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Apparatus for processing a gas

DESCRIPTION

The present invention relates to an apparatus for processing a gas, in
particular intended to reduce the content of moisture in a humid compressed
air flow, of the type including the features set out in the preamble of the main
claim.

In the context of technical plants for processing gases, there is known the use
of dryers for reducing the content of moisture from a humid compressed air
flow, separating it via condensation into drier air and condensed aqueous
vapour.

Typically, those plants comprise a first heat exchanger and a second heat
exchanger, the second being arranged downstream of the first.

In the first heat exchanger, the compressed air introduced exchanges heat
with the dried air in the dryer itself before being discharged therefrom. In the
second exchanger, the air is cooled by exchanging heat with a refrigerating
fluid in order to reduce the temperature and to cool the air as far as a
condensation point or dew point.

At the outlet of the second exchanger, the air cooled in that manner is
conveyed to a condensate separator which separates and removes the water
from the air.

Finally, as referred to above, the cooled and dried air is conveyed towards the
first exchanger, where the heat exchange is carried out with the humid air
being introduced in order then to be discharged from the plant.

Those components are normally contained inside a box-like body and

therefore make the dryer an autonomous unit which may be used within more
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complex systems.

In accordance with the structural requirements but also on the basis of
principles of optimizing the dryer, there are used various configurations for
positioning and sizing the exchangers and the box-like body which contains
them.

An example of that type of plant is described in European Patent
EP1464887B1, in which there is set out a dryer in which the box-like body
defines a substantially U-like course of the air, with the exchangers arranged
one aligned with the other and positioned in the region of a member of the U.
Another example of a dryer is described in European Patent Application
EP1081445A2, in which the exchangers are again arranged in alignment in a
lower portion of the box-like body.

Although those examples of dryers constitute valid constructions from the
functional point of view, they may be adapted only with difficulty to the
various design requirements because those constructions, in accordance with
variations in the design data, require complete redesigning and consequent
sizing.

Consequently, the design and production step of the dryers known is often
excessively complex and is therefore generally not very efficient both from the
point of view of costs and in terms of construction times.

Furthermore, the need for constructing specific components in accordance with
the design requirements prevents the manufacturers of dryers from complying
with the various requirements in good time unless a complete range of
components is held in store with consequent logistical difficulties.

Therefore, the technical problem addressed by the present invention is to
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provide an apparatus for drying gas which allows the disadvantages
mentioned above with reference to the prior art to be overcome.

That problem is solved by the apparatus for drying a gas according to claim 1
and by the construction method thereof according to claim 9.

The present invention has some relevant advantages. The main advantage
involves the fact that the apparatus according to the present invention can be
adapted to the different design requirements in an economic and simple
manner.

In addition, the apparatus according to the present invention may be
constructed by a series of components which are basically common, therefore
requiring fewer components in store and it may consequently be produced
with greater efficiency from the logistical point of view as well as in terms of
production times and costs.

Other advantages, features and the methods of use of the present invention
will become clear from the following detailed description of some embodiments,
given by way of non-limiting example. Reference will be made to the Figures
of the appended drawings, in which:

- Figure 1 is a schematic illustration, in accordance with a lateral section,
which illustrates an apparatus for drying a gas according to the present
invention;

- Figure 2 is a perspective view of the apparatus of Figure 1;

- Figure 3 is a functional diagram which illustrates the function of the
apparatus of Figure 1;

- Figure 4 is a perspective view which illustrates two heat exchangers,

details of the apparatus according to the present invention;
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- Figures 5 and 6 are a perspective broken-away view and an exploded
view of basic elements which form the exchangers of Figure 4,
respectively; and

- the Figures from 7A to 7D are side views of heat exchangers which have
the same spatial requirement and different levels of effectiveness of
heat exchange.

With reference first to Figure 1, an apparatus for drying a gas to be processed,
in particular humid compressed air, is generally designated 100.

The apparatus 100 is constructed by means of a box-like body, inside which
the gas to be processed travels along a course which is generally designated P
and which will be described in greater detail below.

The apparatus comprises an inlet 101 for the gas to be processed, which is
positioned in the region of an upper arm of the box-like body and which
defines a first horizontal portion 10 of the operating course P of the gas.

It must be understood that the orientation of the apparatus 100 may be
unambiguously identified with reference to a vertical discharge direction of the
condensate D, naturally defined by the direction of falling of the condensate
drops from an outlet 301 owing to gravitational force.

Therefore, the horizontal direction will be the direction perpendicular relative
to the vertical discharge direction D and the upper side of the apparatus will
be the side vertically opposite the position of the condensate outlet 301.

With reference also to Figure 3, therefore, the first horizontal portion 10 is
defined by a first exchanger 1, in which the gas to be processed is introduced
from the inlet 101 in such a manner as to be subjected to a first heat

exchange in accordance with methods which will be better described below.
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At the outlet of the first exchanger 1, the gas to be processed is directed
through a connection element 50 which redirects the course of the gas
downwards substantially through 909 in the direction of a second exchanger 2
which defines a first vertical portion 20 in the box-like body of the apparatus
101.

Consequently, the first exchanger 1 and the second exchanger 2 are arranged
in such a manner that the flow of gas to be processed in the first exchanger 1
is substantially perpendicular to the flow of gas to be processed in the second
exchanger 2, in other words forming a complete course for the gas to be
processed in an L-like manner. More specifically, the cross-section of the
apparent flow which is available to the gas to be processed is substantially the
same for the two exchangers 1 and 2, being established by the box-like body
which contains them.

As may be appreciated from the Figures and as will be set out in greater detail
below, the portions over which the exchangers extend, that is to say, the first
horizontal portion 10 and the first vertical portion 20, have a substantially
equal longitudinal extent | and, therefore, the course of the gas to be
processed in the first exchanger 1 has the same length of course as the gas to
be processed in the second exchanger 2.

The second exchanger 2 brings about heat exchange with a refrigerating fluid
which is introduced into the portion 20 by means of an inlet 201 and outlet
202, respectively, and which travels through the second exchanger 2 in
accordance with a course R preferably in counter-current with respect to the
course P of the gas to be processed.

In greater detail, the second exchanger 2 will have such dimensions, in
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accordance with methods which will be set out below, that the water vapour is
at the condensation temperature at the outlet thereof.

The course P of the gas to be processed therefore continues into a condensate
discharge portion 30 of the box-like body, inside which portion 30 the course P
inverts its direction, continuing towards a second vertical portion 40 parallel
with and beside the first vertical portion 20.

There is arranged inside the second vertical portion 40 a condensate separator
4, for example, constructed by means of coalescence systems and/or a
relaxing chamber, which intercepts the flow of gas in such a manner that dry
gas continues in a vertical direction along the course P and the condensed
component thereof is retained by the separator 4 in order then to fall owing to
gravitational force in the discharge portion 30 and to be discharged via the
outlet 301. The discharge portion may also have another security outlet 302
which has a higher depth than the outlet 301 and which intervenes in the
event of excessive filling of the portion 30.

As the coalescence system there may be used, for example, a demister which
substantially comprises a mattress of wire of steel or aluminium or plastics
material, whose material is selected on the basis of the application and the
type of droplets to be coalesced. With regard to the relaxing chamber,
however, which could be used in combination with or as an alternative to the
coalescence system, this is substantially a chamber which brings about a
reduction in the rate of flow so as to promote the separation of the condensed
component.

Finally, the course P of the gas terminates at a second horizontal portion

opposite the portion entering the first exchanger so as to bring about a heat
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exchange with the gas which is in turn introduced into the first exchanger 1 by
means of the inlet 101.

After that heat exchange has occurred, the gas is discharged from the
apparatus 100 by way of an outlet 102 constructed by means of an extension
piece which is positioned beside the inlet 101 in a lower or higher position
relative thereto on the basis of the specific structural requirements.

It is therefore possible to observe that a heat exchange takes place in the first
exchanger 1 between the gas to be processed at the inlet into the apparatus
100 and the dry gas being discharged from the condensate separator 4. In the
second exchanger 2, however, the gas being discharged from the first
exchanger 1 is cooled by means of a refrigerating fluid or other means suitable
for the purpose (cold fluid).

With reference to Figures 4 to 6, therefore, both the heat exchangers of the
apparatus according to the present invention are of the type “plate/fin”, that is
to say, they are constructed by means of a plurality of superimposed plates 12
which alternate with a group of corrugated fins 11. Those exchangers have a
series of fins 11 which are arranged on superimposed levels which are
separated from the plates 12. The levels defined in that manner are
alternately flowed through by the two fluids having a different thermal level,
which therefore exchange energy through the plate 12 which separates two
adjacent levels.

The exchanger is therefore laterally delimited by means of bars 13 which
delimit the flow of gas, or more generally the fluid, therein and confer
structural rigidity on the exchanger, respectively.

As indicated above, the exchangers 1, 2 according to the present invention
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have longitudinal extents which are equal to each other and which are defined
by means of a longitudinal extent | of the fins 11 which will each form a single
level of the exchanger.

In order to differentiate between the heat exchange performance levels
thereof, however, the exchangers 1 and 2 have plates 12 of different
thicknesses. As may be observed in Figures 7A to 7D, by the thickness of the
plates 12 being varied, for the same total spatial requirement of the
exchanger, there may be obtained a different number of levels defined by the
number of corrugated fins which are used in the exchanger, for the same total
spatial requirement of the exchangers, defined in terms of volume occupied
inside the box-like body. It is clear that, the greater the number of levels, the
greater the heat exchange which occurs in the exchanger will be.

That feature therefore allows use of a series of components having common
characteristics, that is to say, the box-like body, with the relevant inlets and
outlets and the fins 11 used in the exchangers, with the thickness of the plates
12 which represent a component of modest cost then simply being varied so
as to adapt the apparatus to the effective design requirements.

More specifically, the exchangers will have dimensions, and in particular a
longitudinal extent I, which are constant apart from the effectiveness levels of
heat exchange associated with the design data and the exchanger will be
dimensioned simply using plates of different thicknesses and, therefore, a
greater or smaller number of levels.

In the present case, for example, the first heat exchanger 1 carries out a
greater heat exchange and consequently uses a greater number of levels and

plates 12 of smaller dimensions, with respect to the second exchanger 2 which
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has plates 12’ of greater thickness. Figures 7C and 7D illustrate other possible
constructions for the heat exchangers, in particular with non-constant
thicknesses of the plates at the different levels.

The present invention allows substantial simplification of the production phase
of the apparatuses for drying gas because it will be sufficient to provide a
plurality of corrugated fins 11 of standard length and height which will be
associated with plates 12 having different thicknesses in order to construct the
first and the second exchanger in such a manner that they have the same
spatial requirement, respectively, and to be received in the box-like body.
Therefore, this solution allows a limit on the number of different components
required in order to construct the apparatus 100 with a resultant saving from
the economic point of view and logistical simplification.

Finally, in addition to the advantages described above, the apparatus
according to the present invention, once the minimum requirements of the
heat exchange required have been satisfied during the sizing step, that is to
say, it has been verified that the heat exchanger is effectively carrying out the
exchange for which it is intended, affords the opportunity of increasing the
cross-section of flow in use of thinner plates so as to reduce charge losses. It
is evident that there will also be a resultant increase in heat exchange with
respect to the minimum exchange required which will not in any manner
impair the operation of the apparatus rather than improving the performance

levels thereof.
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CLAIMS

1. An apparatus (100) for drying a gas to be processed comprising a first heat
exchanger (1), a second heat exchanger (2) and a condensate separator (4)
which are received inside a box-like body (10, 20, 30, 40, 50), said first and
second exchangers (1, 2) comprising a plurality of corrugated fins (11)
interposed between heat exchange plates (12, 12’, 12”) so as to define a
course for the gas to be processed and/or for a heat exchange fluid, said fins
(11) being distributed in each exchanger at levels one above the other which
are separated by said plates (12, 12’, 12"), characterized in that the first and
second exchangers (1, 2) are provided in such a manner that a flow of gas in
the first exchanger (1) is substantially perpendicular to a flow of gas in the
second exchanger (2), and in that the first and second exchangers (1, 2)
extend over longitudinal portions (10, 20) which are substantially equal to
each other, those longitudinal portions (10, 20) being defined by the
longitudinal extent (l) of the fins (11), the heat exchange plates (12) of the
first exchanger (1) having a different thickness with respect to the plates (12)
of the second exchanger (2) and the first and second exchangers (1, 2) having
substantially identical spatial requirements.

2. An apparatus (100) according to claim 1, wherein the fins (11) of the first
and second exchangers (1, 2) have substantially similar dimensional
characteristics.

3. An apparatus (100) according to claim 1 or claim 2, wherein the fins (11)
are constructed by means of a metal sheet which is folded and/or cut and/or
punched and/or corrugated.

4. An apparatus (100) according to any one of the preceding claims, wherein
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the thickness of the plates (12, 12’, 12”) is selected in accordance with the
heat exchange which is carried out in the first heat exchanger (1) and the
second heat exchanger (2).

5. An apparatus (100) according to any one of the preceding claims, wherein
the box-like body is provided with an inlet (101) for the gas to be processed
and an outlet (102) for the processed gas, the outlet (102) being constructed
in an extension piece positioned beside the inlet (101) and provided beside it.
6. An apparatus (100) according to any one of the preceding claims, wherein
the gas to be processed follows an operating course (P) which is defined by:

- a first horizontal portion (10) defined by the first exchanger (1);

- a connection portion defined by a connection element (50) between the first
and the second exchanger (1, 2);

- a first vertical portion of the second exchanger (20);

- an inversion portion at a condensate exchange portion (30), a second
vertical portion (40) at a condensate separator (4); and

- a second horizontal portion defined by the course of the heat exchange gas
of the first exchanger (1).

7. An apparatus (100) according to claim 6, wherein the condensate exchange
portion (30) is defined at a lower portion of the box-like body.

8. An apparatus (100) according to either claim 6 or claim 7, wherein the first
horizontal portion (10) has the same length (I) as the first vertical portion (20),
the heat exchange which takes place in those portions (10, 20) being different.
9. A method for constructing an apparatus (100) for drying a gas to be
processed comprising the steps of:

- providing a plurality of corrugated fins (11);
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- providing a first and a second group of plates (12, 12’), the plates (12) of
the first group having a different thickness from that of the plates (12’) of the
second group;

- associating a predetermined number of fins (11) with a plurality of plates (12)
of the first group so as to construct a first heat exchanger (1) and a second
predetermined number of fins with a plurality of plates (12’) of the second
group so as to construct a second heat exchanger (2), the first and second
exchangers (1, 2) having substantially identical spatial requirements in terms
of the total volume occupied;

- providing a box-like body in which there are defined a horizontal portion (10)
and a vertical portion (20) which have a substantially constant length and
which are provided to receive the first and second heat exchangers (1, 2),
respectively;

- assembling the first and second exchangers (1, 2) and a condensate
separator (4) in the box-like body in such a manner that there is defined an
operating course (P) for the gas to be processed, in which the gas passes
successively through the first exchanger (1), the second exchanger (2) and
the condensate separator (4).

10. A method for constructing an apparatus (100) according to claim 9,
wherein the thickness of the plates in the first and second groups is selected
on the basis of the heat exchange which takes place in total in the first

exchanger (1) and in the second exchanger (2), respectively.
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