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(54) TUBE BUNDLE HEAT EXCHANGER

(67)  Atube bundle heat exchanger of the dry expan-
sion type has a delivery/suction chamber which is sub-
stantially a single piece, without bolted parts, and is in-
stalled outside the exchanger and is not delimited by any
wall in direct contact with a liquid contained inside the
shell, but it is exposed to the atmosphere and is lapped
by the air of the environment in which the exchanger is
located. The delivery/suction chamber is directly fixed to

the tubes of the tube bundle, which have singularly ac-
cessible terminations that are fixed to the tube plate of
the shell and are in fluid communication in a waterproof
manner to the delivery chamber through corresponding
connections.

Itis also disclosed an evaporator made by filling with
water the containment volume, defined by the shell, in
which the tube bundle is contained.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to heatexchang-
ers and more particularly to a tube bundle heat exchanger
of dry expansion type where a fluid changing its state
under pressure is contained in a delivery chamber to be
heated/cooled with change of state by means of another
fluid at liquid state, contained in the shell, and where the
delivery chamber and the suction chamber of the heat
exchanger and are delimited from distinct and separate
walls from each other and from the shell, and they are
all lapped by air of the atmosphere of the surrounding
environment outside the shell of the exchanger.

TECHNOLOGICAL BACKGROUND

[0002] The tube bundle and shell heat exchangers are
well known and widely used to cool/heat fluids. These
exchangers comprise a shell surrounding a tube bundle,
in which a first fluid, for example water, or a mixture of
glycols 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
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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.
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] The prior document FR1335130, on the basis
of which the preamble of claim 1 is formulated, shows a
heat exchanger in which the delivery chamber and the
suction chamber are not delimited by distinct and sepa-
rate walls, but coexist inside to a same dome-shaped
tube plate, equipped with internal separation partitions.
Moreover, as in the prior art heat exchanger of Figure 1
discussed above, also the heat exchanger described in
FR1335130 document has the tube plate (indicated by
reference number 7) separated by a tube plate (indicated
with reference numeral 4), thus it is subject to the most
onerous certification procedure too.

[0010] The document US2006/266504 shows (see
Figures 2 and 4) the tube plate (indicated with the refer-
ence 201) illustrated in the attached figure 1, bolted to a
tube plate (indicated with the reference 115) to define
two delivery chambers and two suction chambers.
[0011] The document US2005/061025 describes (see
Figure 1) a head wall (indicated with the reference 36) in
the form of a dome fixed by means of a flange (indicated
with the reference 12) to a tube plate 28, defining inside
it a delivery chamber and a suction chamber, as in the
known exchanger of Figure 1 described above.

[0012] US3,800,867 discloses an evaporator having a
dome-shaped head wall fixed to a tube plate and defining
inside, together with the tube plate, a delivery chamber
and a suction chamber.
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SUMMARY

[0013] The Applicants have found that the so-called
dry expansion evaporators are subject to expensive cer-
tifications since the delivery/suction chamber, in which
the second fluid is collected, which is distributed among
the various tubes of the tube bundle in which it undergoes
a passage of state, to be then conveyed into the suction
chamber which supplies the fluid now transformed into
gas to an external device, it is delimited by at least one
wall in direct contact with the first fluid in the liquid state
contained within the shell of the evaporator. Moreover,
the delivery chamber is defined by bolting the end wall
against the tube plate of the shell, for which the remov-
able union of these two parts must be certified as perfectly
waterproof and perfectly safe.

[0014] To obviate these drawbacks, the Applicants
have realized a tube bundle heat exchanger of dry ex-
pansion type in which there is no head wall, but there is
a delivery chamber and a suction chamber to which a
respective delivery/return conduit is connected. The de-
livery/suction chamber is substantially a single piece,
without bolted parts, and it is installed outside the shell
of the heat exchanger and it is not delimited by any wall
in direct contact with the first fluid in the liquid state to be
cooled/heated, but it is lapped by the atmosphere air of
the environment in which the exchanger is located. The
supply/suction chamber is fixed to the tubes of the tube
bundle, which have singularly accessible terminations
fixed to the tube plate of the shell and which are in fluid
communication with corresponding openings of the de-
livery chamber.

[0015] According to one aspect, the delivery/suction
chamber is in the shape of a funnel having a fitting from
the tapered end of the funnel to the delivery/return conduit
and a plurality of outlet holes from the enlarged end of
the funnel, each hole being connected to a respective
tube of the tube bundle.

[0016] According to one aspect, the delivery/suction
chamber has an inlet opening to which there may be con-
nected a supply conduit of a second fluid under pressure,
which will change state, and a plurality of tubular outputs
in fluid communication with respective tubes of the tube
bundle, in which the tubular outputs are directly fixed to
the respective terminations of tubes by brazing, welding,
gluing, mechanical expansion or mechanical connection.
[0017] According to one aspect, a heat exchanger of
the present disclosure comprises several delivery/suc-
tion chambers, each having a tubular inlet, to be con-
nected to a delivery/aspiration duct of a second pressu-
rized fluid, which will change state, and a plurality of tu-
bular outlets directly fixed to respective pipe terminations
by brazing, welding, gluing, mechanical expansion or me-
chanical connection.

[0018] An evaporator is realized by filling with water
the containment volume defined by the shell, in which
the tube bundle is contained.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Figure 1 illustrates how a delivery/suction chamber
isformed in known-type evaporators with a head wall
bolted to a tube plate of the shell.

Figure 2 shows the surface of the head wall with the
recesses which form, with the outer surface of the
tube plate of the shell, at least one delivery chamber
and one a suction chamber.

Figure 3 is a profile view of an evaporator according
to this disclosure in which the delivery/suction cham-
ber is completely lapped by the air, exposed to the
atmosphere of the environment in which the evapo-
rator is installed.

Figure 4 is a perspective view of the evaporator of
Figure 3.

Figures 5a to 5c are profile views of different embod-
iments of delivery chambers or of suction chambers
usable in heat exchangers of the present disclosure.
Figures 6a to 6¢c are views in perspective and in
transparency of the delivery chambers or of suction
chambers of Figures 5a to 5c.

Figure 7 shows another evaporator according to this
disclosure.

Figure 8 is an exploded view of a detail of the ex-
changer of Figure 7, with plug-in and threaded re-
movable tubular outlets for coupling with a delivery
chamber or a suction chamber.

Figure 9 shows a plug-in removable tubular outlet
and a threaded removable tubular outlet, for coupling
a respective tube of the tube bundle with a delivery
chamber or a suction chamber.

DETAILED DESCRIPTION

[0020] Anevaporator of the dry-expansion tube bundle
type according to the present disclosure is illustrated in
Figures 3 and 4. As common evaporators, it has an outer
shell 9 which defines a containment volume filled of a
first fluid in a liquid state to be cooled/heated, in which a
tube bundle 1 is immersed, inside which a second fluid
circulates under pressure (for example freon or other sim-
ilar fluids) to be heated/cooled with change of state. The
first fluid in the liquid state is entered through the inlet
duct, which for example may be the duct 10 (or the duct
11) placed above (below) the evaporator in the example
of the figures, and is discharged through the outlet duct,
which for example can be the duct 11 (or the duct 10)
located below (above) the evaporator in the example of
the figures.

[0021] Preferably, the tubes 1 of the tube bundle are
U-shaped so that the inlet ends 12 of the second fluid in
the tube bundle 1 and the outlet ends 13 of the second
fluid from the tube bundle all pass through the same tube
plate 2 of the shell 9, as shown in the figures. However,
what will be said also applies when the tubes are sub-
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stantially straight and cross the shell 9 longitudinally, en-
tering from the tube plate 2 and coming out of a wall
longitudinally opposite to the tube plate.

[0022] Conveniently, within the containment volume
defined by the shell 9 of the evaporator, separating par-
titions (not shown) will be installed which define a zig-
zag path of the first fluid in the liquid state to be
cooled/heated so that it passes through the inlet duct 10
to the outlet duct 11, passing repeatedly between the
tubes in a countercurrent direction with respect to the
pressurized gas circulating in the pipes, so as to maxi-
mize the heat exchange efficiency. However, the config-
uration in equicurrent can be realized by reversing the
flow of one of the two fluids.

[0023] The evaporator can be supported by feet 14,
fixed to the tube plate 2, which keep it raised from ground,
as shown in figures 3 and 4, or it may have rings fixed to
the shell 9, as shown in figures 7 and 8, in order to be
supported by hooks.

[0024] A characteristic of the evaporator of this disclo-
sure is the fact that it has no head wall 5, of the type
shown in Figure 1, which instead is present in known
evaporators. As can be seen in Figures 3, 4, 7 and 8, the
tube plate 2 is flanged and is bolted to a flange 15 of the
shell 9, but does not define any delivery chamber. Unlike
the known evaporators of the type shown in Figure 1, the
tubes of the tube bundle located inside the shell have
individually accessible ends 12 and 13 fixed to the tube
plate 2. The individually accessible external ends 12 and
13 do not cause leakage of the second fluid through the
tube plate 2 pierced by the shell 9, as they are made to
adhere to the holes in the tube plate 2 for example by
gluing or brazing or welding.

[0025] According to one aspect, illustrated in Figures
3 and 4, the ends 12 and 13 cross the tube plate 2 of the
shell 9 and protrude therefrom.

[0026] Like the delivery chambers of known evapora-
tors, the evaporator of the present disclosure has one or
more delivery chambers 6 connected to a delivery con-
duit 4 through which the second pressurized fluid is con-
veyed, which will change state as it passes through the
tube bundle. The tubes of the tube bundle flow into the
delivery chamber 6, and are individually fixed to it through
corresponding waterproof connections.

[0027] Unlike known evaporators, the delivery cham-
ber 6, as well as the suction chamber 7, is defined by
surfaces distinct and separated from the shell 9, com-
pletely lapped by, immersed in, the air of the atmosphere
of the environment in which the evaporator is located.
According to one aspect, the walls of the delivery cham-
ber 6 and of the suction chamber 7 are also at a distance
from the shell 9 of the evaporator so as not to be physi-
cally in contact with it. In practice, the delivery chamber
6 and the suction chamber 7 are bounded by distinct and
discrete bodies, do not have any wall that is externally
wet from the first fluid to the liquid state contained in the
shell and each of them appears as a single body with
physically distinct walls that are separated by the shell 9
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ofthe evaporator. Moreover, the tubes of the tube bundle,
that protrude from the tube plate 2 the shell 9, are fixed
in a waterproof manner to corresponding connections of
the delivery chamber 6, thus the delivery chamber 6 is
entirely part of the circuit through which the second pres-
surized fluid to be heated/cooled circulates with state
change and does not share any wall with the circuit of
the first fluid at the liquid state to be cooled/heated con-
tained in the shell.

[0028] As shown in Figures 3 and 4, also the suction
chamber 7 will be realized as the delivery chamber 6,
with a plurality of inflow openings of the second fluid,
coming from the tubes ofthe tube bundle heat exchanger,
and an outflow opening placed in fluid communication
with a return conduit 8 of the second fluid. The two suction
chambers 7 shown in Figures 3 and 4 have distinct walls
separated from the shell 9 and at a distance from it, so
that all the surfaces of the suction chamber 7 are lapped
by the air of the environment in which the evaporator is
installed and do not have any wall wetted by the first fluid
in the liquid state.

[0029] According to one aspect, the suction chamber
7 (or the suction chambers, if there are at least two of
them as shown in the figures) is realized as the delivery
chamber 6, so as to avoid having to certify the evaporator
according to the PED directive, minimizing to the maxi-
mum certification costs.

[0030] According to the embodiment shown in the fig-
ures, the delivery chamber 6 has a plurality of tubular
outlets 16 which draw on the internal volume of the de-
livery chamber 6. Each of these tubular outlets 16 is fixed
firmly and directly to a respective end 12 which comes
out of the shell 9 so as to place the delivery chamber 6
in sealed fluid communication with each tube of the tube
bundle. These tubular outlets 16 are fixed in a waterproof
manner to the tube ends 12, for example by brazing,
welding, gluing, rolling or mechanical connection.
[0031] In practice, with this embodimentitis even pos-
sible to distribute the second fluid for each tube of the
tube bundle before it passes through the tube plate 2.
[0032] According to an embodiment not shown in the
figures, the ends 12 and 13 of the tubes coming out of
the tube plate 2 of the shell 9 are directly welded to the
walls of the delivery chamber 6 or of the suction chamber
7. This embodiment, however, is less preferred since it
is relatively difficult to weld all the tubes, which may be
very numerous, to the same wall of the delivery chamber
6 or of the suction chamber 7.

[0033] According to one aspect, illustrated in Figures
7 and 8, the ends 12 and 13 (not shown) are fixed to the
tube plate 2 and do not protrude therefrom. Substantially,
the ends 12 and 13 are within the thickness of the tube
plate 2 and do not protrude from the holes 3 towards the
outside of the shell 9. The connection with the delivery
chamber 6 and the suction chamber 7 is effected by
means of the tubular outlets 16. These tubular outlets 16
may be integral with the delivery chamber 6 or the suction
chamber 7, respectively, or, as shown in figures 8 and
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9, they may be produced as separate tubular elements.
According to one aspect, the tubular outlets 16 have:

- an apical portion 17a, configured to be engaged in
a respective tube of the tube bundle 1;

- aprotrusion 17b defining at least one abutment sur-
face against the tube plate 2;

- adistal portion 17c, configured to be engaged in the
delivery chamber 6 or in the suction chamber 7.

[0034] The apical portion 17a can be fixed to the re-
spective tube of the tube bundle 1, expanded in the hole
3 of the tube plate 2, by gluing, or by mechanical expan-
sion or mechanical connection. Conveniently, the apical
portion 17a will have a truncated conical shape so as to
guide the insertion of the tubular outlet 16 keeping it cen-
tered with respect to the hole 3 until the protrusion 17b
is not against the tube plate 2.

[0035] In a similar manner, the distal portion 17¢c may
also be frusto-conical, so as to guide the insertion into
the suction chamber 7 (or the delivery chamber 6) as
shown in figure 8, until the protrusion 17b does not come
into contact. Alternatively, the distal portion 17¢ may be
threaded, as best shown in Figure 9, so as to be fixed to
the delivery chamber 6 (or suction chamber 7) by screw-
ing, before engaging the apical portion 17a in the respec-
tive tube of the tube bundle 1. The latter solution appears
preferable to firmly connect the delivery chamber 6 in
fluid communication with the tubes of the tube bundle 1,
while the first solution seems preferable to connect the
delivery chamber 6 in fluid communication with the tubes
of the tube bundle 1 because the presence of a thread
would cause the light of the tubular outlet 16 to be re-
duced.

[0036] Conveniently, as shown in the figures, there
may be several delivery chambers 6 each with its own
tubular inlet, to be connected to a delivery conduit 4 of
the second pressurized fluid. In this way, the number of
branches that depart from each delivery chamber 6 is
limited, which therefore can be realized as a standard
component with a predetermined number of tubular out-
puts 16.

[0037] All that has been said for the delivery chamber
can be repeated, mutatis mutandis, for the suction cham-
bers 7 which collects the second fluid coming out of the
tube bundle before make it return to a compressor
through the return conduit 8.

[0038] The shape of the delivery chamber 6, as well
as of the suction chamber 7, can be any, as schematically
shown in the profile views of figures 5a to 5¢ and in the
corresponding semitransparent perspective views of fig-
ures 6a to 6¢, which illustrate delivery chambers 6 or
suction chambers 7 in the form of a parallelepiped (fig-
ures 5a and 6a), in the form of a hollow cylinder (figures
5c and 6¢), or in the shape of a funnel (figures 5b and
6b), all provided with tubular outlets 16. In the case illus-
trated in Figures 5b and 6b, the delivery chamber 6 (suc-
tion chamber 7) will have a tapered end for connection
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with the delivery duct 4 (suction duct 8) of the second
fluid and a plurality of outlet holes from the enlarged end
of the funnel, each output hole being connectable to a
respective tube of the tube bundle through a respective
tubular outlet 16.

[0039] With a delivery chamber 6 and an a suction
chamber 7 delimited by walls completely separated from
the shell 9 of the evaporator and fixed externally to the
tubes of the tube bundle, the efficiency of the heat ex-
change is not penalized. Moreover, it becomes possible
to market evaporators at lower costs because it is easier
to realize them and avoid those construction features that
impose higher certification costs.

Claims
1. A tube bundle heat exchanger, comprising:

a shell (9) defining a containment volume, said
shell (9) having an inlet duct (10) and an outlet
duct (11) from the containing volume suitable
for conveying a first fluid in a liquid state to be
cooled or heated, and at least one perforated
tube plate (2) with through holes (3) suitable for
allowing tubes (1), of a tube bundle, pass
throughout them in a waterproof manner,

a tube bundle (1), each tube of said tube bundle
being inserted in a waterproof manner through
a respective hole of said through holes (3) of the
perforated tube plate (2),

a delivery chamber (6) of a second fluid under
pressure to be heated or cooled with a phase
change, defining an inflow opening suitable for
being placed in fluid communication with a de-
livery conduit (4) of the second fluid, and a plu-
rality of outflow openings, each one of said out-
flow openings being suitable for being placed in
fluid communication with a respective tube of
the tubes (1) of the tube bundle,

a suction chamber (7) of the second fluid, defin-
ing a plurality of inflow openings, each one of
said inflow openings being suitable for being
placed in fluid communication with a respective
tube of said tubes (1) of the tube bundle, and a
drain opening suitable to be placed in fluid com-
munication with a return conduit (8) of the sec-
ond fluid,

the tubes (1) of said tube bundle are inserted in
the through holes (3) of said perforated tube
plate (2) and have first ends (12) and second
ends (13) which are fixed to the perforated tube
plate (2) of the shell (9) of the heat exchanger;
characterized in that

each chamber of said delivery chamber (6) and
of said suction chamber (7) is delimited by re-
spective walls and all said respective walls are
distinct and separated among them and from
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said shell (9), so that all the respective walls of
the delivery chamber (6) and of the suction
chamber (7) are lapped by air of an environment
in which the heat exchanger is installed;

each end of said first ends (12) of the tubes (1)
ofthe tube bundle is fixed in fluid communication
and in a non-removable manner to a respective
opening of said outflow openings of the delivery
chamber (6) either by brazing, or by welding, or
by gluing, or by mechanical expansion or by me-
chanical connection;

each end of said second ends (13) of the tubes
(1) of the tube bundle is fixed in fluid communi-
cation and in a non removable fashion to a re-
spective opening of said inflow opening of the
suction chamber (7) either by brazing, or by
welding, or by gluing, or by mechanical expan-
sion or by mechanical connection.

The heat exchanger according to the preceding
claims, comprising a plurality of tubular outlets (16)
fixed to the respective openings of said outflow ap-
ertures of the delivery chamber (6), each end of said
first ends (12) of the tubes (1) of the tube bundle is
fixed directly in a non-removable manner to a re-
spective tubular outlet of said tubular outlets (16) ei-
ther by brazing, or by welding, or by gluing, or by
mechanical expansion or mechanical connection.

The heat exchanger according to one of the preced-
ing claims, comprising at least two identical delivery
chambers (6), in which each delivery chamber (6) is
delimited by walls separated by said shell (9) and at
a distance therefrom, and has a plurality of outflow
apertures each fixed and in fluid communication with
a respective tube of a subset of the tubes (1) of the
tube bundle.

The heat exchanger according to one of the preced-
ing claims, wherein the shell (9) comprises a flange
(15), wherein said flange (15) is bolted on a perfo-
rated outer surface of the perforated tube plate (2).

The heat exchanger according to one of the preced-
ing claims, wherein said tubes (1) of the tube bundle
are U-bentinside the containment volume, they enter
in and exit from the containment volume through the
same perforated tube plate and have said first ends
(12) and second ends (13) that protrude outside the
shell (9) of the heat exchanger.

The heatexchanger according to claim 5, comprising
a separating partition installed inside the shell (9) to
define a refrigerating liquid circulation path, from the
inlet duct (10) to the outlet duct (11), directed coun-
tercurrent or co-current with respect to a circulation
path of the second fluid under pressure to be heated
or cooled with phase transition in the tube bundle (1)
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10.

1.

from the first ends (12) to the second ends (13).

The heat exchanger according to any one of claims
1 to 4, wherein said tubes (1) of the tube bundle are
straight inside the containment volume, they enter
in the tube plate and exit from a perforated wall op-
posite the tube plate and they have said first ends
(12) and said second ends (13) which protrude out-
side the shell (9) of the heat exchanger.

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

The heat exchanger according to one of the preced-
ing claims, wherein all said respective walls of said
delivery chamber (6) and of said suction chamber
(7) are at a distance from said shell (9).

The heat exchanger according to the previous claim,
wherein the tubes (1) of said tube bundle cross the
through holes (3) of said perforated tube plate (2)
and have the first ends (12) and the second ends
(13) that protrude from the perforated tube plate (2)
outside the shell (9) of the heat exchanger.

An evaporator, comprising a heat exchanger accord-
ing to one of the preceding claims, wherein said con-
tainment volume s filled with a firstliquid to be cooled
or heated.
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