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(57) Abstract

The process involves blowing in the drying air so as to make it flow only through perforations (10i) of brick blocks (10)
without substantially affecting the outer lateral surfaces of the blocks themselves. This process is carried out through drying
tunnel (1) divided into two sides (21, 31) by the blocks stacked on a row of consecutive mobile trolieys (8) and by vertical
diaphragms (9), sides (21, 31) between which the air is maintained in circulation by a series of fans (6), and of which one
side (31) receives from opposite perforations (2a) the heated air which comes from conduit (2) parallel and alongside the
tunnel.
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Process for the drying of perforated brick blocks and plants for

carrying out the process

The invention relates to the field of drying perforated brick blocks
inside drying tunnels into which air pre-heated to a pre-determined
temperature is blown.

The main drawbacks exhibited by drying plants that use processes already
known are twofold: the high energy consumption required by the process
and the risk of deformations or cracks present on the finished product.

Both these drawbacks are caused by the modalities of the process that is
carried out, as well as by the morphology of the plants itself.

Presently, in fact, the drying of perforated brick blocks takes place
through a process that involves the stacking of individual layers of
blocks on levels of special metal shelving inside a tunnel or, more
commonly, a room of significant size in which two heating and
ventilating units, either stationary or mobile, operate and direct
streams of air onto the blocks to obtain their drying.

No matter how accurate the study of the reciprocal arrangement of the
shelves and fans may be, still the drawback is observed that the brick
blocks that are located in different positions undergo drying processes
whose temperature and humidity parameters, 1in the course of the
operation, end up being significantly different from one another, with
the resulting differentiation in the quality of the blocks themselves.

In fact, since the drying essentially takes place through the dynamic
action of the airflows pushed by the fans onto the shelving and the
blocks, naturally phenomena of turbulence and choking of the stream on
areas "in shadow" are observed that can cause uneven contractions in
different blocks, or even of different faces of the same block, and very
often surface cracks and aberrations in the planarity of the outer
surfaces of the blocks.
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These phenomena are also due to the fact that in the course of the
process described, the drying essentially takes place starting from the
outer surfaces of the blocks and proceeding toward the inside; moreover,
as already explained, with uneven temperature and humidity gradients in
the various parts of the same block. Thus this effects the quality of
the final product; as to energy consumption, on the other hand,
supposing a yield coefficient is established to dndicate the
relationship with the quantity (mass) of product dried and the quantity
of thermal and electric energy employed in the process that have been
used up to now, very low values are obtained that are due to the
following concomitant factors:

- a high quantity of mechanical energy is required to move the huge
volume of air that has to pass through the shelving on which the blocks
are placed, with significant energy losses;

- the drying process has a relatively high duration, especially for
pieces with significant thickness; this duration must be extended until
the blocks in the least favored positions are completely dried;

- since it proceeds, as mentioned, from the outside of the block to the
inside, the duration of the process requires in itself long stretches of
time, with the resulting increase in energy losses per unit produced
caused by losses of air to the outside or by thermal exchanges with the
outside, etc.;

- an appreciable quantity of energy is used for the heating of the
shelves, and then it 1is lost in the act of removing the hot shelves
themselves from the drying chamber;

- for a medium value of productive capacity of the plant, a Targe-volume
drying chamber 1is required, resulting in increased surfaces for heat

exchanges with the outside and related losses.

The inventor of the invention according to the present patent
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application has sought to work out a solution that makes it possible to
eliminate all the drawbacks listed above. The solution consists in a
process that provides for carrying out the drying of the blocks from the
inside, corresponding to their perforations, and proceeding toward the
outside, without affecting their outer surfaces.

More precisely, the object of the invention is a process for the drying
of perforated brick blocks through the action of air pre-heated to a
pre-determined temperature that is blown into a drying tunnel in which
the blocks are placed, characterized in that the drying is obtained by
causing the above mentioned air to flow only through the perforations of
the blocks without substantially affecting the outside lateral surfaces
of the blocks themselves, which are stacked on one another and laid down
sideways beside one another.

The above process, as well as some preferred embodiments of plants for
its execution will be described here referring to the attached drawings

which represent:

- in figure 1, the view of the longitudinal section of a block while it
is being dried with the process according to the invention;

- in figure 2, the side view of a mobile trolley on which blocks to be
dried are stacked;

- in figure 3, an illustrative detailed view of how the perforations of
the blocks in figure 1 are aligned in the stacked blocks;

- in figure 4, the overhead view of the trolley in figure 1;
- in figure 5, the front view;

- in figure 6, the side view of a drying plant for carrying out the
process according to the invention;

- in figure 7, its middle longitudinal section;
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- in figure 8, the overhead view of the same plant sectioned with a
horizontal plane parallel to its floor;

- in figure 9, the transverse section of the plant done near the
entrance of the tunnel;

- in figure 10, its transverse section along A-A in one of its
intermediate points; '

- in figure 11, its transverse section corresponding to the main heating
units and the auxiliary cooling units, near the exit of the tunnel;

- in figure 12, the transverse section of an intermediate point of a
multiple plant consisting of two tunnels with a double line of trolley,
placed alongside one another without a dividing wall.

The concept which is at the basic of the invention is that of carrying
out the drying of each block not through a more or less turbulent
ventilation of its outer surfaces, but rather (see figure 1) by the
almost laminar _running of flows of heated air through lightening
perforations 10" of brick blocks 10; this flow is brought about by
causing and maintaining a pre-determined differepce in pressure between
the two ends 12a and 12b of said perforations 107, By operating suitably
on the means (usually fans) that generate this difference in pressure in
order to vary their value, it is possible to vary the velocity of the
flow so as to obtain, by a determined temperature of the drying air that
can also be adjusted, the desired movement of the drying curve referred
to time.

With the prevalent values found experimentally to be the most suitable
for the efficiency of the plant as a whole, and for percentage areas of
the perforations comprised between the mean values, it was observed how
it would be possible to proceed to dry a row of blocks laid Tengthwise
and arranged with the perforations of one over those of the other, with
the row being up to about 120 cm long.
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Blocks 10 themselves can be laid sideways and stacked directly on one
another (see figures 2 to 5) up to a height which, with the types of
blocks and materials used today, varies roughly between 95 and 110 cm.

It has also been found experimentally that the drying takes place
relatively more quickly near the end of the perforation that functions
as the entrance for the circulating air, but that this does not invoive
any drawback for the dimensional stability of the block during the
drying process as a whole.

With reference to figures 6 to 11, we now proceed to the description of
a preferred embodiment of a plant suitable for carrying out the process
described above, including a single drying tunnel 1.

Such a plant, as already mentioned, is composed essentially of drying
tunnel 1 with longitudinal development, on whose floor 1d is drawn and
embedded guide path 7 designed to hold and guide during their conveyance
mobile trolleys 8 that are used for the transport of blocks 10 during
drying.

It is evident that a rail track fixed onto the above path (not
represented), to better guide the wheels of trolleys 8.

These trolleys 8, connected to one another mechanically, are brought in
on guide path 7, and on them are stacked, in direct contact with one
another, several layers of blocks 10, with the blocks laid sideways and
lengthwise, as already mentioned, so that the perforations of each block
are aligned with the perforations matching those of the block that is
adjacent lengthwise, thus forming a conduit for the passage of the
drying air (see figure 5) from one side 21 of tunnel 1 to the other 31.

Indeed, tunnel 1 itself, thanks to vertical diaphragm 9 that is mounted
on the center line of ceiling lc, and that rests on brick blocks 10
below by means of suitable members 9a that exert a pre-determined seal
on blocks 10, is separated from diaphragm 9 and from the row of trolleys
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8 in two sides 21, 31 separated from stacked blocks 10, and
communicating with one another only through all the perforations 101 of
the blocks themselves, these blocks being arranged perpendicular to the
direction of the movement of trolieys 8, as marked by a larger arrow in
figures 6, 7 and 8.

The plant also includes conduit 2, parallel and adjacent over its entire
length to tunnel 1 itself, equipped with a number of perforations 2a and
of adjustable small openings placed at equal distances which put conduit
2 in communication with 31 of the two sides 21, 31 into which, as was
mentioned, the tunnel is subdivided.

Inside this conduit 2, the drying air that is heated to pre-determined
pressures and temperatures is delivered by main ventilation and heating
unit 3, generally consisting of a fan and a device for heating the area
(for example, a heat exchanger, a burner or similar means), placed near
the exit of the tunnel.

This air which, as mentioned, is introduced from small openings 2a into
side 31 of tunnel 1, enters into the field of action of a series of
circulation fans 6 that, like diaphragm 9, are also mounted on the
center line of ceiling 1c of tunnel 1, and that cause the air to
circulate by the effect of determined pressure difference, between the
two sides 21 and 31 of tunnel 1 (the direction of the various airflows
is indicated on the drawings by the smaller arrows).

A1l the air, circulating cyclically and propelled by fans 6, between the
two sides of the tunnel, 1is made to move with a pre-determined
conveyance velocity toward entrance 1b of the tunnel and is evacuated,
once it has yielded its heat and absorbed the humidity of the blocks, by
means of suction fan 4 which serves as an evacuation unit, placed
precisely at entrance 1b of tunnel 1.

Once they have reached the vicinity of exit 1a of tunnel 1, the blocks

are then subjected to a stream of cooling air generated by cooling unit
5, placed on the opposite side from main unit 3, and including a
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combressing fan, which is sized and aligned so that the stream of air,
after being heated by cooling the dried blocks to a large extent, 1is
conveyed into side 31 of the tunnel, mixing with the drying air
generated by the main ventilation and heating unit 3 itself. By
operating in this way a good part of the heat from the too]ing of blocks
10 is recovered, adding a further factor of energy saving. Of course,
both entrance 1b and exit la of the tunnel must be designed so as to
allow for the passage of mobile trolleys 8 without significant losses of
air to the outside.

In some cases, for bricks having tongues of Tlimited thickness and
perforations with ample cross-section, and consequently with a tunnel of
limited length, the vacuum created by the above mentioned evacuation
unit 4 may already by sufficient to cause the hot drying air with an
appropriate conveyance velocity, without its having to be propelled by
the compreséing fan of ventilation and cooling unit 3. In such cases,
this last fan can be eliminated. Any number of variations can be made to
the embodiment just described to the various requirements relative to
the drying of blocks with diverse morphological characteristics and made
with diverse materials.

This embodiment is therefore to be considered as purely exemplary and
not limiting or binding with respect to the inventive concepts expressed
in the attached claims.

In the case illustrated, for example, circulation fans 6 are of axial
type, but radial fans equipped with suitable conveyors can also be used
so'as to obtain the same process with higher prevalent values.

The above inventive concepts also allow for the realizations of plants
of greater complexity to increase the productive capacity by unit of
time.

For example, considering figure 12, which represents a type of plant in
which the tunnel is subdivided by two rows of trolleys 8 and diaphragms
9 into three parts.
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Conduit 2 for the drying air, with respective perforations 2a, is
embedded in floor 1d of the tunnel, and the circulation between the two
sides 21, 31 of the tunnel that are separated by a row of trolleys 8 is
obtained through a series of axial fans 11 with vertical axes equipped
with conveyor ducts 11a.

(In this drawing, as also in the remaining drawings, areas with higher
pressures are marked with + signs, while those with Tower pressures are
marked with - signs).

Of extreme interest, for the purpose of increased productivity of the
plant but with significant dimensional compactness and a limited cost
for amortizing it and the possibility of placing two tunnels 1, 1'
parallel to one another over their entire length that are subdivided as
described above, without any dividing wall to separate them, thus
forming a multiple tunnel 101. As can be seen (figure 12) from the
movement of the pressures and from the directions of circulation, the
process is identical, but allows for even greater advantages.

From the description that has been given to this point, it can also be
appreciated how the drying of the brick takes place under optimal
physical conditions for the necessary heat exchange. Indeed the heated
drying air, introduced in essentially uniform quantity by all the small
distribution openings 2a, ends up mixing with the circulation air moved
by fans 6 and passes through the blocks and, in moving from exit la
toward entrance 1b of the tunnel by the effect of the conveyance imposed
by evacuation unit 4, such a mixture exhibits a gradually decreasing
temperature and a rising degree of relative humidity. This means that,
on its first impact with blocks 10 as they come into the tunnel through
entrance 1b, the air that effects the drying has the lowest temperature
and the greatest relative humidity, and this eliminates the initial
"shock" of dehydration with its risk of deforming the blocks which is
observed in traditional plants.

Thus the difference between the temperature of the air and that of the
blocks, in the course of the process according to the invention, tends
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to remain closer to a medium value, with good results for the purposes
of the overall yield of the heat exchange.

The upper lateral surfaces of the blocks that make up the highest layer
of the load, as well as the lateral surfaces of the blocks, which can be
separated by gaps a few millimeters thick, are only affected marginally
by the air in circulation, and this does not compromise the final result
in any significant manner. Through the further use of light diaphragms
or screens made with a material that tolerates a temperature of
approximately 100°C it is still possible to further reduce or even to
practically eliminate the heat exchange relative to these surfaces in
cases where an unusually high quality of the product is required.

It is added that both the differing temperature and pressure values of
the air and the direction of circulation of the air itself, as well as
the conveyance velocity (continuous or in successive steps) of the
mobile trolleys can be selected, regulated and/or programmed from time
to time to obtain the type of process most suited to the different type
of product sought.
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Claims

1. Process for the drying of perforated brick blocks (10) through the
action of air at pre-determined temperature that is blown into drying
tunnel (1) in which the blocks are placed, characterized in that the
drying is obtaining by causing the air to flow only through perforations
(101) of blocks (10), without substantially affecting the outer lateral
surfaces of the blocks themselves that are stacked on one another and
laid sideways to one another.

2. Process according to claim 1, wherein the following phases are
included:

a) stacking on mobile trucks (8) of number of perforated blocks (10)
placed on top of one another, laid sideways and lengthwise gnd aligned,
with the Tongitudinal axes of the perforations (10') arranged
horizontally, with said axes of two perforations corresponding to two
adjacent blocks laid next to one another arranged so that each is the
extension of the other;

b) introduction of trucks (8) into drying tunnel (1);

c) conveyance of said mobile trucks (8)'perpendicu1ar to the direction
of the above mentioned perforations (10'), along an essentially median
axis of drying tunnel (1) equipped with diaphragm (9), so as to divide
with the trucks and the diaphragm tunnel (1) into two opposite sides
(21, 31) separated by the stacked blocks and communicating with one
another essentially only through all the perforations (]Oi) of the
blocks themselves;

d) introduction of the heated drying air into one (21) of the two
opposite sides of tunnel (1) and a resulting pressure that differs to a
pre-determined extent from the temperature prevailing in the other side
(31), so that the entire fiow of'the above mentioned drying air passes
through all the perforations (10') of the blocks to circulate through
both of the above mentioned sides (21, 31) of tunnel (1);

- 10 -
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e) cooling of blocks (10) once drying has taken place, with recovery of
the relative heat from cooling;

f) extraction of mobile trucks (8) from tunnel (1).

3. Drying plant suitable for realizing the process according to the
invention according to any one of the previous claims, wherein it
includes: '

a) drying tunnel (1) equipped at its ends (la, 1b) with an entrance
opening and an exit opening that are sized so as to allow for the
passage of mobile trolleys (8) carrying stacked blocks (10) without
substantial leaks of pressured air;

b) conduit (2) parallel to tunnel (1), adjacent to it over its entire
length and equipped with a number of perforations (2a) placed at equal
distances which make it communicate with one (21) of the two sides (21,
31) of tunnel (1) itself;

c) main ventilation and heating unit (3) located near exit (la) of
tunnel (1), which delivers the drying air, at pre-determined pressures
and temperatures, in said conduit (2);

d) cooling unit (5) located near exit (la) of tunnel (1), on the
opposite side from the so-called main unit (3), comprising a compressing
fan that delivers a stream of air on stacked blocks (10) that have been
dried, cooling them, then directing it toward the inside of tunnel (1)
so as to recover the heat from cooling;

e) evacuation unit (4), comprised of a suction fan located near entrance
(1b) of tunnel (1);

f) a number of circulating fans (6) placed at equa]‘ distances and

mounted roughly on the center line of ceiling (1c) of tunnel (1) over
the entire length of the tunnel itself that maintain a pre-determined

- 11 -
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difference in pressure between its two sides (21, 31);

g) guide path (7) that can be embedded in floor (1d) of tunnel (1),
arranged essentially along its middle line, having a shape suitable for
holding and guiding during their conveyance mobile trolleys (8) that
transport blocks (10) to be dried;

h) a number of consecutive mobile trolleys (8) mounted on wheels,
connected to one another, on which brick blocks (10) to be dried are
stacked;

i) vertical diaphragm (9), essentially mounted in correspondence to the
center line of ceiling (1c) of tunnel (1) and equipped with members (9a)
suitable for creating sufficient pressure on the bricks stacked below
(10) to create a seal that substantially prevents the passage of air
from one side (21) of the tunnel to the other (31) through diaphragm (9)
itself.

4. Plant according to claim 3 wherein said mobile trolleys (8), as well
as the respective diaphragms (9), are aligned to form two parallel rows,
subdividing tunnel (1) dinto three parts, with circulating fans (11)
mounted on the center line of ceiling (1c) and equipped with conveyors
(11a, 11b) suitable for putting in communication two sides (21, 31) of
tunnel (1) that are separated by a row of trolleys, and said conduit (2)
for the drying air, with the respective outflow perforations (2a), made
below floor (la) of tunnel (1) in a position essentially facing the Tine
formed by the above mentioned circulating fans (11).

5. Plant according to claim 4, wherein several tunnels (1) are placed
paralliel to one another, without any dividing wall to separate them from
one another, thus forming a multiple tunnel (101) suitable for higher
production speeds.

- 12 -
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