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(54) TUBE PLATE FOR A HEAT EXCHANGER AND RELATED TUBE BUNDLE HEAT EXCHANGER

(57) A tube plate for a tube bundle heat exchanger according to the present disclosure comprises:
- a plurality of rear delivery openings arranged in delivery rows and columns, each connectable to a first end of a relative
tube of the tube bundle, and a plurality of rear suction apertures organized in suction rows and columns, each connectable
to a second end of the relative tube of the tube bundle opposite to the first end,
- delivery channels entirely defined within the thickness of the tube plate, which put in fluid communication among them
the rear delivery openings of a same delivery column or of a same delivery row, and suction channels entirely defined
within the thickness of the tube plate, which put in fluid communication the rear suction openings of a same suction
column or of a same suction row;
with the delivery channels that flow with lateral delivery openings on the side surface of the tube plate and the suction
channels that flow with the lateral suction openings on the side surface of the tube plate.

Such a tube plate can be mounted on a shell containing a tube bundle to form a tube bundle heat exchanger of dry
expansion type and a relative evaporator.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to heatexchang-
ers and more in particular to a tube plate for a heat ex-
changer, as well as arelative tube bundle heat exchanger
in which a pressurized fluid is heated/cooled with change
of state by means of another fluid in the liquid state con-
tained in the shell.

TECHNOLOGICAL BACKGROUND

[0002] Tubebundle and shell heatexchangers are well
known and widely used to cool/heat fluids. These ex-
changers comprise a shell surrounding a tube bundle, in
which a first fluid, for example water, or a mixture of gly-
cols or yet another suitable liquid (e.g. oil), which flows
in the space delimited between the inner surface of the
shell and the outer surfaces of the pipes, is heated/cooled
by a second fluid that flows inside the tube bundle, for
example a pressurized fluid that changes state (like Fre-
on) when it crosses the tube bundle. Among the heat
exchangers, evaporators are called dry expansion evap-
orators when the heat exchange surface is lapped exter-
nally by the first fluid, that transfers or absorbs heat, for
example water.

[0003] In order to inject the second fluid under pres-
sure, which will change state, through the tube bundle,
maximizing the heat exchange efficiency, itis necessary
to ensure thatitis equally distributed between the plurality
of tubes. For this reason, a structure of the type shown
in Figure 1 is commonly used. The tubes 1 of the tube
bundle are fixed in a waterproof manner to a tube plate
2 of a shell 9 of the evaporator, which is fixed by means
of a flange 15 to the tube plate 2 and which defines a
containment volume intended to contain the tube bundle
1 immersed in a first fluid in the liquid state to be
cooled/heated. The tube plate 2 has through holes 3
which pass through its thickness and has the tubes (of
the tube bundle 1 in the containment volume) inserted in
the respective through holes 3 and fixed to them.
[0004] To distribute the second fluid among the tubes
1, the holes 3 in the tube plate 2 are made so as to flow
into a delivery chamber to which the tubes of the tube
bundle draw: the second fluid, conveyed through a de-
livery conduit 4, passes in the delivery chamber and from
there it is distributed equally among all the tubes 1 pass-
ing through the holes 3.

[0005] Typically, the delivery chamber is made by a
head wall 5 shaped so as to define at least one concave
profile 6 on the surface facing the tube plate 2 of the shell,
as shown in Figure 2. The head wall 5 is bolted against
the tube plate 2 of the shell, so that the concave profile
6 of the head wall 5 forms with the tube plate 2 a cavity
that is filled with the second fluid from the duct 4, to dis-
tribute the second fluid, which will change its state,
among the various tubes of the bundle 1 that flow into it.
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On the same head wall 5 other concave profiles 7 are
defined which form, with the tube plate 2, the suction
chambers in which the second fluid is collected, which is
sucked from the return conduits 8.

[0006] Although this embodimentis commonly consid-
ered satisfactory, the applicants have set themselves the
goal of reducing production costs of evaporators while
maintaining their performance unchanged.

[0007] Among the expenses that mostly affect the final
cost of this type of heat exchangers, there is the expense
to certify the product in accordance with the Pressure
Equipment Directive 2014/68/EU currently in force in It-
aly. This directive, commonly called PED, by the English
name Pressure Equipment Directive, provides various
certification procedures depending on a risk category of
the general equipment under pressure.

[0008] Applicants have noted that the delivery cham-
ber and the suction chamber, realized inside of the tube
plate, oblige to require the more onerous certification pro-
cedure, impacting significantly on the final costs of the
apparatus. Therefore, the problem of how to make the
delivery chamber and the suction chamber was ad-
dressed, without incurring in the expensive legal obliga-
tions provided for by the regulations currently in force
and without penalizing the efficiency of heat exchange
of the entire evaporator.

[0009] DocumentFR3046838discloses (figure 4 ofthe
document) a tube plate according to the preamble of
claim 1. Itis configured so as to putin fluid communication
among them inside the tube plate all the front openings,
in which each front opening is connected to a respective
tube of a tube bundle. The tubes connected to the tube
plate are therefore communicating vessels so that, when
the inside of the tube plate is filled with fluid, further in-
jected fluid is distributed among all the tubes.

[0010] A disadvantage of this tube plate is that it does
not allow to select the tubes in which to introduce fluid.
Furthermore, it cannot be used in heat exchangers with
a U-bent tube bundle, as it would put the opposite ends
of each tube in direct fluid communication. Finally, it must
necessarily be used lying on a horizontal plane, in order
to have a correct distribution of the fluid in the tubes by
exploiting the principle of communicating vessels.
[0011] EP810414 discloses a heat exchanger for cool-
ing gas by means of cooling pipes installed in an external
pipe, in which the cooling pipes are welded at each end
to a water chamber which supplies and receives a cool-
ant.

[0012] US5425415 discloses avertical heatexchanger
which comprises a vertical tube bundle connected be-
tween a lower inlet opening and an upper outlet opening.
[0013] FR3016958 discloses a heat exchanger, in par-
ticular for an air conditioning circuit of a vehicle.

SUMMARY

[0014] The Applicants have found that the so-called
dry expansion evaporators are subject to expensive cer-
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tifications since the delivery chamber, in which the sec-
ond fluid is collected before being sorted between the
various tubes of the tube bundle, is delimited by at least
one direct wall contact with the first fluid in the liquid state
contained within the shell of the evaporator. In addition,
the delivery chamber is defined by bolting the head wall
against the tube plate of the shell, so that the removable
union of these two parts must be certified as perfectly
sealed and as perfectly safe, given that the tube plate
has a surface in direct contact with the first fluid in the
liquid state.

[0015] To overcome these drawbacks, the Applicants
have realized a tube plate for a tube bundle heat ex-
changer which overcomes the aforementioned limita-
tions. This result is achieved thanks to the tube plate
according to the present disclosure, which comprises:

- aplurality of first rear openings arranged in first rows
or columns, each connectable to a first end of a rel-
ative tube of the tube bundle, and a plurality of sec-
ond rear apertures organized in second rows or col-
umns, each connectable to a second end of the rel-
ative tube of the tube bundle opposite to the firstend,

- firstchannels entirely defined within the thickness of
the tube plate, which put in fluid communication
among them the first rear openings of a same first
column or of a same first row, and second channels
entirely defined within the thickness of the tube plate,
which put in fluid communication the second rear
openings of the same second column or of the same
second row;

with the first channels that flow with first lateral openings
on the side surface of the tube plate and second channels
that flow with the second lateral openings on the side
surface of the tube plate. The tube plate is a one-piece
plate and the first channels are distinct and separate and
are not in fluid communication with each other inside the
tube plate, and so also the second channels are distinct
and separate and are not in fluid communication with
each other inside the tube plate.

[0016] According to one aspect, the first channels are
fluid delivery channels and the second channels are fluid
suction channels.

[0017] Such a tube plate can be mounted on a shell
containing a tube bundle to form a tube bundle heat ex-
changer of dry expansion type and a relative evaporator.
[0018] An evaporator is made by filling with liquid the
containment volume defined by the shell, containing the
tube bundle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]
Figure 1 illustrates how a delivery chamber is formed

in evaporators of a known type made with a head
wall bolted to a tube plate of the shell.
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Figure 2 shows the surface of the head wall with the
recesses that form, with the outer surface of the tube
plate of the shell, at least one delivery chamber and
one suction chamber.

Figures 3A to 3H are respectively views of the outer
surface (3A), of the inner surface (3B), of the side
surface from above (3C), of the side surface from
below (3D), of the profile of the side surface (3E), as
well as cross-sections (3F, 3G and 3H) of a circular
tube plate according to the present disclosure.
Figures 3l to 30 are similar to figures 3A to 3G and
refer to a square tube plate according to the present
disclosure.

Figures 4A to 4C are respectively a profile view (4A),
a top view (4B) and a detail view (4C) of the tube
plate of Figures 3A to 3H mounted on a shell of a
heat exchanger.

The figures from 5A to 5E are respectively a top view
(5A), afront view (5B), a side view (5C) and perspec-
tive views (5D and 5E) of a delivery chamber with
walls lapped by air of an environment in which the
exchanger is installed.

Figures 6A to 6D are respectively a side view (6A),
a front view (6B) and perspective views (6C and 6D)
of a suction chamber with walls lapped by the air of
a room in which the exchanger is installed.

Figures 7A to 7D are respectively a front view (7A),
a side view (7B), a top view (7C) and a perspective
view (7D) of a heat exchanger with the circular tube
plate of figures from 3A to 3H according to an em-
bodiment of the present disclosure.

Figure 7E shows the heat exchanger of Figure 7D
withoutthe shell that defines the containmentvolume
of the coolant.

Figures 8A to 8D are respectively a front view (8A),
a side view (8B), a top view (8C) and a perspective
view (8D) of a heat exchanger with the square tube
plate of Figures 3l to 30 according to another em-
bodiment of the present disclosure.

Figure 8E shows the heat exchanger of Figure 8D
withoutthe shell that defines the containmentvolume
of the coolant.

DETAILED DESCRIPTION

[0020] A circular tube plate 2 according to the present
disclosure is illustrated from different points of view and
in section in Figures 3A to 3H. A similar tube plate 2
having a substantially square shape is shown in Figures
3l to 30 which correspond respectively to Figure 3A to
3G. It is made in the form of a monobloc plate of rigid
material, with a front surface 9 (Fig. 3B; Fig. 3J) which
remains outside the containment volume of the exchang-
er, a rear surface 10 (Fig. 3A; Fig. 3l) intended to be
oriented inside the containment volume ofthe exchanger,
and from a side surface 11 (Figs. 3C, 3D; Figs. 3K, 3L)
which defines the thickness of the tube plate 2.

[0021] On the back surface 10 first rear openings 12
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are defined, which can for example be delivery openings
12 of a fluid, and many second rear openings 13, which
can for example be suction openings 13, which may be
connected to respective ends of the tubes of a tube bun-
dle. The first rear openings 12 and the second rear open-
ings 13 are organized in first rows or columns and, re-
spectively, second rows or columns (or vice versa).
[0022] In the following description, reference will be
made to the non-limiting example in which the first open-
ings 12 are delivery openings 12 and the second open-
ings 13 are suction openings, and in which both the de-
livery openings 12 and the suction openings 13 are or-
ganized in delivery and suction columns distinct and sep-
arated from each other and not in fluid communication
with each other within the thickness of the single-piece
tube plate 2. However, according to an aspect not shown
in the figures, the first openings 12 can be arranged in
columns and the second openings 13 can be arranged
in rows, distinct and separated from one another and not
in fluid communication within the thickness of the single-
piece tube plate 2.

[0023] According to an aspect shown in the figures,
the first openings 12 are distinct and separated from the
second openings 13 so as to allow the tube plate 2 to be
used to pump fluid into the tubes through the first open-
ings 12 and to suck the fluid from the tubes through the
second openings 13.

[0024] Asshowninthe sectional view of Figure 3F (Fig-
ure 3N) and of Figure 3H, the rear delivery openings 12
of a same delivery column are connected in fluid com-
munication with each other within the thickness of the
tube plate 2 by means of a respective delivery channel
14 which opens onto the side surface 11 with arespective
lateral delivery opening 16. Similarly, the rear suction
openings 13 of a same suction column are connected in
fluid communication with each other by a respective suc-
tion channel 15 which opens onto the side surface 11
with a respective lateral suction opening 17. The delivery
channels 14 and the suction channels 15 are made in
the compact thickness of the tube plate 2, as illustrated
by the comparison of Figures 3F and 3G (Figures 3N and
30). In Figures 3A and 3G (figures 3l and 30) is also
shown the peripheral groove 21 on the rear surface 10
intended to accommodate the profile of the shell so as
to close the containment volume of the heat exchanger.
[0025] Preferably, but not necessarily, the delivery
channels 14 and the suction channels 15 are arranged
so as to lead to first lateral openings 16 diametrically
opposed to the lateral suction openings 17. For example,
the lateral delivery openings 16 can be oriented down-
wards (fig. 3D; fig. 3L) and the lateral suction openings
17 can be oriented upwards (fig. 3C; fig. 3K).

[0026] Accordingto the presentdisclosure, each of the
tubes of the tube bundle has an end sealingly secured
and in fluid communication to a respective first rear open-
ing 12 and the opposite end sealed and in fluid commu-
nication to a respective rear suction opening 13. To fix
each tube in a waterproof manner in the respective rear
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opening, internally threaded holes 22 are made on the
front face 9 of the tube plate, substantially coaxial with a
corresponding first rear opening 12 or suction opening
13. These internally threaded holes 22 have a sufficiently
large diameter for inserting a mandrel through them so
as to access inside a tube engaged in the rear delivery
opening 12 or suction opening 13, so as to fix the tubes
in a waterproof manner in the respective rear openings
thanks to an expansion process. Once performed the
expansion, the internally threaded holes 22 are sealed
by screws 23, which are visible from the outside, as
shown in Figures 7A to 8E.

[0027] With this structure, the second pressurized fluid
may be distributed with passage of state among all the
tubes of the tube bundle which belong to the same de-
livery channel 14, pumping it through the respective lat-
eral delivery opening 16, and it can be sucked from all
the tubes of the tube bundle that belong to the same
suction channel 15 simply by pumping it through the re-
spective lateral suction opening 17.

[0028] In other words, the volume of the second fluid
to be pumped through the tubes of the beam is divided
into as many sub-volumes as there are the delivery chan-
nels 14 outside the exchanger, before reaching the tube
plate 2. Inside the tube plate, each delivery channel 14
provides for the subdivision of the respective sub-volume
only among the tubes that are connected to it. Even if
the delivery channels 14 were considered, from a regu-
latory point of view, as functionally equivalent to the de-
livery chambers of the known exchanger of figures 1 and
2, however, they are characterized by considerably
smaller volumes, which reduces certification costs.
Moreover, the delivery channels 14 (as well as the suction
channels 15) are made in the single-piece thickness of
the tube plate 2 and are not obtained by union of two
bolted plates.

[0029] The tube plate 2 shown in the above figures
may easily be connected to a shell 18 in the manner
shown in Figures 4A to 4C, for example with the lateral
delivery openings 16 facing downwards and the lateral
suction openings 17 facing upwards (or vice versa), en-
gaging the profile of the shell 18 in the groove 21 of the
rear wall 10, as shown in Figure 4C.

[0030] The heat exchanger is completed by mounting
one or more delivery chambers 6, for example of the type
shown in figures 5A to 5E, and one or more suction cham-
bers 7, for example of the type shown in figures 6A to
6D. Each delivery chamber 6 is delimited by walls sep-
arated by the shell 18 and is configured to be at a distance
from it, so that the walls of the delivery chamber 6 are
lapped by the air of the environment in which the ex-
changer is installed. Each delivery chamber 6 has outlet
openings 19 sealedly connected in fluid communication
to a respective lateral delivery opening 16 of the tube
plate 2, and has an inlet opening 4 suitable for being
placed in fluid communication with a delivery conduit of
the second fluid.

[0031] In a dual manner, each suction chamber 7 is
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also delimited by walls separated by the shell 18 and at
a distance from it, so as to be lapped by air of the envi-
ronment in which the exchanger is installed, and has inlet
openings 20 connected in sealing fluid composition to
respective lateral suction openings 17 of the tube plate
2, besides having an outlet opening 8 suitable for being
placed in fluid communication with a suction conduit of
the second fluid.

[0032] Figures 7A to 7D and Figures 8A to 8D show
heat exchangers according to alternative embodiments
of the present disclosure, in which the various parts are
numbered with the same references of the figures from
3Ato6D. Figure 7E (Figure 8E) shows the heat exchang-
er of Figure 7D (Figure 8D) without the shell 18, so as to
uncover the bundle of tubes 1 fixed to the tube plate 2.
Thanks to this configuration, it is possible to extract the
tube bundle 1 from the shell 18 by removing the bolts
(not shown) which fix the tube plate 2 to the shell 18 and
then pulling out the tube bundle 1 longitudinally from the
shell 18.

[0033] In the configuration shown in Figure 7E (Figure
8E) it can be understood that the tube bundle 1 is bent
in a U-shape and is separated by a substantially horizon-
tal separator, fixed to the tube plate 2, which remains
inside the shell 18 to define a circulation path of the first
fluid in a liquid, from an inlet conduit of the first fluid to
an outlet conduit of the first fluid, directed countercurrent
with respect to a path for circulation of the second fluid
under pressure in the bundle of tubes 1. Clearly, also the
cocurrent configuration is possible simply by reversing
the flow of one of the two fluids.

[0034] Thanks to the particular characteristics of the
tube plate 2, it is possible to realize evaporators which
have the same performances as known evaporators in
terms of heat exchange efficiency, but which require low-
er certification costs, and thus lower total costs, because:

- thevolume ofthe second fluid, pumped at a pressure
in the pipes and destined to a phase transition, is
divided into sub-volumes before being distributed to
each tube;

- the subdivision into sub-volumes takes place inside
one or more delivery chambers 6 delimited by walls
completely detached from the shell 18 and lapped
by air of the environment;

- the distribution of each sub-volume of the second
fluid is carried out through channels defined in the
single-piece body of the tube plate, so that certifica-
tion obligations are avoided, that are due when the
distribution of the second fluid in the tube bundle
takes place through a cavity obtained by bolting two
distinct parts;

- similarly, suction of the second fluid is carried out by
sub-volumes thanks to the suction channels 15 de-
fined in the body of the tube plate 2;

- finally, the different aspirated sub-volumes of the
second fluid are conveyed to one or more suction
chambers 7 delimited by walls completely detached

(]
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from the shell 18 and lapped by air of the environ-
ment.

Claims

1. A tube plate (2) for a tube bundle heat exchanger,
having:

- afront surface (9), a rear surface (10) opposite
to the front surface (9) and a side surface (11)
which defines a thickness of the tube plate be-
tween the front surface (9) and the rear surface
(10),

- at the rear surface (10), a plurality of first rear
openings (12) organized in first rows or first col-
umns, each first rear opening (12) being con-
nectable to a first end of a corresponding tube
of the tube bundle (1), and a plurality of second
rear openings (13) organized in second rows or
second columns, each second rear opening (13)
being connectable to a second end of the cor-
responding tube of the tube bundle (1) opposite
to said first end,

- first channels (14) entirely defined within the
thickness of the tube plate (2), which bring into
fluid communication among them the first rear
openings (12) of a same first row or of a same
first column,

- second channels (15) entirely defined within
the thickness of the tube plate (2), which bring
into fluid communication the second rear open-
ings (13) of a same first row or of a same first
column,

wherein the first channels (14) terminate with respec-
tive first lateral openings (16) on the side surface
(11) of the tube plate (2) and the second channels
(15) terminate with second lateral openings (17) on
the side surface (11) of the tube plate (2),

wherein said tube plate (2) is a single piece plate,
characterized in that

said first channels (14) are distinct and separated
among them and are not in fluid communication
among them inside the tube plate (2);

said second channels (15) are distinct and separated
and are not in fluid communication among them in-
side the tube plate (2);

each firstlateral opening of said first lateral openings
(16) is in fluid communication inside the tube plate
(2) with a single respective channel of said first chan-
nels (14);

each second lateral opening of said second lateral
openings (17) is in fluid communication inside the
tube plate (2) with a single respective channel of said
second channels (15).

2. Thetube plate (2) according to claim 1, wherein said
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second lateral openings (17) are defined on the side
surface (11) of the tube plate (2) preferably in dia-
metrically opposite positions with respect to said first
lateral openings (16).

The tube plate (2) according to claim 1 or 2, wherein
internally threaded holes (22) are drilled on said front
surface (9), each threaded hole of said internally
threaded holes (22):

- is coaxial with a corresponding rear opening
of said first rear openings (12) and of said sec-
ond rear openings (13),

- has a sufficiently large inner diameter to allow
a mandrel to pass through it and to enter into a
tube (1) insertedinthe corresponding rear open-

ing;

wherein the tube plate (2) also comprises as many
threaded screws (23) as said internally threaded
holes (22), each of said threaded screws (23) being
screwed into a relative threaded hole (22) so as to
seal it hermetically.

A tube plate (2) according to one of the preceding
claims, wherein said first channels (14) are delivery
channels (14) of a fluid and said second channels
(15) are suction channels (15) of said fluid, and
wherein said delivery channels (14) are distinct and
separated from said suction channels (15) and are
not in fluid communication among them inside the
tube plate (2).

A tube bundle heat exchanger, comprising:

a shell (18) defining a containment volume, said
shell (18) having an inlet conduit and an outlet
conduit from the containment volume suitable
for a first fluid in a liquid state to be cooled or
heated, and at least one tube plate (2),

a tube bundle (1),

a delivery chamber (6) of a second fluid under
pressure to be heated or cooled with a state pas-
sage, defining an inlet opening (4) suitable for
being placed in fluid communication with a de-
livery conduit of the second fluid, and a plurality
of outlet openings (19) each suitable for being
placed in fluid communication with a respective
tube of the tube bundle (1),

a suction chamber (7) of the second fluid, defin-
ing a plurality ofinlet openings (20) each suitable
for being placed in fluid communication with a
respective tube of the tube bundle (1), and an
outlet opening (8) suitable for being placed in
fluid communication with a suction conduit of the
second fluid,

characterized in that

said head wall is as defined in claim 4;
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said firstends of the tubes (1) of said tube bundle
are sealedly plugged-in in said first rear open-
ings (12) of the tube plate (2) in fluid communi-
cation with the corresponding delivery channel
(14), and said second ends of the tubes (1) of
said tube bundle are sealedly fixed into said sec-
ond rear openings (13) of the tube plate in fluid
communication with the corresponding suction
channel (15);

said delivery chamber (6) is delimited by walls
separated from said shell (18) and at a distance
therefrom, so that said walls of the delivery
chamber (6) are lapped by air of an environment
in which the heat exchanger is installed, wherein
each outlet opening of said outlet openings (19)
of the delivery chamber (6) is connected in fluid
communication and in a waterproof manner to
a respective first lateral opening of said first lat-
eral openings (16) of the tube plate (2);

said suction chamber (7) is delimited by walls
separated from said shell (18) and at a distance
therefrom, so that said walls of the suction cham-
ber (7) are lapped by air of an environment in
which the exchanger is installed, wherein each
inlet opening of said inlet openings (20) of the
suction chamber (7) is connected in fluid com-
munication in a waterproof manner to a respec-
tive second lateral opening of said second lateral
openings (17) of the tube plate (2).

The heat exchanger according to the preceding
claim, comprising at least two identical delivery
chambers (6), in which each delivery chamber (6) is
delimited by walls separated from said shell (18) and
at a distance therefrom, so that said walls of the de-
livery chamber (6) are lapped by air of an environ-
ment in which the exchanger is installed, in which
each outlet opening of said outlet openings (19) is
connected in fluid communication in a waterproof
manner to a respective lateral delivery opening of
said lateral delivery openings (16) of the tube plate

).

The heat exchanger according to one of claims 5
and 6, comprising at least two identical suction
chambers (7), in which each suction chamber (7) is
delimited by walls separated from said shell (18) and
at a distance therefrom, so that said walls of the suc-
tion chamber (7) are lapped by air of an environment
in which the exchanger is installed, in which each
inlet opening of said inlet openings (20) is connected
in fluid communication in a waterproof manner to a
respective second lateral opening of said second lat-
eral openings (16) of the tube plate (2).

The heat exchanger according to one of claims from
5to 7, wherein said tubes (1) of the tube bundle are
U-bent inside the containment volume.
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The heatexchanger according to claim 8, comprising
a separating partition installed inside the shell (18)
to define a circulation path for the first fluid in the
liquid state, from an inlet conduit of the first fluid to
an outlet conduit of the first fluid, directed counter-
current with respect to a circulation path of the sec-
ond fluid under pressure in the tube bundle (1).

The heat exchanger according to one of claims 5 to
9, wherein said tube plate (2) is integral with the tubes
(1) of the tube bundle, and is removably fixed to the
shell (18) so as to allow to extract the tube bundle
(1) from the shell (18).

An evaporator, comprising a heat exchanger accord-
ingtoone of claims 5to 10, wherein said containment
volume is filled with the first fluid in the liquid state.
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