in their
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open position the gas nozzle openings eject pressurized
gas along the lower side of the plate towards the top
portion of the filter elements on the inlet side. The
gas ejected blows away product particles clinging to
5 the lower side of the plate and to the top of the
filter elements and counteract formation of deposits
which will have to be washed off during a cleaning-in-
place operation.
In a further development wherein several gas

10 nozzles are connected to a common supply line which can
alternatively be connected to either a source of
pressurized gas or to a source of pressurized cleaning
ligquid, the nozzles are also utilized to supply clean-
ing liquid during the cleaning-in-place operation.

15 In a preferred embodiment the completion of a full
cleaning-in-place operation is facilitated by designing
the filter elements with capillary active filter wall
material that is in open and unshielded contact with an
area of the upper surface of the plate and is continu-

20 ing down into the filter wall extending into the lower
inlet side of the unit, and by making the upper surface
of the plate free from barriers so that liquid has free
flow access to the unshielded filter wall material.
With this design, the cleaning liquid left on the upper

25 surface will be transported by the filter elements to
the lower side of plate. As an alternative design, the
plate dividing the unit can be mounted in an inclined
position so that the upper surface of the plate has a
sufficient slope to cause the liquid to be drained off.

30 Examples of the invention will in the following be
described in further detail with reference to the
accompanying very schematic drawings, in which

Fig. 1 is a part-sectional view of one embodiment
of a filter unit according to the invention;
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Fig. 2 is a sectional view of the upper part of
the filter unit with nozzle devices;
Fig. 3 is a sectional top view of the filter unit
in Fig. 2;
5 Fig. 4 shows one embodiment of the mixing chamber
and main supply lines;
Fig. 5 shows an air nozzle mounted in the plate
dividing the filter unit;
Fig. 6 outlines a filter unit integrated in a
10 spray drying apparatus;
Fig. 7 is a part-sectional view of a filter
element mounting and an associated venturi tube;
Fig. 8 shows a detail of the filter element
mounting in Fig. 7; and
15 Fig. 9 is a diagram illustrating test data from an
example of cleaning-in-place according to the inven-
tion.
Fig. 1 shows a separate filter unit 1 according to
the invention, which is employed for separating product
20 particles from a process gas or scavenging air coming
from a spray drying apparatus, a fluid bed apparatus,
a drying apparatus, an agglomeration apparatus or the
like using air or gas in the treatment of particulate
or dustlike products. The products can be e.g. food-
25 stuffs, diaries, pharmaceuticals, dyestuffs, chemical
products etc, and some of the products may be poisonous
or polluting. The process gas can be e.g. ambient air,
heated air or gas, inert gas, such as N2, special gas
compositions inert to the products treated in the
30 apparatué, superheated steam or conditioned air or gas.
The filter housing is composed of a vertically
arranged cylindrical upper section 2 connected with a
downward tapered lower section 3. An inlet 4 for gas
carrying with it product to be filtered off is arranged

35 in the lower part of the cylindrical section 2 and an
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outlet 5 for filtered clean gas 1s arranged in the
upper part of sgection 2. At the bottom of the lower
section 3 1s arranged an outlet port 10 for the
retained product.

5 A horizontal plate 6 dividing the housing in an
upper outlet side 8 and a lower inlet side 9 is
arranged in the upper part of the cylindrical section
2 below outlet 5. The plate 6 has a number of holes, in
which elongated tubular filter elements 7 are suspended

10 approximately vertically with their openings 7' opening
upwards to the outlet side 8. The filter elements 7 can
be bag-shaped and made of a filter wall material that
can be a substantially soft material, such as a polymer
felt or weave, supported by a basket in the interior of

15 the bag, or can made from be a self-supporting substan-
tially rigid porous material, such as metal, sintered-
or woven fibres, or ceramics.

During operation of the filter unit 1 gas carrying
product enters from the inlet 4 and flows into the area

20 around the filter elements on the lower inlet side 9 of
the housing. The gas continues through the walls of the
filter elements 7 and flows up to the upper outlet side
8 for clean filtered gas and eventually exits through
the outlet 5. As the gas passes the filter walls

25 product carried by the process gas is retained by the
filter elements 7. The retained material is partially
left on the filter elements and partially drops down
and accumulates in the lower section 3. The accumulated
product can then be extracted through the outlet port

30 10.

The filter unit can be made in a range of sizes.

For pharmaceutically use the filter unit may have from
only a few filter elements with a total filter area of

a few square metres to many filter elements with a

35 total area of up till about 100 square metres. For
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diary use or industrial uses a larger sized filter unit
normally has in the range of 50 to 500 filter elements
with a total filter area in the range of 200 to 1000
square metres. The advantages of using the method
5 according to the invention are growing with the size of
the filter unit, up to a certain size. The individual
filter element 7 has typically a length in the interval
of 1-6 m and a diameter in the interval of 0.1-0.3 m.
Fig. 2 shows a slightly enlarged view of the upper
10 outlet side 8. Five filter elements 7 are arranged in
a row of holes in the plate 6. A so-called venturi tube
11 is arranged coaxially with and above the opening 7'
of each filter element 7. The venturi tube 11 tapers
towards the filter opening so that a fluid flow
15 injected through the tube 11 is speeded up before entry
to the interior of the filter element 7. A nozzle
device for injection of fluida to the interior of the
filter unit 7 is arranged above each venturi tube 11.
In some filter units it may be possible to omit the

20 venturi tube.

A mixing chamber 12, shown in further detail in
Fig. 4, 1is hollow and has a lower outlet 13 facing
venturi tube 11. The chamber can also be given other
shapes than shown, e.g. spherical, ellipsoid, conical,

25 turbinate, cylindrical, cube-shaped or box-shaped, or
combinations of such shapes.

The mixing chamber is connected to a pressurized
gas or air main supply line 18, e.g. by welding onto
the pipe constituting the line, and an inlet opening 15

30 for the pressurized gas is made as a bore connecting
the interior of the mixing chamber with the supply
line. When air is admitted to supply line 18 a pulse of
pressurized air flows through opening 15 into the
mixing chamber 12. The air pulse which is admitted

35 through opening 15, flows towards outlet 13 and
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achieves a flow direction aimed at passing through
venturi 11 and down into the interior of the filter
element.

A main supply line 19 for cleaning ligquid is con-
nected to the chamber 12 via a branch pipe 16 ending at
a liquid inlet opening 17 below the top of the mixing
chamber. When cleaning liquid is admitted to line 19 a
pulse of liquid flows through opening 17 into the
mixing chamber.

Fig. 3 shows a top view of the upper outlet side
8 of the filter unit 1 according to Fig. 2. Five pairs
of gas main supply lines 18 and cleaning liquid main
supply lines 19 with associated nozzle devices are
arranged above and parallel to five respective rows of
filter elements 7 mounted in the plate 6. All air main
supply lines 18 are fed with pressurized air from a
common air pressure vessel 20 extending transverse to
the lines 18 outside the housing of the filter unit 1.
The air vessel 20 can be charged with air by means of
a conventional air compressor.

A control valve 44 in each gas main supply line 18
controls the air delivery to the mixing chambers 12.
When a pulse of pressurized air is to be injected into
the mixing chambers mounted on the main supply line the
control valve 44 is actuated to open position at the
desired instant and for the desired duration of the gas
pulse. Control valves 44 can be electronically actu-
ated, e.g. by solenoid valves controlled by a central
processing unit, or they can be activated by mechanical
timers that can be manually set to the desired timing.

All cleaning liquid main supply lines 19 are fed
from a common supply line 21 arranged above the air
vessel 20. The supply of cleaning liquid to each of the
lines 19 is likewise controlled by a contrcl valve 45.
When a pulse of cleaning liquid is to be injected into
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each of the mixing chambers connected to the individuel

line 19 the associated control valve 45 is actuated at

the desired instant and for the desired duration of the

liquid pulse. The means of actuation is preferably of
5 the same kind as for control valves 44.

The operation of control valves 44 and 45 are
synchronized to obtain the above mentioned mixing of
the pulses into a common pulse. This is preferably done
by opening for valve 45 for a duration determining the

10 amount of liquid released into each mixing chamber, and
by opening for valve 44 immediately after valve 45 has
been closed, and thereby admit the gas pulse to the
mixing chamber while the 1ligquid is suspended or
retained in the mixing chamber. Preferably, the allow-

15 ance for delay in initiating the gas pulse is increased
by adapting the inlet opening 17 to the shape of the
mixing chamber so that the liquid is set up in a whirl
motion in the mixing chamber. The increased allowance
for delay makes the cleaning system more stable to

20 fluctuations in the control system. The inlet opening
can, for instance, be oriented to eject the inflowing
liquid into the mixing chamber in a tangential flow
direction that suitably can be oriented in a plane
transverse to the longitudinal axis of the mixing

25 chamber.

The cleaning 1liquid pulsed into the filter
elements 7 during a cleaning-in-place operation pass
the filter material and flows down into the bottom of
the lower section 3 together with the washed off

30 product, and is retracted via a liquid outlet and
collected in a reservoir.

Air or gas nozzles 22 are mounted in the plate 6
on either side of the rows of filter elements 7
arranged in the plate 6. In Fig. 3 the gas nozzles 22

35 are indicated by crosses. On the lower inlet side 9 of
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the filter unit 1 the gas nozzles eject pressurized gas
during operation of the unit in directions parallel to
the surface of plate 6. The gas nozzles 22 are evenly
distributed in between the filter elements 7 in such a
5 manner that most of, or all, the filter elements are
surrounded by four gas nozzles. When in the open state
the gas nozzle 22 is adapted to radially direct an air
flow along the lower side of the plate 6 and towards
the top portion of the filter elements 7. In the inter-
10 vals between issuance of the gas pulses the gas nozzles
are typically adapted to be in the closed position by
means of a return spring prestressing the movable valve
body.
One of the nozzles 22 is shown in an enlarged view
15 in Fig. 5. The nozzles 22 are fed from parallel main
supply lines 23 extending above the rows of nozzles 22
and connected with a pressurized air vessel 20’ via
control valves 24. During a normal filtering operation
first pulses of pressurized gas can be injected into
20 the filter elements by the main lines 18 and the mixing
chambers 12 but without supplying any cleaning liquid,
and secondary pulses of pressurized gas can be ejected
from nozzles 22.
The main supply lines 23 can furthermore be con-
25 nected to a common supply line 26 for cleaning liquid
to be used for a cleaning-in-place operation between
periods of operation of the filter unit 1. For this
purpose admission of liquid to each main supply line 23
is regulated by a control valve 46 which can be actu-
30 ated in the same manner as control valve 44. The
nozzles 22 can be of the automatically retractable type
of the make Niro A/S, Denmark and the component name
"Cleaning-in-Place (CIP) Nozzle".
The filter unit 1 can as an alternative to being

35 a separate unit connected to a gas outlet for process-
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ing gas be integrated into the processing unit, such as
a spray drying apparatus 27, a fluid bed drying appar-
atus or the like, as shown in Fig. 6.

Drying gas is introduced from a supply line 28 and
secondary gas 28’ to an integrated fluid bed and the
product is supplied by a spray drying device 29
arranged centrally in a top plate 32 of a processing
chamber 31. The plate 32 divides the integrated filter
unit into the upper outlet side 8 and the lower inlet
side 9 constituted by the processing chamber 31. A
plurality of filter elements 7 are arranged in groups
around the spray drying device and extend from this
plate 32 in the same manner as described above in
connection with Figures 1-3. The drying gas exits the
processing chamber 31 through filter elements 7 and
filtered off product is removed from the lower end of
the processing chamber. The chamber 30 on top of the
spray drying apparatus 27 constitutes the upper outlet
side 8 of the filter unit and is with respect to the
groups of filter elements designed along the same lines
as described with reference to Fig. 2.

Fig. 7 shows an embodiment of a filter element
mounting according to the invention, which permits
drainage of cleaning liquid from the upper surface of
the plate 6 (or 32) in a filter unit to the lower side
of the plate by capillary effect of filter medium of
the filter elements 7. The tubular filter element 7
comprises a soft filter material 33 supported on its
inner surface by means of a basket 36 of threads 34
extending in the longitudinal direction of the filter
element 7 and being attached to rings 35 of thread. The
basket 36 is hanging in a hole in the plate 6 (or 32)
by means of an upper collar 37 formed by a ring 38 of
thread. The ring 38 has a larger diameter than the hole
and is fixed, e.g. by welding, to the upper side of
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outwards bent end portions 39 of the longitudinal
threads 34. Only the tips 43 of the folded end portions
39 are touching the plate 6 and liquid is thus free to
pass the collar 37 on the upper surface of the plate 6
and get into contact with the filter wall material.

Some of the longitudinal threads 34 extend
straight into the upper outlet side 8 of the filter
unit and are carrying the venturi tube 11. It is also
possible to position the venturi at a lower level, but
the indicated position above plate 6 is preferred in
order to obtain full effect of the pulses also in the
filter material positioned immediately below plate 6.
The filter material 33 is sealed to the edge 40 of the
hole in the plate 6 by means of rings 41, 42 of thread
enclosed by the material 33 (see Fig. 8). These rings
have a slightly smaller inner diameter than the hole
and are placed on either side of the plate 6.

The filter material 33 extends straight from
beneath the plate 6 through the lower ring 42, the hole
in the plate 6, and the upper ring 41, and is then
folded around the upper ring 41 to continue back
through the hole, and as a result the material 33 is in
close contact with the upper surface of plate 6. After
having passed through the hole the material 33 is
folded around the outer side of the lower ring 42 and
is then attached to the outer surface of the filter
element 7 as indicated by short lines. The filter
material 33 is only compressed between the rings 41, 42
and the plate 6, and a part of the material 33 which
extends through the hole is thus free to conduct liquid
by capillary effect from the upper surface of the plate
6 to the lower inlet side 9 of the filter unit 1. If it
is desired to obtain a larger capillary sucking capac-
ity, the edge 40 can be given a shape deviating from a

pure circular shape, it can e.g. be formed with several
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notches extending radially outwards. Although the above
figures and explanation relate to bag-filter elements,
the explanations and effects are equally relevant for
elements of e.g. metal filter material.

Fig. 9 illustrates results obtained by carrying
out tests of the method of cleaning-in-place according
to the invention. The tests were performed with a
filter unit comprising two metal filter elements, each
with a surface area of 1.58 m2 and the filter unit was
prepared with 180 g of a heavily colouring dyestuff.
The axis of abscisses indicates the duration of the
cleaning-in-place operation in minutes and each dot in
the diagram significates a common pulse of mixed
cleaning liquid and air injected into the interior of
the filter elements.

Curve A represents the percentage by weight of"

dyestuff in each dosis of cleaning liquid collected
from the individual pulse of cleaning mixture after it
has passed through the filter elements. Apparently the
curve has its maximum at the third pulse which con-
tained a concentration of as much as 10% by weight of
dyestuff. The curve then descends rapidly and the
seventh pulse is seen to contain only about 2% by
weight of dyestuff.

Curve B represents the current aggregate amount of
dyestuff removed from the filter elements indicated in
% of the total amount of dyestoff. The curve rises
surprisingly fast and after only seven pulses more than
90 % by weight of dyestuff were removed from the filter
unit.

Each dot of curve C represents a dosis of cleaning
liquid and the curve itself the aggegate amount of
cleaning 1liquid injected into the filter elements.
After 22 pulses with cleaning liquid about all of the
dyestuff had been removed from the filter elements and
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the amount of cleaning liquid stent is seen to be about
9.4 litres corresponding to about 3 litres per square
metre of filter wall material.

Curve D represents the current accumulated percen-
tage by weight of dyestuff in the total amount of
cleaning 1liquid having passed through the filter
elements.

The above described embodiments can be modified in
various manners within the scope of the following
claims, it is e.g. possible to perform the cleaning
method without use of the mixing chamber, if the gas
and the liguid are pulsed concurrently into the venturi
and the liquid is ejected via a nozzle ejecting a mist

of liquid.
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PATENT CLAIMS

1. A method of cleaning a filter unit (1) of the
type comprising a plurality of filter elements (7)
extending from a plate (6, 32) dividing the unit into
a lower inlet side (9) for gas carrying product and an
upper outlet side (8) for filtered gas, wherein during
cleaning-in-place of the filter elements in between
periods of operation of the filter unit (1) a cleaning
liquid and pulses of pressurized gas are mixed on the
outlet side of the filter element (7) and supplied to
the interior of the filter element, charac -
terized in that during the cleaning-in-place
operation the cleaning liquid is supplied in a sequence
of several separate liquid pulses which are mixed with
the pressurized gas pulses into common pulses of gas
and cleaning liquid by initiating the ejection of the
individual pulse of pressurized gas at the earliest
simultaneously with or after initiation of ejection of
the corresponding pulse of cleaning liquid.

2. A method according to claim 1, ¢ harac -
t er i2zed in that the amount of cleaning liquid
ejected during each separate liquid pulse is less that
1 litre, preferably less than 0.5 litre.

3. A method according to claim 1 or 2,
characterized in that the aggregate amount
of cleaning liquid pulsed into the filter elements (7)
during a complete cleaning-in-place operation is at the
most 10 litres, preferably less than 5 litres, per
square metre of cleaned filter wall surface.

4. A method according to any one of claims 1-3,
characterized in that the ejection dur-
ation of each pulse of cleaning liquid is at the most
5 seconds, suitably in the range of 0.05 to 1 second,
and preferably in the range of 0.1 to 0.5 second.
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5. A method according to any one of claims 1-4,
characterized in that the mass of cleaning
liguid in a single liquid pulse is within the interval
of 0.75 to 8 times the mass of gas in the corresponding
gas pulse.

6. A method according to any one of claims 1-5,
characterized in that after having passed
through the filter elements (7) the cleaning liquid is
collected and the product cleaned from the filter is
reclaimed or utilized.

7. A method according to claims 6, ¢ harac -
t erized in that the collected cleaning liquid
includes at 1least 2 per cent by weight of product
cleaned from the filter, preferably at 1least 4 per
cent.

8. A method according to any one of claims 1-7,
characterized in that only fresh cleaning
liguid is used as liguid pulsed into the filter on its
outlet side during the entire cleaning-in-place oper-
ation.

9. A method according to any one of claims 1-8,
characterized in that cleaning is per-
formed during operation of the filter unit (1) by
supplying first pulses of pressurized gas from the
outlet side of the filter to the interior thereof, and
by supplying, through nozzles (22) positioned in
between the filter elements (7) at the plate (6, 32)
dividing the unit, secondary pulses of pressurized gas
from the inlet side to the exterior of the upper ends
of the filter elements (7).

10. A method according to claim 9, ¢ har a c -
t er ized in that the secondary pulses are sup-
plied in a sequence controlled independently of the
sequence of first pulses.

11. A method according to claim 9 or 10,
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charactexrized in that during a cleaning-
in-place operation cleaning liquid is supplied from the
inlet side to the exterior of the upper ends of the
filter elements (7) through nozzles (22) positioned in
between the filter elements at the plate dividing the
unit, preferably through the same nozzles (22) as
supplies the secondary pulses of pressurized gas.

12. A method according to any one of claims 1-11,
characterized in that substantially all
cleaning liquid present on the upper surface of the
plate (6, 32) dividing the unit after performing a
cleaning-in-place operation is drained to the lower
side of the plate by capillary effect of filter medium
of the filter elements (7).

13. A method according to any one of the claims 1-
12, characterized in that automatic
controlling is used to perform selected pulse
sequences.

14. A filter unit (1) for filtering gas, compris-
ing a plurality of filter elements (7) extending from
a plate (6, 32) dividing the unit into a lower inlet
side (9) for gas carrying product and an upper outlet
side (8) for filtered gas, a plurality of nozzle
devices arranged at the outlet side of the filter
elements, a supply of cleaning liquid to the nozzle
devices, and a supply of pressurized gas to the nozzle
devices, the nozzle devices being positioned opposite
gas outlet openings of the filter elements,
characterized in that each nozzle device
comprises a mixing chamber (12) which has a gas inlet
opening (15) connected to the supply of pressurized gas
and a cleaning liquid inlet opening (17), and which at
the bottom end has an outlet opening (13) directed
towards the gas outlet opening of the associated filter

element (7), and that the internal volume of the mixing
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chamber (12) can accommodate at least half of the
aggregate amount of cleaning liquid ejected during a
liquid pulse.

15. A filter unit according to claim 14,
characterized in that a plurality of
mixing chambers (12) are connected to a main supply
line (19) for cleaning liquid and to a main supply line
(18) for pressurized gas, and that the cross-sectional
area of the main supply line for cleaning liquid is
larger than the total area of the cleaning liquid inlet
openings (15).

16. A filter unit according to claim 14 or 15,
characterized in that the filter unit (1)
includes several pairs of main supply lines (18, 19)
for cleaning liquid and pressurized gas, respectively,
and that at the most 20 mixing chambers (12) are
connected to a pair of main supply lines.

17. A filter unit according to any one of claims
14-16, c haracterized in that the gas inlet
and the liquid inlet openings (15, 17) of the mixing
chambers (12) are permanently open to influx from the
main supply lines (18, 19), and that each main supply
line includes a single control valve (44, 45) which
opens or closes for all of the mixing chambers con-
nected to that main supply line.

18. A filter unit according to any one of claims
14-17, charactexrized in that gas nozzles
(22) are mounted at the plate dividing the unit (1) at
positions in between the filter elements (7), and that
the gas nozzle openings in their open position eject
pressurized gas along the lower side of the plate (6,
32) towards the top portion of the filter elements on
the inlet side (9).

19. A filter unit according to claim 18,
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characterized in that several gas nozzles
(22) are connected to a common supply line (23) which
can alternatively be connected to either a source of
pressurized gas or to a source of pressurized cleaning
5 liquid.

20. A filter unit according to any one of claims
14-19, characterized in that the filter
elements (7) have capillary active filter wall material
that is in open and unshielded contact with an area of
10 the upper surface of the plate (6, 32) and is continu-
ing down into the filter wall extending into the lower
inlet side (9) of the unit, and by making the upper
surface of the plate free from barriers so that liquid
has free flow access to the unshielded filter wall

15 material.
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