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(54) IMPROVED DEVICE FOR DRYING A WATER-CONTAINING MIXTURE

(57) The present invention relates to device (1) for
drying a water-containing mixture, comprising a storage
vessel (2) for the mixture, a rotor (6) provided with a
number of entraining structures (3) suitable for entraining
a portion of the mixture and a drive device for rotatably

driving the rotor (6), wherein said entraining structures
(3) are formed from at least one panel of metal gauze of
the expanded metal type or at least two panels (5a;5b)
of metal gauze of the expanded metal type, positioned
one above the other.
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Description

[0001] The present invention relates on the one hand
to a device for drying a water-containing mixture, com-
prising a storage vessel for the mixture, a rotor rotatable
via a rotating shaft, provided with a number of entraining
structures suitable for entraining a portion of the mixture
and a drive device for rotatably driving the rotating shaft.
On the other hand, the present invention relates to an
entraining structure suitable for fitting in the device ac-
cording to the invention.
[0002] In a number of industrial processes and agricul-
tural activities there is formation of sludge - or manure
effluent (slurry), which must be removed and processed.
However, the mixture that is to be removed contains a
lot of water, and for a considerable reduction in transport
and processing costs it will be necessary to lower the
water content of the mixture, by thickening said mixture.
[0003] During thickening, a high proportion (6 50%) of
the water present in water-containing mixtures, for ex-
ample such as manure, slurry, sludge, industrial efflu-
ents, etc., is separated. There is then an increase in the
dry matter content, and the volume of the mixture is re-
duced considerably.
[0004] A number of techniques for thickening water-
containing mixtures are already known. Thus, gravity
thickening techniques are known, wherein water sepa-
ration occurs under the effect of gravity. Another known
technique is flotation thickening. The flotation thickener
consists of a tank into which tiny air bubbles are blown,
in order to obtain separation between the dry material
and the water that is present.
[0005] A third technique is mechanical thickening,
wherein water separation takes place by means of me-
chanical forces, so that in comparison with the aforemen-
tioned techniques, higher dry matter contents are attain-
able. The present invention relates in particular to a me-
chanical thickener of this kind.
[0006] A number of (drying) devices are known for
thickening water-containing mixtures mechanically.
Thus, a sieve belt or thickening table is known, wherein
the mixture to be thickened is poured onto a movable
endless belt. Owing to the sieving action of the belt, the
mixture can as it were leak out.
[0007] In another type of mechanical thickening, the
mixture to be thickened is poured into a container. This
container is provided with a number of successive per-
forated conveyor belts, which extend partially into the
mixture. Thickening is achieved by conveying the mixture
via the conveyor belts outside the mixture and then drying
the mixture by passing an air stream through the perfo-
rations. However, this type of thickening has the disad-
vantage that the conveyor belts are highly susceptible to
wear. In addition, the various components (e.g. shafts,
ball bearings) of the device may be affected or contam-
inated by the mixture to be thickened, so that these com-
ponents jam and have to be replaced regularly.
[0008] EP 3 163 239 describes a drying device for a

mixture of a liquid and one or more solid substances,
comprising a receiving bin for the mixture, a rotor mount-
ed with a part of its perimeter in the container and a drive
device for rotatably driving the rotor, wherein the rotor is
provided with a plurality of grid-shaped entraining ele-
ments, wherein at least some of the entraining elements
have a configuration in which relatively narrow entraining
elements alternate with relatively wide entraining ele-
ments in the peripheral direction of the rotor and/or
wherein at least some of the entraining elements are pro-
vided with several through holes, the opening region of
which is at least 800 mm2. However, this device has the
disadvantage that owing to the presence of the relatively
narrow entraining elements, the drying capacity decreas-
es whenever the receiving bin is not completely filled with
the mixture. Furthermore, less mixture is entrained by
the entraining elements as a result of the relatively large
through holes, which has a negative effect on drying.
[0009] The patent holder has already developed a de-
vice for drying a water-containing mixture in the past, as
defined at the beginning of the first claim. This device is
described in European patent EP 2 096 394. From EP 2
096 394 it is known to pass a warm air stream over the
surface of the entraining elements in order to create a
greater drying effect. When the air in the device is heated,
the relative humidity (RH) thereof will decrease appreci-
ably, for example when the incoming outside air has an
RH of 70% this will decrease to 10% when it is heated
to about 70 to 80°C. Hot air can take up more moisture.
Take-up of moisture (water) occurs during thickening. It
was established experimentally that with the device de-
scribed in EP 2 096 394 the air leaving the device (out-
going air stream) was saturated to about 60% RH as a
result of thickening (rotation of the entraining elements).
The outgoing air stream is then passed through an air
scrubber where the air is washed to remove ammonia,
among other things. In the air scrubber the air is saturated
to a relative humidity of 100%. This process requires a
large quantity of water and/or acid (sulphuric acid). Thus,
the more moisture the outgoing air stream contains, the
less acid or water is required in subsequent washing.
[0010] The aim of the present invention is to provide a
device in which evaporation of the mixture on the entrain-
ing elements is optimized so that the outgoing air stream
is almost completely saturated with water vapour, pref-
erably has an RH of 90%, more particularly an RH of
95%, and most particularly is completely saturated (RH
100%).
[0011] The aim of the invention is achieved by provid-
ing a device for drying a water-containing mixture, com-
prising a storage vessel for the mixture, a rotor, rotatable
via a rotating shaft, provided with a number of entraining
structures suitable for entraining a portion of the mixture
and a drive device for rotatably driving the rotating shaft,
wherein at least a number of said entraining structures
are formed from at least one panel of metal gauze of the
expanded metal type. The aforementioned water-con-
taining mixture is preferably a mixture of a liquid and one
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or more solid constituents (substances).
[0012] A panel of expanded metal is formed by making
slits (cuts, slots) in a metal plate and then stretching ("ex-
panding") the cold metal plate until diamond-shaped
meshes are formed. The mesh-plate gauze forms a con-
tinuous whole without interweaving (woven or welded
wires). The structure formed (mesh-plate gauze) is diffi-
cult to deform, very sturdy and rigid. The entraining struc-
ture may comprise one, two, three or more such panels.
An entraining structure with two panels of metal gauze
of the expanded metal type is preferred.
[0013] Now, by forming a number of the entraining
structures from panels of expanded metal, a structured
drying surface is obtained, in which, owing to the meshes,
passage openings are present. Owing to this specific de-
sign, the liquid that is located on the entraining structures
will be transformed into small liquid droplets, allowing
better uptake thereof in the air that is present inter alia
above the storage vessel. Therefore optimum evapora-
tion may be achieved, so that the outgoing air stream will
become more saturated with water vapour than in the
known devices. This has the advantage that less water
is required for the outgoing air stream, which is almost
completely saturated, to be washed in an air scrubber.
[0014] In a preferred embodiment of the device accord-
ing to the invention, the entraining structures comprise a
first long side and, located opposite the first long side, a
second long side, said long sides extending in a direction
coinciding with the direction of the rotating shaft, wherein
the entraining structures are positioned in such a way
that the first long side is located closer to the rotating
shaft than the second long side. More particularly, said
entraining structures have a radial orientation with re-
spect to the rotating shaft of the rotor.
[0015] According to a more preferred embodiment of
the device according to the invention, at least a number
of said entraining structures are formed from at least two
panels of metal gauze of the expanded metal type, po-
sitioned one above the other. Preferably the device com-
prises a portion of entraining structures formed from sin-
gle panels of metal gauze of the expanded metal type
and a portion of entraining structures formed from at least
two panels of metal gauze of the expanded metal type,
positioned one above the other. More particularly, all en-
training structures are formed from at least two panels
of metal gauze of the expanded metal type, positioned
one above the other.
[0016] In a preferred embodiment of the device accord-
ing to the invention, the aforementioned panels of one
and the same entraining structure are displaced with re-
spect to each other. Because the panels are displaced
with respect to each other, the mesh opening of the one
panel will be partly overlapped by the mesh opening of
the panel placed above it. As a result, in operation, a
turbulent flow will be generated when the surrounding air
comes into contact with the entraining structure. This also
results in increased contact time of the air with the en-
training elements, which also has a positive effect on

evaporation, so that the relative humidity of the air in the
device will also increase.
[0017] According to a particular embodiment of the de-
vice according to the invention, the panels of one and
the same entraining structure on the second long side
are placed at a greater distance from each other than on
the first long side, so that the entraining structure is of
wing-shaped configuration. Preferably the entraining
structures are positioned in such a way that the first long
side is located closer to the rotating shaft than the second
long side. Owing to the design (wing shape) of the en-
training structure, the liquid molecules on the upper side
of the entraining structures will move more quickly than
those on the underside (Venturi effect) so that above the
entraining structure there is a lower pressure, which as
it were give the entraining structures a lift effect so that
they move more easily out of the mixture.
[0018] In a more particular embodiment of the device
according to the invention, the panels of an entraining
structure are joined together at the level of the first long
side by a fastening profile.
[0019] In order to form the panels into a whole (entrain-
ing structure), the entraining structure comprises a holder
or frame, which is formed by inter alia the fastening profile
and two transverse profiles, provided for resting against
the transverse sides (short sides) of the panels. The fas-
tening profile extends between the two transverse pro-
files. The fastening profile is located on the first long side
of the entraining structure. The corresponding ends of
the two panels are secured to this fastening profile, pref-
erably by a welded joint. Because both panels are fas-
tened to the same profile, the two panels are close to-
gether at the level of the first long side. On the opposite
(second) long side the panels are mounted at a distance
from each other. For this purpose the transverse profiles
are preferably provided with two supporting blocks
placed at a distance from each other, on which or against
which the corresponding panel is fastened. In order to
keep the panels at a distance from each other over their
entire length, one or more distance pieces (spacers) are
provided at the level of the second long side, to join the
two panels together with a clearance.
[0020] In an advantageous embodiment of the device
according to the invention, the entraining structures are
movable in a closed revolution, and during a first portion
of the revolution they are located in the mixture and during
a second portion of the revolution they are located outside
the mixture. More preferably the device comprises ven-
tilating means for generating an air stream directed to-
wards the device in order to dry the entrained mixture
during the second portion of its revolution. The air stream
directed towards the device preferably has a temperature
of 80-90°C, preferably 85°C. This has the advantage that
warmer air can take up more moisture.
[0021] In a more advantageous embodiment of the de-
vice according to the invention, the rotor is provided with
a housing, wherein said housing comprises an inlet and
an outlet for the air stream generated by the ventilating
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means.
[0022] In a most preferred embodiment of the device
according to the invention, the entraining structures are
formed from aluminium, steel or stainless steel.
[0023] The present invention further relates to an en-
training structure suitable for entraining a water-contain-
ing mixture, wherein said entraining structure comprises
at least one panel of metal gauze of the expanded metal
type.
[0024] The present invention further relates to an en-
training structure suitable for entraining a water-contain-
ing mixture, wherein said entraining structure comprises
at least two panels of metal gauze of the expanded metal
type, positioned one above the other.
[0025] The entraining structures in question are pref-
erably suitable for being fitted in a device according to
the invention as described above.
[0026] For further explanation of the properties of the
present invention, and to indicate additional advantages
and features thereof, a more detailed description of the
device according to the invention is given hereunder. It
should be made clear that nothing in the following de-
scription is to be interpreted as a limitation of the protec-
tion for the device according to the invention as claimed
in the claims.
[0027] In this description, reference is made by means
of reference numbers to the appended drawings, where-
in:

- Fig. 1: is a perspective view of a device according
to the invention;

- Fig. 2: is a perspective view of a rotor provided with
a number of entraining structures according to the
invention;

- Fig. 3: is a perspective view of an entraining structure
according to the invention;

- Fig. 4: is a representation of a part of a possible
entraining structure according to the invention, in
which a part of the second long side is shown;

- Fig. 5: is a cross-section of a possible entraining
structure according to the invention;

- Fig. 6: is a detail of a part of a panel of expanded
metal.

[0028] The device (1) according to the present inven-
tion and as shown in Fig. 1, relates to a drying device for
water-containing mixtures. This device (1) may in partic-
ular be used for drying (thickening) a mixture of a liquid,
preferably water, and one or more solid constituents
(substances), such as manure, slurry, sludge, industrial
effluents, etc.
[0029] The mixture to be dried is poured into a storage
vessel (2), either continuously or discontinuously. Now,
in order to dry the mixture, the device (1) comprises a
rotor (6) (see Fig. 2), which rotates via a rotating shaft
(4) driven by driving means. The rotor (6) is provided with
a number of entraining structures (3) suitable for entrain-
ing a portion of the mixture. Said entraining structures

(3) are mounted fixed. The entraining structures (3) are
movable in a closed revolution and during a first portion
of the revolution will be located in the mixture and during
a second portion of the revolution will be located outside
the mixture. The entraining structures (3) are provided in
order to entrain the mixture to be dried from the first por-
tion to the second portion. In the second portion there is
contact between the air and the mixture present on the
entraining structure.
[0030] Fig. 3 is an illustration of an entraining structure
(3) according to the invention. The entraining structures
(3) have a first long side (7) and a second long side (8)
located opposite the first long side. The long sides extend
in a direction coinciding with the direction of the rotating
shaft (4) of the rotor (6). The entraining structures (3) are
positioned in such a way that the first long side (7) is
closer to the rotating shaft (4) than the second long side
(8). In a preferred embodiment the entraining structures
have a radial orientation with respect to the rotating shaft
(4) of the rotor (6).
[0031] The entraining structure (3) is preferably formed
from one or more, in particular from a number of, prefer-
ably two or three, panels (5a;5b) of metal gauze of the
expanded metal type, which are placed on one another.
Preferably the one panel is positioned relative to the other
panel in such a way that a wing shape is created. In the
figures shown, each entraining structure comprises two
such panels (5a;5b). Obviously the number of panels
may be extended. The expanded metal is preferably
made from mild steel, aluminium or stainless steel.
[0032] In practice, use is made of panels (mesh-plate
gauze) with the following characteristics of the mesh (in
mm): 62x20x6x1 (LDxSDxLxD). Wherein the abbrevia-
tions stand for: LD (long diagonal) / SD (short diagonal)
/ L (strip width or width of wall) / D (strip or material thick-
ness). Such a panel has a free passage of 40.0%. Obvi-
ously these characteristics may vary depending on the
panels used. Panels are preferred whose characteristics
(in mm) are in the range between: 56x15x4x0.5 and
62x25x8x1.5, preferably between 60x15x5x0.5 and
64x20x8x1. For even better performance, panels may
optionally be used made of metal gauze of the expanded
metal type with a higher strip thickness, panels being
preferred having a strip thickness between 0.5 mm and
10 mm, more particularly between 1 mm and 7 mm, pref-
erably between 1.5 mm and 7 mm or between 1.5 mm
and 6 mm or between 2 mm and 5 mm.
[0033] In practice, the entraining structure (3) has a
length between 2500 and 3500 mm, preferably 2835 mm
and a width between 500 mm and 900 mm, preferably
700 mm.
[0034] As can be seen from Fig. 5, at the level of the
second long side (8) the panels are placed at a greater
distance from each other than at the level of the first long
side (7). As a result, the entraining structure (3) assumes
the shape of a wing. The entraining structures (3) are
positioned in the device in such a way that the first long
side (7) is located closer to the rotating shaft than the
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second long side (8). Owing to the design (wing shape)
of the entraining structure, the liquid molecules on the
upper side of the entraining structures will move more
quickly than those on the underside, so that there is a
lower pressure above the entraining structure, which as
it were gives the entraining structures a lift effect so that
they move more easily out of the mixture.
[0035] To form the panels (5a;5b) into a whole, the
entraining structure (3) comprises a holder that is formed
by a fastening profile (10) and two transverse profiles
(11), configured to lie against the transverse sides (short
sides) of the panels. The fastening profile (10) extends
between the two transverse profiles (11). The fastening
profile (10) is located at the level of the first long side (7)
of the entraining structure (3). The corresponding ends
of the two panels are secured to this fastening profile
(10), preferably by a welded joint. Because both panels
(5a;5b) are fastened to the same profile (10), the two
panels are close together at the level of the first long side.
On the opposite (second) long side, the panels are farther
apart. For this purpose the panels are mounted at a dis-
tance from each other. For this, the transverse profiles
(11) are provided with two supporting blocks placed at a
distance from each other (12, 13), on which or against
which the corresponding panel is fastened. To keep the
panels at a distance from each other over the full length,
one or more distance pieces (spacers) are provided at
the level of the second long side, in order to join the two
panels together with a clearance. These distance pieces
are preferably made of stainless steel.
[0036] Now, by forming a number of the entraining
structures (3) from panels of expanded metal, a struc-
tured drying surface is obtained, in which passage open-
ings are present, on account of the meshes. Owing to
this specific design, the liquid that is on the entraining
structures will be transformed into small liquid droplets,
which can be taken up better in the air that is located
inter alia above the storage vessel. Therefore the outgo-
ing air stream may become much more saturated than
in the known devices.
[0037] On rotation of the rotor (6), the entraining struc-
tures (3) will be submerged one by one and at least par-
tially (first portion) in the mixture provided in the storage
vessel (2). Preferably the entraining elements (3) are
submerged completely in the mixture provided in the stor-
age vessel (2). As a result of submersion, some of the
mixture will remain on the panel structure and will be
carried away to the second portion, where the entrained
mixture can dry out.
[0038] The device (1) is further provided with ventilat-
ing means (not shown) for generating an air stream di-
rected towards the device (1) in order to dry the mixture
entrained by the entraining structures during the second
portion of its revolution. This air stream is preferably a
warm air stream and may for example be derived from
an electrical installation, chimney flue gases, animal
house air, etc. In order to direct the air stream over the
surface of the entraining elements (3), the rotor is pro-

vided with a housing (2) (see Fig. 1), wherein said hous-
ing (2) comprises an inlet and an outlet for the air stream
generated by the ventilating means.
[0039] The rotor (6) is installed in such a way that only
the panel-shaped entraining structures (3) come into con-
tact with the mixture. Therefore stoppages on account of
affected or contaminated components are kept to a min-
imum.
[0040] In the device (1) according to the invention, a
large number of these entraining structures may be pro-
vided, preferably 80 to 90, more particularly 86 entraining
structures (86 entraining structures will mean that 172
panels of expanded metal are present), so that on the
one hand a large amount of mixture to be dried can be
entrained, and on the other hand, compared to the known
thickeners, a much larger contact surface is created be-
tween the air (preferably heated) and the liquid (mixture)
on the entraining structures in the second portion of the
revolution.
[0041] The form and structure will ensure that much
more liquid (molecules) can be emitted, so that the air
present in the housing becomes saturated, preferably to
an RH of 100%. This is a considerable improvement rel-
ative to the known mechanical thickeners, where in prac-
tice a saturation percentage of the outgoing air stream
of about 60% was achieved.

Claims

1. Device (1) for drying a water-containing mixture,
comprising a storage vessel (2) for the mixture, a
rotor (6), rotatable via a rotating shaft (4), provided
with a number of entraining structures (3) suitable
for entraining a portion of the mixture and a drive
device for rotatable driving of the rotating shaft (4),
characterized in that at least a number of said en-
training structures (3) are formed from at least one
panel (5a;5b) of metal gauze of the expanded metal
type.

2. Device (1) according to Claim 1, characterized in
that the entraining structures (3) comprise a first long
side (7) and a second long side (8) located opposite
the first long side (7), said long sides (7, 8) extending
in a direction coinciding with the direction of the ro-
tating shaft (4), wherein the entraining structures (3)
are positioned in such a way that the first long side
(7) is closer to the rotating shaft (4) than the second
long side (8).

3. Device (1) according to Claim 1 or 2, characterized
in that at least a number of said entraining structures
(3) are formed from at least two panels (5a;5b) of
metal gauze of the expanded metal type, positioned
one above the other.

4. Device (1) according to Claim 3, characterized in
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that said panels (5a;5b) of one and the same en-
training structure (3) are displaced relative to one
another.

5. Device (1) according to Claim 3 or 4, characterized
in that the panels (5a;5b) of one and the same en-
training structure (3) on the second long side (8) are
placed at a greater distance from each other than on
the first long side (7) so that the entraining structure
(3) is of wing-shaped configuration.

6. Device (1) according to one of Claims 3 to 5, char-
acterized in that the panels (5a; 5b) of an entraining
structure are joined together at the level of the first
long side by a fastening profile (10).

7. Device (1) according to one of the preceding claims,
characterized in that the entraining structures (3)
are movable in a closed revolution and during a first
portion of the revolution are located in the mixture
and during a second portion of the revolution are
located outside the mixture.

8. Device (1) according to Claim 7, characterized in
that the device (1) comprises ventilating means for
generating an air stream directed towards the device
in order to dry the entrained mixture during the sec-
ond portion of its revolution.

9. Device (1) according to Claim 7 or 8, characterized
in that the rotor (6) is provided with a housing (9),
wherein said housing (9) comprises an inlet and an
outlet for the air stream generated by the ventilating
means.

10. Device (1) according to one of the preceding claims,
characterized in that the entraining structures (3)
are formed from aluminium, steel or stainless steel.

11. Entraining structure (3) suitable for entraining a wa-
ter-containing mixture, characterized in that said
entraining structure (3) comprises at least one panel
of metal gauze of the expanded metal type.

12. Entraining structure (3) suitable for entraining a wa-
ter-containing mixture, characterized in that said
entraining structure (3) comprises at least two panels
(5a; 5b) of metal gauze of the expanded metal type,
positioned one above the other.

13. Entraining structure according to Claim 11 or 12,
characterized in that said structure is provided in
order to be placed in a device (1) according to Claims
1 to 10.
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