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(57) Shell-and-tube heat exchanger, with "U" shaped
exchanging tubes and cylindrical geometry, for an indi-
rect heat exchange between a shell-side fluid and a
tube-side fluid, and the operating method thereof. The
two sets of straight legs of the exchanging tubes distinctly
belong to two zones of the tube bundle longitudinally di-
vided by means of a dividing system having a free and
open end facing the tube-sheet so to put in fluid commu-
nication said zones.

Heat exchanger where the shell-side fluid crosses a
first set of straight legs flowing towards the tube-sheet,
reverses the sense of the flow at said free and open end,
and then crosses the second set of straight legs flowing
towards the U-bends. The two fluids are contacted ac-
cording to an unconventional, or inverted, counter-cur-
rent configuration, and consequently tubes and
tube-sheet metal temperatures remain moderate.
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Description

Field of the invention

[0001] The present invention refers to a shell-and-tube
heat exchanger, with U-tubes, where the two sets of
straight legs of the exchanging tubes distinctly belong to
two shell-side zones. The two zones are separated by a
longitudinally extended dividing system, substantially flu-
id-tight with respect to the shell-side fluid, and are each
other in fluid communication adjacent to the tube-sheet.
This configuration allows to indirectly contact the tube-
side fluid and the shell-side fluid, for a heat exchange,
according to an unconventional or inverted counter-cur-
rent configuration.
[0002] The heat exchange between two fluids at high
temperature and pressure and characterized by a tem-
peratures cross or proximate inlet and outlet tempera-
tures is often performed by means of a shell-and-tube
heat exchanger where the exchanging tubes are "U"
shaped and the fluids are in counter-current. The U-tubes
are efficient in eliminating stresses due to thermal ex-
pansion, significant at high temperatures; the configura-
tion with counter-current fluids allows to increase the
overall heat exchange efficiency and, when present, to
control the temperatures cross.
[0003] For example, the synthesis gas at high temper-
ature and pressure for the production of hydrogen or am-
monia from hydrocarbons is often cooled with steam or
boiler feed-water whose outlet temperatures sometimes
cross with, or are proximate to, the synthesis gas outlet
temperatures. Such heat exchangers installed in process
plants are usually called gas-gas exchangers, or steam
superheaters, or feed-water preheaters.

Technical problem

[0004] In shell-and-tube heat exchangers with U-
tubes, the path of counter-current fluids is obtained by
means of baffles installed in the shell, which divide the
shell in two or more zones, crossed or not crossed by
the tube-bundle. The baffles divert and convey the shell-
side fluid so that it moves in the opposite sense from the
tube-side fluid. In practice, the baffles make the shell-
side fluid to flow in longitudinal direction first along one
sense, contacting the first leg of the U-tubes, and then
along the opposite sense, contacting the second leg of
the U-tubes.
[0005] Referring to a shell-and-tube heat exchanger
with U-tubes and fluids in conventional counter-current
configuration, one of the ends of the exchanging tubes
adjacent to the tube-sheet is in contact with the tube-side
fluid at the inlet temperature and with the shell-side fluid
at the outlet temperature, while the other end of the ex-
changing tubes adjacent to the tube-sheet is in contact
with the tube-side fluid at the outlet temperature and with
the shell-side fluid at the inlet temperature. According to
this conventional counter-current configuration, the two

fluids reverse the sense of their flows and have interme-
diate temperatures at the U-bends.
[0006] This conventional counter-current configuration
presents a high heat exchange efficiency, or a high av-
erage temperature difference between the two fluids, and
often allows to neutralize the temperature cross. Howev-
er, one of the ends of the exchanging tubes adjacent to
the tube-sheet is exposed to both the highest tube-side
temperature and the highest shell-side temperature. As
a result, a terminal portion of the tube-bundle, and pos-
sibly also a portion of the tube-sheet and cross-baffles,
may work at high metal temperatures. This can force, if
the fluids are at high temperature, to adopt high thick-
nesses and/or more valuable materials; in any case, this
may entail the risk of overheating and/or corrosion. Sim-
ilarly, the other end of the exchanging tubes adjacent to
the tube-sheet is exposed to both the lowest tube-side
temperature and the lowest shell-side temperature. As a
result, a terminal portion of the tube-bundle, and possibly
also a portion of the tube-sheet and cross-baffles, may
work at low metal temperatures. This may entail, if the
fluids are at low temperatures or close to the pour point,
risks of freezing or excessive viscosity.
[0007] On the contrary, referring to a shell-and-tube
heat exchanger with U-tubes and with fluids according
to an unconventional, or inverted, counter-current con-
figuration as described by this invention, one end of the
exchanging tubes adjacent to the tube-sheet is in contact
with the tube-side fluid at inlet temperature and with the
shell-side fluid at an intermediate temperature, while the
other end of the exchanging tubes adjacent to the tube-
sheet is in contact with the tube-side fluid at the outlet
temperature and with the shell-side fluid at said interme-
diate temperature. According to this inverted counter-
current configuration:

- the tube-side fluid and the shell-side fluid reverse
the sense of their flows respectively at the U-bends
and at the tube-sheet,

- the tube-side fluid has an intermediate temperature
at the U-bends, and

- the shell-side fluid has an intermediate temperature
at the tube-sheet.

[0008] This inverted counter-current configuration
presents a heat exchange efficiency, or an average tem-
perature difference between the two fluids, and an effi-
ciency for neutralizing the temperature cross that are low-
er than the conventional counter-current configuration.
However, the inverted counter-current configuration de-
scribed here has the advantage that the fluids do not
cross each other either at their maximum or minimum
temperatures and consequently the exchanging tubes
and the tube-sheet work at more moderate metal tem-
peratures than those generally experienced in a conven-
tional counter-current configuration. This may allow the
use of reduced thicknesses and/or less valuable metal-
lurgy, limit/eliminate the risk of local overheating and cor-
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rosion, or limit/eliminate the risk of freezing, condensa-
tion or excessive viscosity.
[0009] Scope of the present invention, therefore, is to
provide a heat exchanger alternate to existing solutions,
less problematic from a thermo-mechanical and metal-
lurgical standpoint for high temperatures fluids, and less
problematic from a fluid-dynamics standpoint for low tem-
peratures fluids.
[0010] In particular, the present invention provides a
heat exchanger that can be useful for cooling a process
fluid or heat carrier, such as a synthesis gas or a molten
salt or a thermal oil or a slurry, at high temperature and
circulating on shell-side, by means of steam or boiler wa-
ter circulating in tubes, keeping operating temperatures
and thermo-mechanical stresses of metal parts, such as
exchanging tubes and tube-sheet, within moderate val-
ues. Alternatively, the present invention provides a heat
exchanger that can be useful for processing a cryogenic
fluid or a high-viscosity hydrocarbon while maintaining
the metal temperatures of tubes and tube-sheet above
the condensation or pour point.
[0011] Optionally, the heat exchanger object of the
present invention also allows the control of the heat ex-
change performance by means of internal bypass devic-
es.

State of the art

[0012] The patent document No. US3437077, which
represents the closest prior-art document to the present
invention, describes a shell-and-tube heat exchanger,
with U-tubes, designed to generate and superheat steam
circulating on shell-side. The exchanging tubes are ar-
ranged with axial-symmetric configuration and concen-
tric tube-layout. The shell comprises longitudinal and
transversal baffles that surround a portion of the ex-
changing tubes and form a separate passage for the
shell-side fluid. The heat exchanger described in the pat-
ent document No. US3437077 substantially differs from
the heat exchanger object of the present invention be-
cause the patent document No. US3437077 describes:

- a shell-side dividing system surrounding a portion of
the tube-bundle,

- a set of straight legs of the U-tubes running through
both the tube-bundle zones delimited by the dividing
system, and

- two fluids contacted both in counter-current and, for
a large portion of the tube-bundle, in co-current.

[0013] As a result, the heat exchanger described in the
patent document No. US3437077 is not so efficient in
attempering the metal temperatures of structural compo-
nents and is inadequate to contact two fluids that have
proximate or crossing inlet/outlet temperatures.
[0014] The available literature describes several tech-
nological solutions, of shell-and-tube type, apt to perform
the heat exchange between two fluids characterized by

high temperatures, high pressures and proximate or
crossing inlet/outlet temperatures.
[0015] Patent documents No. US2774575 and No.
US5915465 describe shell-and-tube heat exchangers,
with U-tubes arranged with axial-symmetric and concen-
tric tube-layout. These heat exchangers are character-
ized by longitudinal baffles, cylindrical in shape, installed
in the shell.
[0016] Patent document No. EP3169963 describes a
shell-and-tube heat exchanger, with U-tubes and shell-
side longitudinal baffles, where a baffle envelops the en-
tire tube-bundle.
[0017] The patent documents mentioned above No.
US2774575, No. US5915465 and No. EP3169963 are
characterized by the fact that the fluids are contacted in
conventional counter-current configuration.
[0018] Patent document no. EP1610081 describes a
shell-and-tube heat exchanger with U-tubes. The shell
contains two concentric tube-bundles and dividing baf-
fles.
[0019] Patent document no. EP3406999 describes a
shell-and-tube heat exchanger, with U-tubes, where the
shell contains a cylindrical longitudinal baffle connected
to the tube-sheet such that a portion of the exchanging
tubes does not contribute to the heat exchange.
[0020] The patent documents mentioned above No.
EP1610081 and No. EP3406999 are characterized by
the fact that the fluids are contacted according to a con-
figuration both counter-current and co-current.

Brief description of the invention

[0021] The heat exchanger object of the present inven-
tion is of the shell-and-tube type, has substantially cylin-
drical geometry and U-tubes. The tube-layout of the ex-
changing tubes is axial-symmetric and concentric.
[0022] The U-tubes consist of two straight legs where
two ends are hydraulically connected to each other by a
U-bend and the other two ends are connected to the
bores of a tube-sheet. The straight legs form two sets of
legs, related to the two tube-side and shell-side fluid
passes.
[0023] The heat exchanger object of the present inven-
tion comprises a shell-side dividing system, substantially
fluid-tight with respect to the shell-side fluid, which lon-
gitudinally divides the tube-bundle in two exchanging
zones in fluid communication with each other by means
of a passage or opening formed by one end of the dividing
system adjacent to the tube-sheet. The first and the sec-
ond exchanging zone are longitudinally adjacent and
comprise respectively the first set and the second set of
legs of the exchanging tubes.
[0024] The end of the dividing system forming the pas-
sage or opening between the two exchanging zones is
free and preferably open. The dividing system related to
the present invention, therefore, longitudinally divides the
tube-bundle in two zones without surrounding them, con-
trary to what is taught by the aforementioned patent doc-
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ument No. US3437077.
[0025] The dividing system is configured to contact the
fluids according to an inverted counter-current configu-
ration. As described above, the inverted counter-current
configuration requires that the fluids are contacted in pure
counter-current, contrary to what is taught by the cited
patent documents No. US3437077, No. EP1610081 and
No. EP3406999, and foresees that the shell-side fluid,
after the first shell-side pass, reverses the sense of the
longitudinal flow at the tube-sheet, instead of at the U-
bends as contrarily taught by the cited patent documents
No. US2774575, No. US5915465 and No. EP3169963.
[0026] The dividing system consists of a longitudinal
baffle, a transversal baffle and preferably also of a wall,
attached to each other in a substantially fluid-tight man-
ner. The transversal baffle forms a substantially fluid-tight
fastening with at least one of the two sets of legs of the
exchanging tubes.
[0027] Herein, reference is made to substantially fluid-
tight fastenings or joints when the fastening or joint is
configured to avoid the flow of the shell-side fluid or to
make the flow of the shell-side fluid between the compo-
nents attached to each other negligible.
[0028] The substantially fluid-tight fastenings or joints
can be obtained by welding, bolting, interlocking or sim-
ple juxtaposition, with or without interposed gaskets, in-
stalling a crossflow area so small to make the leakage
between two structural parts negligible.
[0029] The longitudinal baffle covered by this invention
is essentially a cylindrical sheet; the transversal baffle
covered by the present invention is essentially a ring-
shaped disc or portion of disc.
[0030] The detailed description of the heat exchanger
object of this invention is accompanied by following fig-
ures:

- Fig. 1, where the longitudinal view of the heat ex-
changer is schematically shown according to a pre-
ferred configuration of the present invention;

- Fig.2, where a cross-sectional view of the heat ex-
changer is schematically shown according to a pre-
ferred configuration of the present invention;

- Fig.3, where the longitudinal view of the heat ex-
changer is schematically shown according to a pre-
ferred configuration of the present invention;

- Fig.4, where the longitudinal view of the heat ex-
changer is schematically shown according to pre-
ferred configuration of the present invention;

- Fig.5, where the longitudinal view of the heat ex-
changer is schematically shown according to a pre-
ferred configuration of the present invention.

Detailed description of the invention

[0031] Fig.1 schematically shows the longitudinal view
of the heat exchanger (1a) according to a preferred con-
figuration of the present invention.
[0032] The heat exchanger (1a) shown in Fig.1 is of

shell-and-tube type, has a substantially cylindrical geom-
etry and comprises U-tubes (3) consisting of a first
straight leg (12) and a second straight leg (13) hydrauli-
cally connected to each other at one end by U-bends (14)
and connected to the other end at the first bores (4b) of
a tube-sheet (4a). The first and second legs (12,13) of
the exchanging tubes (3) form a first and second set of
legs respectively (12,13). The heat exchanger (1a) also
comprises a shell (2) enveloping the tube-bundle and
connected to the tube-sheet (4a), a tube-side distributor
(5) connected to the tube-sheet (4a) on the side opposite
the tube-bundle, first and second tube-side connections
(9,10) placed on the distributor (5) to enter and extract
the tube-side fluid (F2), first and second shell-side con-
nections (7,8) placed on the shell (2) to enter and extract
the shell-side fluid (F1). The distributor (5) is divided in
two distributing zones (25,26), not directly in fluid com-
munication with each other, by means of at least one first
wall (6); the first distributing zone (25) is in fluid commu-
nication with the first tube-side connection (9) and with
the first set of legs (12), the second distributing zone (26)
is in fluid communication with the second tube-side con-
nections (10) and with the second set of legs (13).
[0033] The heat exchanger (1a) of Fig.1 has a sub-
stantially axial-symmetric tube-bundle and a concentric
tube-layout of the exchanging tubes (3). The first set of
legs (12) forms a first ring-shaped tube-layout, inside
which there is a circular area not crossed by the exchang-
ing tubes (3); the second set of legs (13) forms a second
ring-shaped tube-layout surrounding the first tube-layout.
The first and second sets of legs (12,13) are respectively
provided with first and second cross-baffles (21,22). The
cross-baffles (21,22), substantially portions of disc or-
thogonal to the longitudinal axis (11), support the ex-
changing tubes (3) and make tortuous the longitudinal
flow of the shell-side fluid (F1). The legs (12,13) cross
the cross-baffles (21,22).
[0034] The heat exchanger (1a) of Fig.1, on shell-side,
also comprises a first longitudinal baffle (15), a first trans-
versal baffle (16) and a second wall (27). The first longi-
tudinal baffle (15), of substantially cylindrical geometry
and not crossed by the exchanging tubes (3), is concen-
trically installed relative to the shell (2) and placed be-
tween the two sets of legs (12,13), i.e. between the first
and second tube-layout of the exchanging tubes (3), and
longitudinally extends for almost the entire length of the
legs (12,13). The first longitudinal baffle (15) has a first
end (17) facing the tube-sheet (4a) and a second end
(18) facing the U-bends (14) and adjacent to the U-bends.
The first end (17) is free, and preferably open, so as to
form a first passage or opening (42) for the shell-side
fluid (F1) between the first longitudinal baffle (15) and
the tube-sheet (4a). The first end (17) of the first longitu-
dinal baffle (15) is preferably adjacent to the tube-sheet
(4a). The first transversal baffle (16) is orthogonal to the
longitudinal axis (11) and adjacent to the U-bends (14),
and basically is a ring-shaped portion of disc. Essentially,
the first transversal baffle (16) has a shape correspond-
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ing to the second tube-layout of the second set of legs
(13). The first transversal baffle (16), therefore, has an
inner end (33) and an outer end (20), corresponding re-
spectively to the diameter of the inner circle and the di-
ameter of the outer circle of the ring. The inner end (33)
forms a second passage or opening (43) through which
the shell-side fluid (F1) flows. The outer end (20) is radi-
ally spaced from the shell (2) to form an annular passage
or opening for the shell-side fluid (F1). The first transver-
sal baffle (16) is provided with second bores (19) so to
be crossed by the second set of legs (13).
[0035] The first longitudinal baffle (15) is attached to
the first transversal baffle (16) in a substantially fluid-tight
manner. Preferably, the first longitudinal baffle (15) is at-
tached to the first transversal baffle (16) near the second
end (18); preferably, the second end (18) is attached near
the inner end (33) of the first transversal baffle (16). The
first transversal baffle (16), at the second bores (19),
forms a substantially fluid-tight fastening with the second
legs (13). The first transversal baffle (16) forms a terminal
fastening (28) substantially fluid-tight with the shell (2) or
the first shell-side connection (7) via the second wall (27).
More specifically, the first transversal baffle (16) is at-
tached to the second wall (27) in a substantially fluid-tight
manner and the second wall (27) forms the terminal fas-
tening (28) with the shell (2) or with the first shell-side
connection (7). Preferably, the first transversal baffle (16)
is attached to the second wall (27) near the outer end
(20). The second wall (27) is not crossed by the exchang-
ing tubes (3). Consequently, the first longitudinal baffle
(15), the first transversal baffle (16) and the second wall
(27) form a dividing system (41) substantially fluid-tight
with respect to the shell-side fluid (F1). The dividing sys-
tem (41) and the cross-baffles (21,22) are substantially
axial-symmetrical with respect to the longitudinal axis
(11).
[0036] Preferably, the second legs (13) are juxtaposed
to or hydraulically rolled against the second bores (19)
of the first transversal baffle (16).
[0037] The second wall (27) is provided with at least
one expansion element or joint (29) substantially fluid-
tight that allows the tube-bundle to lengthen and the first
baffles (15,16) to move, due to thermal expansion, with-
out excessive mechanical stress. This expansion ele-
ment or joint (29) may be a bellows or a low-friction sliding
joint; in the case of a sliding joint, the hydraulic sealing
is preferably obtained with a gasket interposed to the two
sliding parts.
[0038] According to an alternative preferred configu-
ration, not shown in the figure, the terminal fastening (28)
corresponds to an expansion element or joint (29); pref-
erably, the expansion joint (29) is a sliding joint formed
by the second wall (27) and the shell (2) side by side
each other.
[0039] According to Fig.1, the dividing system (41) lon-
gitudinally divides the tube-bundle in two zones useful
for heat exchange; therefore, the exchanging zones are
longitudinally adjacent and are not surrounded by the

dividing system (41). The first exchanging zone (23), cor-
responding to a first pass of the shell-side fluid (F1), com-
prises the first set of legs (12), while the second exchang-
ing zone (24), corresponding to a second pass of the
shell-side fluid (F1), comprises the second set of legs
(13). The first exchanging zone (23) is in fluid communi-
cation with the first shell-side connection (7) and the sec-
ond exchanging zone (24) is in fluid communication with
the second shell side connections (8); the two exchang-
ing zones (23,24) are in fluid communication with each
other by means of the first passage or opening (42) at
the first end (17) of the first longitudinal baffle (15). The
U-bends (14) are part of the first exchanging zone (23).
[0040] According to Fig. 1, the tube-side fluid (F2) is
introduced into the first distributing zone (25) through the
first tube-side connection (9) and then distributed inside
the tubes of the first set of legs (12), where it flows towards
the U-bends. The tube-side fluid (F2) leaving the second
set of legs (13), where it flows towards the tube-sheet
(4a), is collected in the second distributing zone (26) to
be extracted through the second tube-side connections
(10). The shell-side fluid (F1) is introduced into the shell
(2) through the first shell-side connection (7) in opposite
position with respect to the tube-sheet (4a), is channeled
by the second wall (27) and then enters the first exchang-
ing zone (23) through a second passage or opening (43)
delimited by the inner end (33) of the first transversal
baffle (16). The shell-side fluid (F1) in the first exchanging
zone (23) flows towards the tube-sheet (4a) in counter-
current with the tube-side fluid (F2), crosses the first set
of legs (12), indirectly exchanges heat with the tube-side
fluid (F2), arrives at the first end (17) of the first longitu-
dinal baffle (15) and then, through the first passage or
opening (42), enters the second exchanging zone (24)
by reversing the sense of the flow. The shell-side fluid
(F1) in the second exchanging zone (24) flows towards
the U-bends (14) in counter-current with the tube-side
fluid (F2), crosses the second set of legs (13), indirectly
exchanges heat with the tube-side fluid (F2), arrives at
the annular opening delimited by the outer end (20) of
the first transversal baffle (16) and then flows towards
the second shell-side connections (8) to exit the shell (2).
[0041] Fig.2 shows a cross-sectional view (X-X’) of the
heat exchanger (1a) shown in Fig.1 and, more specifi-
cally, shows the tube-layout of the exchanging tubes (3).
The tube-layout is essentially axial-symmetric and con-
centric. Starting from the center of the shell (2) and pro-
ceeding in a radial direction, there is a central circular
area (37) not crossed by the exchanging tubes (3), an
innermost ring corresponding to the first tube-layout (38)
of the first set of legs (12) surrounding the central circular
area (37), and an outermost ring corresponding to the
second tube-layout (39) of the second set of legs (13)
surrounding the first tube-layout (38). The U-bends (14)
connect the legs (12,13) relative to the two tubelayouts
(38,39). The first longitudinal baffle (15) is concentrically
interposed to the two tubelayouts (38,39); the first tube-
layout (38) and the central circular area (37) relate to the
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first exchanging zone (23), while the second tube-layout
(39) relates to the second exchanging zone (24). Prefer-
ably, the central circular area (37) not crossed by the
exchanging tubes (3) has a diameter between 100mm
and 1000mm.
[0042] Fig.3 schematically shows the longitudinal view
of the heat exchanger (1b) according to a preferred con-
figuration of the present invention.
[0043] The heat exchanger (1b) of Fig.3 is structurally
equivalent to that of Fig.1 except for the presence of a
second longitudinal baffle; in other words, the elements
and construction details, and the relative numbering, of
the heat exchanger (1b) shown in Fig.3 are equivalent
to those of the heat exchanger (1a) shown in Fig. 1, ex-
cept for the second longitudinal baffle. So, for simplicity,
the description of the heat exchanger (1b) of Fig.3 is par-
tially omitted.
[0044] The heat exchanger (1b) of Fig.3 is character-
ized by the presence in the shell (2) of a second longitu-
dinal baffle (30), substantially cylindrical in shape, in-
stalled concentrically with respect to the shell (2) and
interposed to the second set of legs (13) and the shell
(2). The second longitudinal baffle (30) has a third end
(31) substantially fluid-tight connected to the tube-sheet
(4a) and a fourth end (32) facing the U-bends (14) which
is free and, preferably, open. Preferably, the fourth end
(32) is near the U-bends (14) or placed after the U-bends
(14). The second longitudinal baffle (30) forms a convey-
ing zone (40) with the shell (2) not crossed by the ex-
changing tubes (3) and in fluid communication with the
second exchanging zone (24) near the fourth end (32).
The second shell-side connections (8) are positioned
near the tube-sheet (4a).
[0045] According to Fig.3, the shell-side fluid (F1) after
having crossed the second exchanging zone (24), where
it flows from the tube-sheet (4a) towards the U-bends
(14) in counter-current with the tube-side fluid (F2), at
the fourth end (32) enters the conveying zone (40) and
reverses the sense of its flow, flowing towards the tube-
sheet (4a) to exit the shell (2) through the second shell-
side connections (8). The conveying zone (40) has the
function of thermally shielding the shell (2) if the shell-
side fluid (F1) still has a too high temperature at the en-
trance to the second exchanging zone (24).
[0046] Fig.4 schematically shows the longitudinal view
of the heat exchanger (1c) according to a preferred con-
figuration of the present invention.
[0047] The heat exchanger (1c) of Fig.4 is structurally
equivalent to that of Fig.1 except for the position of the
first transversal baffle and the position of the second wall;
in other words, the elements and construction details,
and the relative numbering, of the heat exchanger (1c)
shown in Fig.4 are equivalent to those of the heat ex-
changer (1a) shown in Fig.1, except for the first transver-
sal baffle and for the second wall. So, for simplicity, the
description of the heat exchanger (1c) of Fig.4 is partially
omitted.
[0048] The heat exchanger (1c) of Fig.4 is character-

ized by the fact that the first transversal baffle (16) is
crossed by the first set of legs (12). The first transversal
baffle (16) is orthogonal to the longitudinal axis (11) and
adjacent to the U-bends (14), and basically corresponds
to a ring-shaped portion of disc. Essentially, the first
transversal baffle (16) has a shape corresponding to the
first tube-layout (38) of the first set of legs (12). The first
transversal baffle (16), therefore, has an inner end (33)
and an outer end (20), corresponding respectively to the
diameter of the inner circle and the diameter of the outer
circle of the ring. The inner end (33) forms a second pas-
sage or opening (43) through which the shell-side fluid
(F1) flows. The first transversal baffle (16) is provided
with second bores (19) so to be crossed by the first set
of legs (12).
[0049] The first longitudinal baffle (15) is attached to
the first transversal baffle (16) in a substantially fluid-tight
manner. Preferably, the first longitudinal baffle (15) is at-
tached to the first transversal baffle (16) near the second
extremity (18); preferably, the second end (18) is at-
tached near the outer end (20) of the first transversal
baffle (16). The first transversal baffle (16), near the sec-
ond bores (19), forms a substantially fluid-tight fastening
with the first legs (12). The first transversal baffle (16)
forms a terminal fastening (28) substantially fluid-tight
with the shell (2) or with the first shell-side connection (7)
through the second wall (27). More specifically, the first
transversal baffle (16) is attached to the second wall (27)
in a substantially fluid-tight manner and the second wall
(27) forms the terminal fastening (28) with the shell (2)
or with the first shell-side connection (7). Preferably, the
first transversal baffle (16) is attached to the second wall
(27) near the inner end (33). Consequently, the first lon-
gitudinal baffle (15), the first transversal baffle (16) and
the second wall (27) form a dividing system (41) substan-
tially fluid-tight with respect to the shell-side fluid (F1).
The dividing system (41) and the cross-baffles (21,22)
are substantially axial-symmetric with respect to the lon-
gitudinal axis (11).
[0050] Preferably, the first legs (12) are juxtaposed to
or hydraulically rolled against the second bores (19) of
the first transversal baffle (16).
[0051] According to Fig.4, the dividing system (41) lon-
gitudinally divides the tube-bundle in two zones useful
for heat exchange; therefore, the exchanging zones are
longitudinally adjacent and are not surrounded by the
dividing system (41). The first exchanging zone (23), cor-
responding to a first pass of the shell-side fluid (F1), com-
prises the first set of legs (12), while the second exchang-
ing zone (24), corresponding to a second pass of the
shell-side fluid (F1), comprises the second set of legs
(13). The first exchanging zone (23) is in fluid communi-
cation with the first shell-side connection (7) and the sec-
ond exchanging zone (24) is in fluid communication with
the second shell side connections (8); the two exchang-
ing zones (23,24) are in fluid communication with each
other by means of the first passage or opening (42) at
the first end (17) of the first longitudinal baffle (15). The

9 10 



EP 4 390 289 A1

7

5

10

15

20

25

30

35

40

45

50

55

U-bends (14) are part of the second exchanging zone
(24).
[0052] The heat exchanger (1c) of Fig.4 also compris-
es a bypass duct or opening (34), mounted on the second
wall (27), which directly connects the shell-side fluid (F1)
flowing in the first shell-side connection (7) with the shell-
side fluid (F1) flowing in the second shell-side connec-
tions (8). In other words, the first and second exchanging
zones (23,24) are in fluid communication with each other
also through the bypass duct (34). The bypass duct (34)
is installed in a shell-side mixing area (36) corresponding
to the shell area (2) after the U-bends (14) and opposite
the tube-sheet (4a); in other words, the bypass duct (34)
is installed in an area of the shell (2) relatively distant
from the exchanging tubes (3). The bypass duct (34) is
equipped with a regulating element (35), such as a valve
or plunger, which opens or closes the bypass duct (34).
[0053] According to Fig.4, the shell-side fluid (F1) en-
ters the shell (2) through the first shell-side connection
(7) and is conveyed by the second wall (27) to the first
exchanging zone (23). When the regulating element (35)
opens the bypass duct (34), a fraction of the shell-side
fluid (F1) coming from the first shell-side connection (7)
is conveyed into the bypass duct (34) substantially by-
passing the tube-bundle and thus substantially avoiding
participating in the heat exchange with the tube-side fluid
(F2). The bypassed fraction of the shell-side fluid (F1),
which is at temperature T1, mixes with the fraction of the
shell-side fluid (F1) leaving the second exchanging zone
(24), which is at temperature T2; mixing takes place main-
ly in the shell mixing area (36). The shell-side fluid (F1)
exiting the shell (2), through the second shell-side con-
nections (8), is therefore at a temperature T3, interme-
diate between temperatures T1 and T2. It follows that
the heat exchanger (1c) of Fig.4, by opening and closing
the regulating element (35), i.e. by increasing and de-
creasing the fraction of the bypassed shell-side fluid (F1),
is able to operate with a control of the heat exchange
performance.
[0054] Fig.5 schematically shows the longitudinal view
of the heat exchanger (1d) according to a preferred con-
figuration of the present invention.
[0055] The heat exchanger (1d) of Fig.5 is structurally
equivalent to that of Fig.1 except for the absence of the
second wall; in other words, the elements and construc-
tion details, and the relative numbering, of the heat ex-
changer (1d) shown in Fig.5 are equivalent to those of
the heat exchanger (1a) shown in Fig.1, except for the
second wall. So, for simplicity, the description of the heat
exchanger (1d) of Fig.5 is partially omitted.
[0056] The heat exchanger (1d) of Fig.5 is character-
ized by the fact that the terminal fastening (28) is formed
directly by the first transversal baffle (16) and the shell
(2) and corresponds to an expansion element or joint
(29); preferably, the expansion element or joint (29) is a
low-friction sliding joint between the first transversal baf-
fle (16) and the shell (2), suitably placed side by side
each other. The substantially fluid-tight sliding joint (29)

is preferably obtained by contact between the first trans-
versal baffle (16) and the shell (2) or, preferably, by
means of a gasket interposed between the first transver-
sal baffle (16) and the shell (2) or by any other sealing
device installed at the outer end (20) of the first transver-
sal baffle (16). The expansion element or joint (29) there-
fore corresponds to the substantially fluid-tight terminal
fastening (28) between the first transversal baffle (16)
and the shell (2). Consequently, the first longitudinal baf-
fle (15) and the first transversal baffle (16) form a dividing
system (41) substantially fluid-tight with respect to the
shell-side fluid (F1). The second shell-side connections
(8) are positioned between the tube-sheet (4a) and the
first transversal baffle (16).
[0057] According to Fig.5, the dividing system (41) lon-
gitudinally divides the tube-bundle in two zones useful
for heat exchange; therefore, the exchanging zones are
longitudinally adjacent and are not surrounded by the
dividing system (41). The first exchanging zone (23), cor-
responding to a first pass of shell-side fluid (F1), com-
prises the first set of legs (12), while the second exchang-
ing zone (24), corresponding to a second pass of shell-
side fluid (F1), comprises the second set of legs (13).
The first exchanging zone (23) is in fluid communication
with the first shell-side connection (7) and the second
exchanging zone (24) is in fluid communication with the
second shell-side connections (8); the two exchanging
zones (23,24) are in fluid communication with each other
by means of the first passage or opening (42) at the first
end (17) of the first longitudinal baffle (15). The U-bends
(14) are part of the first exchanging zone (23).
[0058] The heat exchanger of Fig.5 also comprises a
second transversal baffle (44) installed in the shell (2)
adjacent to the tube-sheet (4a) and, specifically, posi-
tioned between the tube-sheet (4a) and the first end (17)
of the first longitudinal baffle (15) so that the shell-side
fluid (F1) can flow between the first longitudinal baffle
(15) and the second transversal baffle (44). In other
words, the first passage or opening (42) is formed be-
tween the first longitudinal baffle (15) and the second
transversal baffle (44). The second transversal baffle
(44), essentially a disc crossed by the first and second
sets of legs (12,13), is orthogonal to the longitudinal axis
(11), has a diameter comparable to or greater than the
external diameter of the second tube-layout (39) and has
the function of forming a stagnation zone (45) between
the tube-sheet (4a) and the second transversal baffle
(44), where the shell-side fluid (F1) is essentially stag-
nant. According to a preferred configuration, this stagna-
tion zone (45) is filled or provided with thermally insulating
material and/or with material with low radiative emissivity.
Preferably, the second transversal baffle (44) is spaced
from the tube-sheet by about 50-100mm. The stagnation
zone (45) allows to thermally shield the tube-sheet (4a)
if the shell-side fluid (F1) at the tube-sheet (4a) still has
a too high temperature.
[0059] According to Fig.5, the shell-side fluid (F1) is
introduced into the shell (2) through the first shell-side
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connection (7) in the opposite position with respect to the
tube-sheet (4a), and enters the first exchanging zone (23)
through the second passage or opening (43) delimited
by the inner end (33) of the first transversal baffle (16).
The shell-side fluid (F1) in the first exchanging zone (23)
flows towards the tube-sheet (4a) in counter-current with
the tube-side fluid (F2), crosses the first set of legs (12),
indirectly exchanges heat with the tube-side fluid (F2),
arrives at the first end (17) of the first longitudinal baffle
(15) and then enters, through the first passage or opening
(42), in the second exchanging zone (24) reversing the
sense of the flow. The shell-side fluid (F1) in the second
exchanging zone (24) flows towards the U-bends (14) in
counter-current with the tube-side fluid (F2), crosses the
second set of legs (13), indirectly exchanges heat with
the tube-side fluid (F2) and then exits from the shell (2)
through the second shell-side connections (8).
[0060] According to an alternative preferred configu-
ration not shown in Fig. 1, Fig.3, Fig.4 and Fig.5, the heat
exchanger (1a,1b,1c,1d) object of the present invention
has the first transversal baffle (16) crossed by all the
straight legs of the exchanging tubes (3). The first trans-
versal baffle (16) is basically a portion of a disc with a
ring shape with an inner end (33) forming the second
passage or opening (43) for the shell-side fluid (F1) and
with an outer end (20), and is provided with second (19)
and third bores so as to be crossed by both the first and
second legs (12,13). According to this alternative config-
uration, the first transversal baffle (16) is substantially
fluid-tight, at the second bores (19), relative to a single
set of legs. In other words, the first transversal baffle (16)
is substantially fluid-tight relative to only one set of legs.
Such sealing between the second bores (19) of the first
transversal baffle (16) and the legs of one of the two sets
can be obtained, for example, by juxtaposing or hydraulic
rolling the legs to the bores or by drilling bores with a
diameter such as to leave a leakage of shell-side fluid
that is negligible.
[0061] According to a preferred configuration not
shown in Fig.1, Fig.3, Fig.4 and Fig.5, the heat exchanger
(1a, 1b, 1c, 1d) object of the present invention comprises
on shell-side a screen for the U-bends (14) so that the
curves are marginally crossed by the shell-side fluid (F1)
and therefore are not subjected to vibrations. In this case,
the U-curves (14) are negligible for heat exchange.
[0062] According to a preferred configuration relating
to the present invention, the longitudinal baffles (15,30)
can be formed by two sheets placed side by side and
forming a small gap in between; in other words, a longi-
tudinal baffle (15,30) covered by the present invention
can have a sandwich configuration. Preferably, the gap
has a radial size of about 4412mm. The gap is in fluid
communication with the shell (2) through openings such
that the circulation of shell-side fluid (F1) in the gap is
marginal during the operation of the heat exchanger (1a,
1b, 1c, 1d); in other words, the shell-side fluid (F1) in the
gap is essentially stagnant. The gap is useful in order to
limit or avoid the heat exchange on shell-side between

adjacent areas of the tube-bundle, and therefore it is use-
ful in order to increase the overall heat exchange effi-
ciency.
[0063] According to an alternative preferred configu-
ration related to the present invention, the first shell-side
connection (7) is positioned on the cylindrical portion of
the shell (2); preferably, the first shell-side connection (7)
is positioned after the U-bends (14) on the cylindrical
portion of the shell (2) and opposite the tube-sheet (4a).
In this case, the heat exchanger (1a, 1b, 1c) shown in
Fig.1, Fig.3 and Fig.4 has a non-axial-symmetric second
wall (27).
[0064] According to Fig.1, Fig.3, Fig.4 and Fig.5, the
heat exchanger (1a, 1b, 1c, 1d) object of the present
invention is configured so that:

- The shell-side fluid (F1) and the tube-side fluid (F2)
indirectly exchange heat flowing in pure counter-cur-
rent;

- The shell-side fluid (F1) executes two passes
through the tube-bundle, corresponding to the two
exchanging zones (23,24);

- The shell-side fluid (F1) reverses the sense of its
flow, after executing a pass on shell-side, adjacent
to the tube-sheet (4a) or in an area of the tube-bundle
longitudinally opposite to the U-bends (14).

[0065] As an expert in the field can understand, the
sense of the shell-side fluid (F1) related to the first and
second shell-side connections (7,8) and the sense of the
tube-side fluid (F2) related to the first and second tube-
side connections (9,10), as shown in Fig.1, Fig.2, Fig.3,
Fig.4 and Fig.5, can be reversed without departing from
the inventive concept of the present invention. In other
words, according to an alternative preferred configura-
tion of the present invention, the shell-side fluid (F1) en-
ters from the second shell-side connections (8) and exits
from the first shell-side connection (7), and the tube-side
fluid (F2) enters from the second tube-side connections
(10) and exits from the first tube-side connection (9). The
fluids (F1,F2) contact each other in pure counter-current,
the shell-side fluid (F2) performs two passes and inverts
the sense of the flow, after passing through a heat ex-
changing zone, adjacently to the tube-sheet (4a).
[0066] In accordance with the above description, the
operating method of the heat exchanger (1a, 1b, 1c, 1d)
covered by the present invention comprises following op-
erations that are not necessarily sequential:

- The introduction of the tube-side fluid (F2) into one
of the sets of legs (12,13) of the exchanging tubes
(3) through first or second tube-side connections
(9,10) and first or second distributing zones (25,26);

- The outflow of tube-side fluid (F2) first in one set and
then in the other set of legs (12,13);

- The extraction of the tube-side fluid (F2) from the
other set of legs (12,13) of the exchanging tubes (3)
through first or second distributing zones (25,26) and
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first or second tube-side connections (9,10);
- The introduction of the shell-side fluid (F1) in an ex-

changing zone (23,24) by means of first or second
shell-side connections (7,8);

- The outflow of the shell-side fluid (F1) first in an ex-
changing zone (23,24) in counter-current with the
tube-side fluid (F2);

- The reversal of the sense of the longitudinal flow on
shell-side (F1) near the tube-sheet (4a) or in an area
longitudinally opposite to the U-bends (14);

- The flow of the shell-side fluid (F1) in the other ex-
changing zone (23,24) in counter-current with the
tube-side fluid (F2);

- The extraction of the shell-side fluid (F1) through first
or second shell-side connections (7,8).

[0067] From the above, the present invention achieves
the scope to provide a heat exchanger (1a, 1b, 1c, 1d)
where an indirect heat exchange is carried out between
two fluids flowing in inverted counter-current configura-
tion and therefore wherein the two counter-current fluids
do not contact either at their highest temperatures or at
their lowest temperatures. The heat exchanger (1a, 1b,
1c, 1d) disclosed here, therefore, is able to operate with
metal temperatures of the exchanging tubes (3) and tube-
sheet (4a) that are more moderate compared to conven-
tional heat exchangers, and therefore is able to mitigate
or eliminate risks of localized overheating and corrosion,
to allow the use of lower thicknesses and/or less expen-
sive metallurgy, or to mitigate or eliminate risks of con-
densing/freezing or fluids flowing with excessive viscos-
ity when operating at low temperatures or close to the
pour point. In addition, the heat exchanger (1a,1b,1c,1d)
disclosed here is also able to operate by performing a
control of the heat exchange performance by means of
the bypass device (34,35) inside the shell.
[0068] The heat exchanger object of the present inven-
tion, as conceived and described, is subjected in any
case to numerous modifications and variants, all attrib-
utable to the same inventive concept. In addition, all de-
tails can be replaced with technically equivalent ele-
ments. In practice, construction materials, shapes and
sizes, can be of any type according to technical require-
ments.
[0069] The scope of protection of this invention is de-
fined by the attached claims.

Claims

1. Heat exchanger (1a,1b,1c,1d) of shell-and-tube
type, with substantially cylindrical geometry and sub-
stantially axial-symmetric tube-bundle relative to the
longitudinal axis (11), apt to an indirect heat ex-
change between a shell-side fluid (F1) and a tube-
side fluid (F2), comprising:

- A tube-sheet (4a) provided with first bores (4b),

- A shell (2) enveloping the tube-bundle,
- A distributor (5) connected to said tube-sheet
(4a) on the opposite side relative to the tube bun-
dle, internally provided with at least a first wall
(6) forming at least a first and at least a second
distributing zone (25,26) not in direct fluid com-
munication each other,
- Exchanging tubes (3) of "U" type having first
and second straight legs (12,13) at one end hy-
draulically connected each other by means of
U-bends (14) and at the other end connected to
said first bores (4b), wherein said first and sec-
ond legs (12,13) respectively form a first and a
second tube-layout (38,39), wherein said sec-
ond tube-layout (39) surrounds said first tube-
layout (38), and wherein said first and second
legs (12,13) are respectively in fluid communi-
cation with said first and second distributing
zone (25,26),
- At least a first and at least a second tube-side
connection (9,10) installed on said distributor (5)
for introducing and extracting said tube-side flu-
id (F2),
- At least a first and at least a second shell-side
connection (7,8) installed on said shell (2) for
introducing and extracting said shell-side fluid
(F1),
- Shell-side first and second cross-baffles
(21,22), respectively crossed by said first and
second legs (12,13), apt to support said ex-
changing tubes (3) and to make tortuous the flow
of said shell-side fluid (F1),
- A shell-side dividing system (41), substantially
fluid-tight relative to said shell-side fluid (F1),
longitudinally extended for at least almost all the
length of said legs (12,13) and longitudinally di-
viding said tube-bundle in a first and in a second
heat exchanging zone (23,24) respectively com-
prising said first and second legs (12,13) and
respectively in fluid communication with said
first and second shell-side connections (7,8),

said heat exchanger (1a, 1b, 1c, 1d) being charac-
terized in that said dividing system (41) has a free
and open end (17) facing said tube-sheet (4a) so to
form a first passageway or opening (42) that puts in
fluid communication said heat exchanging zones
(23,24) and has an opposite end forming a terminal
fastening (28) substantially fluid-tight with said shell
(2) or said first shell-side connection (7).

2. Heat exchanger (1a, 1b, 1c, 1d) according to claim
1, wherein said dividing system (41) comprises:

- A first longitudinal baffle (15) with substantially
cylindrical geometry longitudinally extended for
almost all the length of said legs (12,13), con-
centrically installed relative to said shell (2) and
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in between said first and second legs (12,13),
having a first end (17) corresponding to said free
and open end facing said tube-sheet (4a) and a
second end (18) adjacent to said U-bends (14),
- A first transversal baffle (16) substantially cor-
responding to a ring-shaped portion of disc hav-
ing an outer end (20) and an inner end (33) form-
ing a second passageway or opening (43) for
the shell-side fluid (F1), installed orthogonally
relative to the longitudinal axis (11) and adja-
cently to said U-bends (14), provided with sec-
ond bores (19) which said first and/or second
legs (12,13) pass through,

wherein said first longitudinal and transversal baffles
(15,16) are connected each other in a substantially
fluid-tight manner adjacently to said second end (18),
wherein said first transversal baffle (16) forms with
said first or second legs (12,13) adjacently to said
second bores (19) a null or negligible passageway
of the shell-side fluid (F1), and wherein said first
transversal baffle (16), in a zone radially spaced from
said second end (18), forms said terminal fastening
(28).

3. Heat exchanger (1a, 1b, 1c) according to claim 2,
wherein said dividing system (41) comprises a sec-
ond wall (27), not crossed by said exchanging tubes
(3), connected in a substantially fluid-tight manner
to said first transversal baffle (16) in a zone radially
spaced from said second end (18), and wherein said
terminal fastening (28) is formed by means of said
second wall (27).

4. Heat exchanger (1a,1b,1c,1d) according to claim 2
or 3, wherein said first transversal baffle (16) and
said first or second legs (12,13) are connected each
other by means of juxtaposition or hydraulic expan-
sion of said first or second legs (12,13) against said
second bores (19).

5. Heat exchanger (1a, 1b, 1c, 1d) according to anyone
of claims from 1 to 4, wherein said dividing system
(41) comprises at least an expansion element or joint
(29) substantially fluid-tight apt to allow the thermal
expansions of said dividing system (41) and said ex-
changing tubes (3) reducing the mechanical stress-
es.

6. Heat exchanger (1a,1b,1c,1d) according to claim 5,
wherein said expansion element or joint (29) is in-
stalled on said second wall (27) and/or at said ter-
minal fastening (28).

7. Heat exchanger (1a, 1b, 1c) according to anyone of
claims from 3 to 6, wherein said second wall (27) is
provided with a bypass conduit or opening (34) pro-
vided with a regulating element (35) that opens or

closes said bypass conduit or opening (34) so that
a fraction of said shell-side fluid (F1) introduced in
the shell (2) through said first or second shell-side
connection (7,8) substantially bypasses said heat
exchanging zones (23,24).

8. Heat exchanger (1a,1b,1c,1d) according to anyone
of claims from 1 to 7, comprising on shell-side a sec-
ond longitudinal baffle (30) with substantially cylin-
drical geometry concentrically installed relative to
said shell (2) and in between said second legs (13)
and said shell (2) and having a third end (31) and a
fourth end (32), wherein said second longitudinal
baffle (30) forms with the shell (2) a conveying zone
(40) not crossed by the exchanging tubes (3), and
wherein said conveying zone (40) is in fluid commu-
nication with said second heat exchanging zone (24).

9. Heat exchanger (1a, 1b, 1c, 1d) according to anyone
of claims from 1 to 8, wherein said first and/or second
longitudinal baffle (15,30) is formed by two concen-
tric and juxtaposed sheets forming an annular gap
in between in fluid communication with the shell (2)
so that said shell-side fluid (F1) is substantially stag-
nant within said gap.

10. Heat exchanger (1a,1b,1c,1d) according to anyone
of claims from 1 to 9, comprising a second transver-
sal baffle (44) substantially corresponding to a disc
orthogonal to the longitudinal axis (11) and adjacent
to said tube-sheet (4a), having a diameter equivalent
to or greater than the outer diameter of said second
tube-layout (39) and crossed by said exchanging
tubes (3), wherein said second transversal baffle
(44) and said tube-sheet (4a) delimit a stagnation
zone (45), in fluid communication with the shell (2),
where the shell-side fluid (F1) is substantially stag-
nant.

11. Heat exchanger (1a, 1b, 1c, 1d) according to anyone
of previous claims, wherein said fluids (F1,F2) flow
along said legs (12,13) in pure counter-current con-
figuration.

12. Operating method of a heat exchanger (1a,1b,1c,1d)
configured according to anyone of previous claims,
comprising following operations not necessarily se-
quential:

- The introduction of said tube-side fluid (F2) in
said first or second legs (12,13) through said
first or second tube-side connection (9,10) and
said first or second distributing zone (25,26);
- The outflow of said tube-side fluid (F2) within
said legs (12,13);
- The extraction of said tube-side fluid (F2) from
said first or second legs (12,13) through said
first or second distributing zone (25,26) and said
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first or second tube-side connection (9,10);
- The introduction of said shell-side fluid (F1) in
said first or second heat exchanging zone
(23,24) through said first or second shell-side
connection (7,8);
- The outflow towards the tube-sheet (4a) of said
shell-side fluid (F1) in one of said heat exchang-
ing zones (23,24) in counter-current with said
tube-side fluid (F2) and the subsequent indirect
heat exchange between said fluids (F1,F2);
- The inversion of the longitudinal flow sense of
said shell-side fluid (F1) at said free and open
first end (17) facing the tube-sheet (4a);
- The outflow towards the U-bends (14) of said
shell-side fluid (F1) in the next heat exchanging
zone (23,24) in counter-current with said tube-
side fluid (F2) and the subsequent indirect heat
exchange between said fluids (F1,F2);
- The extraction of said shell-side fluid (F1)
through said first or second shell-side connec-
tion (7,8).

13. Operating method of a heat exchanger (1a, 1b, 1c,
1d) according to claim 12, wherein said shell-side
fluid (F1) introduced through said first or second
shell-side connection (7,8) is bypassed towards said
second or first shell-side connection (7,8) without
substantially flowing through said heat exchanging
zones (23,24).
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