
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
39

0 
29

5
A

1
*EP004390295A1*

(11) EP 4 390 295 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
26.06.2024 Bulletin 2024/26

(21) Application number: 23020451.3

(22) Date of filing: 29.09.2023

(51) International Patent Classification (IPC):
F28F 13/06 (2006.01) F28F 19/00 (2006.01)

F28D 7/16 (2006.01) F28F 9/22 (2006.01)

(52) Cooperative Patent Classification (CPC): 
F28D 7/16; F28D 7/1607; F28F 2009/224; 
F28F 2009/226 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 21.12.2022 IT 202200026160

(71) Applicant: Manenti, Giovanni
24064 Grumello del Monte (BG) (IT)

(72) Inventor: Manenti, Giovanni
24064 Grumello del Monte (BG) (IT)

(74) Representative: Contessini, Pier Carlo
Via dei Canzi, 22/1
20134 Milano (IT)

(54) HEAT EXCHANGER WITH LONGITUDINAL BAFFLE AND DUAL OPERATING METHOD 
THEREOF

(57) Shell-and-tube heat exchanger with substantial-
ly cylindrical geometry and straight exchanging tubes,
apt to indirectly exchange heat between a shell-side fluid
and a tube-side fluid contacted in pure counter-current
and with a number of shell-side passes larger than the
number of tube-side passes.

The heat exchanger comprises shell-side longitudi-
nal baffles, plane or cylindrical in shape, having one end

open and free longitudinally opposite and delimiting dif-
ferent shell-side zones crossed and not crossed by the
tube-bundle.

Heat exchanger configured to operate in dual mode
and, in particular, as a boiler when the shell-side fluid
mainly exchanges latent heat and as a heater or cooler
when the shell-side fluid mainly exchanges sensible heat.
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Description

Field of invention

[0001] The present invention refers to a shell-and-tube
heat exchanger, substantially with cylindrical geometry.
More specifically, the present invention refers to a heat
exchanger with straight exchanging tubes and two tube-
sheets.
[0002] The heat exchanger object of the present inven-
tion realizes an indirect and counter-current heat ex-
change between the tube-side fluid and the shell-side
fluid, and is characterized by a number of shell-side pass-
es higher than the number of tube-side passes.

Technical problem to be solved

[0003] With reference to the shell-and-tube heat ex-
changers, in general:

- straight exchanging tubes are used when there are
significant fouling coefficients on the tube-side such
as to require mechanical cleaning of the exchanging
tubes;

- a single tube-side pass, with straight tubes, is pre-
ferred when the tube-side fluid has limited allowable
pressure drops and/or when it has two-phase con-
ditions;

- a multi-pass shell-side configuration is preferred
when the shell-side fluid velocity has to be increased
and when allowable shell-side pressure drops are
generous;

- a counter-current configuration is preferred because
the heat exchange efficiency is higher and because,
if the temperatures of the two fluids present a cross,
the temperatures cross can be controlled.

[0004] Heat exchangers for treating heavy hydrocar-
bons to produce gasoline, sulfur condensers installed in
Claus plants and transfer-line heat exchangers installed
on hydrocarbons cracking furnaces for ethylene produc-
tion are examples of heat exchangers where the tube-
side process fluid is fouled and presents a possible two-
phase regime, and where inlet and outlet temperatures
on shell-side are comparable to those on tube-side (pos-
sible temperatures cross).
[0005] Another application that usually requires
straight tubes, single tube-side pass and possibly several
shell-side passes is represented by vertical tubular
chemical reactors with catalyst loaded into the tubes.
[0006] The design of a shell-and-tube heat exchanger
where following features coexist:

- Straight tubes,
- Single pass on tube-side,
- Multi-pass on shell-side,
- Pure counter-current heat exchange,

is problematic as it requires an unconventional configu-
ration.
[0007] Thus, a purpose of the present invention is to
provide a new heat exchanger configuration that simul-
taneously exhibits the mentioned features.
[0008] Another purpose of the present invention is to
provide a heat exchanger, along with its operating meth-
od, able to work in dual mode and, specifically, as a boiler
and as a boiler feedwater preheater. Such a heat ex-
changer can be installed on hydrocarbons cracking fur-
naces (ethylene production).

Background

[0009] In the literature there are numerous solutions
for shell-and-tube heat exchangers with straight tubes
and multi-pass on shell-side.
[0010] The patent document No. CN202692763, which
represents the prior-art document closest to the present
invention, describes a shell-and-tube heat exchanger
with straight tubes, two tube-sheets and longitudinal baf-
fles designed to flow the shell-side fluid according to sev-
eral passes across the shell. In other words, the longitu-
dinal baffles separate the shell into several zones. The
patent document No. CN202692763 clearly describes
that:

- the longitudinal baffles completely extend from tube-
sheet to tube-sheet or from tube-sheet to transversal
baffle and are provided with openings to connect ad-
jacent shell-side zones;

- The shell-side zones are all crossed by the exchang-
ing tubes.

[0011] The exchanger disclosed by patent document
No. CN202692763, therefore, presents a couple of crit-
ical technical characteristics:

1) Since longitudinal baffles have both their ends
connected to the tube-sheets or transversal baffles,
potential problems about hydraulic sealing and ther-
mal expansion can arise, as well as difficulties in
manufacturing the tube-bundle;
2) Since all the shell-side zones are crossed by the
tubes, it is not possible to carry out a pure counter-
current heat exchange if the number of tube-side
passes is different from the number of shell-side
passes.

[0012] To remove the potential problems of the men-
tioned prior-art heat exchanger, the present invention
therefore intends to provide a heat exchanger where the
longitudinal baffles have a constrained end and a free
end, and where at least one shell-side zone delimited by
the longitudinal baffles is not crossed by the tube-bundle.
The present invention also intends to provide a heat ex-
changer where the longitudinal baffles are cylindrical,
forming an annular shell-side zone not crossed by the
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tube-bundle.
[0013] The patent document No. US2017/205147A1
describes another possible configuration of heat ex-
changer with straight tubes and shell-side longitudinal
baffles.

Brief description of the invention

[0014] The heat exchanger object of the present inven-
tion, of shell-and-tube type with straight exchanging
tubes and two tube-sheets, is configured to achieve an
indirect heat exchange between the tube-side fluid and
the shell-side fluid as follows:

- by a counter-current configuration;
- by a number of shell-side passes greater than the

number of tube-side passes.

[0015] More specifically, the heat exchanger object of
the present invention is configured to achieve an indirect
heat exchange between the tube-side fluid and the shell-
side fluid as follows:

- with fluids contacted only in pure counter-current;
- by a single pass on tube-side;
- by several passes on shell- side.

[0016] To execute the required heat exchange, the
heat exchanger comprises at least a pair of longitudinal
baffles installed in the shell delimiting at least one shell-
side zone not crossed by the tube-bundle.
[0017] The longitudinal baffles covered by this inven-
tion may correspond to sheets of plane or cylindrical
shape; In the first case, the tube-layout basically corre-
sponds to circular segments, whereas in the second case
the tube-layout presents a central circular zone and an
outer crown, i.e. a substantially axial-symmetric tube-lay-
out.
[0018] The longitudinal baffles object of the present
invention have one end connected to a tube-sheet and
the other end free and open to allow the passage of the
shell-side fluid. The free end also has the important func-
tion to:

- ease the construction of the tube-bundle;
- eliminate constraints related to thermal expansion

of baffles;
- eliminate any problems related to the hydraulic seal

of the baffles on the tube-sheet.

[0019] In the case of longitudinal baffles with cylindrical
geometry, the heat exchanger object of the present in-
vention offers superior thermo-mechanical performance
as the axial-symmetrical tube-layout of the exchanging
tubes allows eliminating the shear stresses in the tube-
sheet due to temperature differences that arise in the
tube-sheet.
[0020] The present invention also discloses a heat ex-

changer configuration that can be used in dual mode, i.
e. in a first mode according to which the shell-side fluid
mainly exchanges sensible heat and in a second mode
according to which the shell-side fluid mainly exchanges
latent heat. The heat exchanger object of the present
invention works according to the first mode as a heater
or cooler of the shell-side fluid, and according to the sec-
ond mode as a boiler or vaporizer of the shell-side fluid.
[0021] More specifically, the present invention disclos-
es a transfer-line heat exchanger installed on hydrocar-
bons cracking furnaces for the production of ethylene
capable of working in dual mode, i.e. as a boiler feedwater
preheater with forced circulation on shell-side and as a
boiler with natural or assisted circulation on shell-side.
The heat exchanger operating according to a dual mode
can also be used as a process gas boiler/cooler installed
downstream of chemical reactors.
[0022] The present invention, therefore, also describes
the operating method for operating the heat exchanger
disclosed here according to a dual mode.
[0023] For the detailed description of the heat ex-
changer object of this invention, following figures are re-
ported:

- Fig. 1, where the longitudinal and lateral view of the
heat exchanger with cylindrical longitudinal baffles
is schematically shown according to a preferred con-
figuration of the present invention;

- Fig.2, where a cross-sectional view of the heat ex-
changer with longitudinal cylindrical baffles is sche-
matically shown according to a preferred configura-
tion of the present invention;

- Fig.3, where the longitudinal and lateral view of the
heat exchanger with plane longitudinal baffles is
schematically shown according to a preferred con-
figuration of the present invention;

- Fig.4, where the cross-sectional view of the heat ex-
changer with plane longitudinal baffles is schemati-
cally shown according to a preferred configuration
of the present invention;

- Fig.5, where the longitudinal and top view of the heat
exchanger with plane longitudinal baffles is sche-
matically shown according to a preferred configura-
tion of the present invention;

- Fig.6, where the cross-sectional view of the heat ex-
changer with plane longitudinal baffles is schemati-
cally shown according to a preferred configuration
of the present invention.

Detailed description of the invention

[0024] Fig.1 schematically shows the longitudinal and
lateral view of the heat exchanger (1a) according to a
preferred configuration of the present invention.
[0025] The heat exchanger (1a) shown in Fig.1 has a
substantially cylindrical geometry and is of shell-and-
tube type. The heat exchanger (1a) comprises straight
exchanging tubes (3), extended along the longitudinal
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axis (12) of the heat exchanger (1a), with ends connected
to bores of a first and a second tube-sheet (4,5). The
heat exchanger (1a) also comprises a shell (2) envelop-
ing the tube-bundle and connected to the two tube-sheets
(4,5), a first tube-side distributor (6) connected to the first
tube-sheet (4) on the side opposite the tube-bundle, a
second tube-side distributor (7) connected to the second
tube-sheet (5) on the side opposite the tube-bundle, tube-
side inlet and outlet connections (10,11) installed respec-
tively on the first and second distributor (6,7), shell-side
inlet and outlet connections (8,9) installed on the shell
(2) near the second (5) and the first (4) tube-sheet re-
spectively. The distributors (6,7) and the heat exchanging
tubes (3) are each other in fluid communication.
[0026] The heat exchanger (1a) of Fig.1 also compris-
es two longitudinal baffles (13,14), of substantially cylin-
drical geometry, installed in the shell (2). The cylindrical
longitudinal baffles (13,14) extend along the longitudinal
axis (12) of the heat exchanger (1a); preferably, the cy-
lindrical longitudinal baffles (13,14) extend almost the en-
tire length of the exchanging tubes (3). The cylindrical
longitudinal baffles (13,14) are arranged concentrically
relative to each other and the shell (2). The first cylindrical
longitudinal baffle (13) is innermost, has the first end (15)
connected to the second tube-sheet (5) and the second
end (16) open and free, i.e. not connected to the first
tube-sheet (4). The second cylindrical longitudinal baffle
(14) is outermost, having the first end (17) connected to
the first tube-sheet (4) and the second end (18) open and
free, i.e. not connected to the second tube-sheet (5). In
other words, the cylindrical longitudinal baffles (13,14)
are installed in the shell (2) in such a way that adjacent
baffles have the open and free ends longitudinally oppo-
site. The longitudinal cylindrical baffles (13,14) delimit
the shell (2) in three substantially concentric zones
(19,20,21) and, specifically, in a first heat exchanging
zone (19) delimited by the first longitudinal baffle (13)
and crossed by a first portion of the tube-bundle, in a
conveying zone (20) essentially annular in shape and
delimited by the two longitudinal cylindrical baffles
(13,14) and not crossed by the tube-bundle, and in a
second heat exchanging zone (21) delimited by the sec-
ond longitudinal baffle (14) and the shell (2) and crossed
by a second portion of the tube-bundle. In the first and
second heat exchanging zones (19,21) diaphragms or
transversal baffles are installed (22,23) to realize a tor-
tuous shell-side flow path and to support the exchanging
tubes (3); preferably, the transversal baffles (22,23) are
of disc-doughnut type. The first heat exchanging zone
(19) is in fluid communication with the inlet shell-side con-
nection (8) and with the conveying zone (20) at the open
and free end (16) of the first cylindrical longitudinal baffle
(13). In other words, the first heat exchanging zone (19)
and the conveying zone (20) are in fluid communication
because the first cylindrical longitudinal baffle (13) is de-
tached from the first tube-sheet (4). The second heat
exchanging zone (21) communicates with the outlet
shell-side connection (9) and with the conveying zone

(20) at the open and free end (18) of the second cylindrical
longitudinal baffle (14). In other words, the second heat
exchanging zone (21) and the conveying zone (20) are
in fluid communication because the second cylindrical
longitudinal baffle (14) is detached from the second tube-
sheet (5). The first and second cylindrical longitudinal
baffle (13,14) are connected respectively to the second
and first tube-sheet (4,5) in a substantially tight manner.
[0027] According to Fig.1, the shell-side fluid (F1) is
introduced into the first heat exchanging zone (19), near
the second tube-sheet (5), through the inlet shell-side
connection (8). The shell-side fluid (F1) flows towards
the first tube-sheet (4) through the first heat exchanging
zone (19) indirectly exchanging heat with the tube-side
fluid (F2), arrives at the open and free end (16) of the
first cylindrical longitudinal baffle (13) and enters the con-
veying zone (20). The shell-side fluid (F1) flows towards
the second tube-sheet (5) through the conveying zone
(20) without exchanging heat with the tube-side fluid (F2),
arrives at the open and free end (18) of the second cy-
lindrical longitudinal baffle (14) and enters the second
heat exchanging zone (21) and flows towards the first
tube-sheet (4) through the second heat exchanging zone
(21) indirectly exchanging heat with the tube-side fluid
(F2). The shell-side fluid (F1) is extracted from the second
heat exchanging zone (21), near the first tube-sheet (4),
by means of the shell-side outlet connection (9). The
tube-side fluid (F2) is fed into the heat exchanger (1a)
via the inlet tube-side connection (10) and is extracted
from the heat exchanger (1a) via the outlet tube-side con-
nection (11). The tube-side fluid (F2) is distributed in the
exchanging tubes (3) through the first distributor (6),
flows from the first tube-sheet (4) to the second tube-
sheet (5) inside the exchanging tubes (3) indirectly ex-
changing heat with the shell-side fluid (F1), and is col-
lected from the exchanging tubes (3) through the second
distributor (7).
[0028] Fig.2 shows the sectional view (X-X’) of the heat
exchanger (1a) shown in Fig.1. Basically, the tube-layout
of the exchanging tubes (3) is axial-symmetrical. The
central circular zone of the tube-bundle corresponds to
the first heat exchanging zone (19) and is surrounded by
an annular space without exchanging tubes (3) corre-
sponding to the conveying zone (20), while the peripheral
zone of the tube-bundle, comparable to a circular crown,
corresponds to the second heat exchanging zone (21).
The inlet shell-side connection (8) is provided with an
internal duct (35) joining the connection to the first cylin-
drical longitudinal baffle (13). Preferably, the internal duct
(35) does not intersect the second cylindrical longitudinal
baffle (14); in other words, the second cylindrical longi-
tudinal baffle (14) has the open and free second end (18)
shaped or positioned at a distance from the second tube-
sheet (5) in such a way that it is not intersected by the
internal duct (35).
[0029] According to Fig. 1 and Fig.2, the heat exchang-
er (1a) object of the present invention is characterized
by the fact that:
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- the shell-side fluid (F1) performs three passes
(19,20,21), where the pass relating to the conveying
zone (20) takes place without heat exchange with
the tube-side fluid (F2);

- The tube-side fluid (F2) makes one pass;
- The shell-side fluid (F1) and the tube-side fluid (F2)

are indirectly contacted according to a pure counter-
current configuration.

[0030] Fig.3 schematically shows the longitudinal and
lateral view of the heat exchanger (1b) according to a
preferred configuration of the present invention.
[0031] The heat exchanger (1b) of Fig.3 is structurally
equivalent to that of Fig. 1 except for the longitudinal baf-
fles, the tube-layout and the transversal baffles of the
tube-bundle; in other words, the elements and construc-
tion details, and their numbering, of the heat exchanger
(1b) shown in Fig.3 are equivalent to those of the heat
exchanger (1a) shown in Fig. 1, except for longitudinal
baffles, tube-layout and transversal baffles. Therefore,
for convenience, the description of the heat exchanger
(1b) of Fig.3 is partially omitted.
[0032] The heat exchanger (1b) of Fig.3 comprises two
pairs of longitudinal baffles (24a,25a,24b,25b), of sub-
stantially plane geometry, installed in the shell (2). The
plane longitudinal baffles (24a,25a,24b,25b) extend
along the longitudinal axis (12) of the heat exchanger
(1b); preferably, the plane longitudinal baffles
(24a,25a,24b,25B) extend almost the entire length of the
exchanging tubes (3). The plane longitudinal baffles
(24a,25a,24b,25b) are arranged parallel to each other.
The first and third plane longitudinal baffle (24a,24b)
have the first end (26) connected to the second tube-
sheet (5) and the second end (27) free and open. The
second and fourth plane longitudinal baffle (25a,25b)
have the first end (28) connected to the first tube-sheet
(4) and the second end (29) free and open. The plane
longitudinal baffles (24a,25a,24b,25b) are installed in the
shell (2) so that the adjacent baffles have the free ends
longitudinally opposite. The plane longitudinal baffles
(24a,25a,24b,25b) delimit the shell (2) into five zones
(30,31,32,33,34) adjacent to each other and, specifically,
in a first, a second and a third heat exchanging zone
(30,32,34) and in a first and a second conveying zone
(31,33). The heat exchanging zones (30,32,34) and the
conveying zones (31,33) alternate so that two adjacent
heat exchanging zones (30,32,34) are separated from
each other by a conveying zone (31,33). The three_heat
exchanging zones (30,32,34) are crossed by portions of
the tube-bundle and therefore are place of heat exchange
between the shell-side fluid (F1) and the tube-side fluid
(F2), whereas the conveying zones (31,33) are not
crossed by the exchanging tubes (3) and therefore are
not place of heat exchange. In the three heat exchanging
zones (30,32,34) diaphragms or transverse baffles
(38)_are installed to make tortuous the shell-side flow
and to support the exchanging tubes (3). Preferably, the
transversal baffles (38) are of single- or double-segment

type.
[0033] As shown in Fig. 3, the first heat exchanging
zone (30) is in fluid communication with the inlet shell-
side connection (8), located near the second tube-sheet
(5), and with the first conveying zone (31) at the free end
(27) of the first plane longitudinal baffle (24a). The second
heat exchanging zone (32) is in fluid communication with
the first conveying zone (31) at the free end (29) of the
second plane longitudinal baffle (25a) and with the sec-
ond conveying zone (33) at the free end (27) of the third
plane longitudinal baffle (24b). The third heat exchanging
zone (34) is in fluid communication with the outlet shell-
side connection (9), located near the first tube-sheet (4),
and with the second conveying zone (33) at the free end
(29) of the fourth plane longitudinal baffle (25b). In other
words, the heat exchanging zones (30,32,34) are in com-
munication with the conveying zones (31,33) as the plane
longitudinal baffles (24a,25a,24b,25b) have a free and
open end (27,29) detached from the tube-sheets (4,5).
[0034] According to Fig.3, the shell-side fluid (F1) is
introduced into the first heat exchanging zone (30), near
the second tube-sheet (5), through the inlet shell-side
connection (8). The shell-side fluid (F1) flows towards
the first tube-sheet (4) through the first heat exchanging
zone (30) indirectly exchanging heat with the tube-side
fluid (F2), reaches the free end (27) of the first plane
longitudinal baffle (24a) and enters the first conveying
zone (31). The shell-side fluid (F1) flows towards the sec-
ond tube-sheet (5) through the first conveying zone (31)
without exchanging heat with the tube-side fluid (F2), ar-
rives at the free end (29) of the second plane longitudinal
baffle (25a) and enters the second heat exchanging zone
(32). The shell-side fluid (F1) flows towards the first tube-
sheet (4) through the second heat exchanging zone (32)
indirectly exchanging heat with the tube-side fluid (F2),
reaches the free end (27) of the third plane longitudinal
baffle (24b) and enters the second conveying zone (33).
The shell-side fluid (F1) flows towards the second tube-
sheet (5) through the second conveying zone (33) without
exchanging heat with the tube-side fluid (F2), arrives at
the free end (29) of the fourth plane longitudinal baffle
(25b) and enters the third heat exchanging zone (34).
The shell-side fluid (F1) flows towards the first tube-sheet
(4) through the third heat exchanging zone (34) indirectly
exchanging heat with the tube-side fluid (F2) and exits
the third heat exchanging zone (34), near the first tube-
sheet (4), through the shell-side outlet connection (9).
The tube-side fluid (F2) is fed into the heat exchanger
(1b) through the tube-side inlet connection (10) installed
on the first distributor (6) and is extracted from the heat
exchanger (1b) through the tube-side outlet connection
(11) installed on the second distributor (7). The tube-side
fluid (F2) is distributed in the exchanging tubes (3)
through the first distributor (6), flows from the first tube-
sheet (4) to the second tube-sheet (5) inside the exchang-
ing tubes (3) indirectly exchanging heat with the shell-
side fluid (F1), and is collected from the exchanging tubes
(3) through the second distributor (7).
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[0035] Fig.4 shows the sectional view (Y-Y’) of the heat
exchanger (1b) shown in Fig.3. Basically, the tube-layout
of the exchanging tubes (3) is divided into three circular
segments, corresponding to the three heat exchanging
zones (30,32,34), separated by the two conveying zones
(31,33). The two conveying zones (31,33) are delimited
by the plane longitudinal baffles (24a,25a,24b,25b).
[0036] According to Fig.3 and Fig.4, the heat exchang-
er (1b) object of the present invention is characterized
by the fact that:

- the shell-side fluid (F1) performs five passes
(30,31,32,33,34), where those relating to the con-
veying zones (31,33) take place without heat ex-
change with the tube-side fluid (F2);

- The tube-side fluid (F2) performs only one pass;
- The shell-side fluid (F1) and the tube-side fluid (F2)

are indirectly contacted according to a pure counter-
current configuration.

[0037] Fig.5 schematically shows the longitudinal and
top view of the heat exchanger (1c) according to a pre-
ferred configuration of the present invention.
[0038] The heat exchanger (1c) of Fig.5 is structurally
equivalent to that of Fig.3 except for the shell-side inlet
and outlet connections; in other words, the elements and
construction details, and the relative numbering, of the
heat exchanger (1c) shown in Fig.5 are equivalent to
those of the heat exchanger (1b) shown in Fig.3, except
for the shell-side connections. So, for convenience, the
description of the heat exchanger (1c) of Fig.5 is partially
omitted.
[0039] The heat exchanger (1c) shown in Fig.5 has the
longitudinal axis (12) parallel or quasi- parallel to the
ground and the plane longitudinal baffles
(24a,25a,24b,25b) installed in a vertical position, i.e. or-
thogonal to the ground. The heat exchanger (1c) com-
prises a first inlet shell-side connection (8a) positioned
near the second tube-sheet (5) and in fluid communica-
tion with the first heat exchanging zone (30) and three
second inlet shell-side connections (8b) each in fluid
communication with one of the heat exchanging zones
(30, 32,34); The heat exchanger (1c) comprises a first
outlet shell-side connection (9a) positioned near the first
tube-sheet (4) and in fluid communication with the third
heat exchanging zone (34) and three second shell-side
outlet connections (9b) each in fluid communication with
one of the heat exchanging zones (30, 32,34). The first
and the second shell-side inlet connections (8a,8b) are
shown with dashed lines in Fig.5 as they are positioned
on the lower part of the shell (2), whereas the first and
the second shell-side outlet connections (9a,9b) are po-
sitioned on the upper part of the shell (2). According to
another preferred configuration, the heat exchanger (1c)
is equipped with additional second shell-side inlet con-
nections (8b) installed on the lower part of the shell (2);
according to another preferred configuration, the heat
exchanger (1c) is equipped with additional second shell-

side outlet connections (9b) installed on the upper part
of the shell (2). According to another preferred configu-
ration, at least a portion of the second shell-side outlet
connections (9b) are positioned near the first tube-sheet
(4) or near the tube-side fluid inlet distributor (F2).
[0040] Fig.6 shows the sectional view (Z-Z’) of the heat
exchanger (1c) shown in Fig.5. Basically, the tube-layout
of the exchanging tubes (3) is divided into three circular
segments, corresponding to the three heat exchanging
zones (30,32,34), separated by the two conveying zones
(31,33). The two conveying zones (31,33) are delimited
by the plane longitudinal baffles (24a,25a,24b,25b), po-
sitioned orthogonally to the ground (36).
[0041] The heat exchanger (1c) shown in Fig.5 and
Fig.6 object of this invention is configured to operate in
dual mode:

- As a boiler, with the shell-side fluid (F1) that vapor-
izes or exchanges mainly latent heat, and that circu-
lates in the heat exchanger (1c) according to natural
or assisted circulation;

- As a heater or cooler, with the shell-side fluid (F1)
which is heated or cooled, or which is mainly ex-
changing sensible heat, and circulating in the heat
exchanger (1c) according to forced convection.

[0042] When the heat exchanger (1c) of Fig.5 operates
as a heater or cooler, the operating method essentially
corresponds to that described for the heat exchanger (1b)
of Fig.3. Some inlet and outlet shell-side connections of
the heat exchanger (1c) of Fig.5 are open and the other
connections are closed by devices, such as valves, not
shown in the figure. More specifically, the first inlet shell-
side connection (8a), close to the second tube-sheet (5)
and in fluid communication with the first heat exchanging
zone, (30) and the first shell-side outlet connection (9a),
close to the first tube-sheet (4) and in fluid communication
with the third heat exchanging zone (34), are open; con-
trarily, the second shell-side inlet and outletconnections
(8b,9b) are closed. Therefore, according to the operating
method related to Fig.3, the shell-side fluid (F1) is intro-
duced into the first heat exchanging zone (30) through
the first inlet shell-side connection (8a), flows through the
three heat exchanging zones (30,32,34) mainly exchang-
ing sensible heat with the tube-side fluid (F2) and the two
conveyng zones (31, 33) without exchanging heat with
the tube-side fluid (F2), and is extracted from the third
heat exchanging zone (34) by the first outlet shell-side
connection (9a). When the heat exchanger (1c) is oper-
ated in heating or cooling mode, the two fluids (F1,F2)
are contacted in pure counter-current, the tube-side fluid
(F2) has one pass and the shell-side fluid (F1) has five
passes, two of them without heat exchange.
[0043] When the heat exchanger (1c) of Fig.5 operates
as a boiler, the second inlet and outlet shell-side connec-
tions(8b,9b) are open; the first inlet shell-side connection
(8a), close to the second tube-sheet (5) and in fluid com-
munication with the first heat exchanging zone (30),
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and/or the first shell-side outlet connection (9a), close to
the first tube-sheet (4) and in fluid communication with
the third heat exchanging zone (34), can be closed or
opened. According to a preferred configuration, the first
shell-side inlet and outlet connections (8a,9a) are closed.
The shell-side fluid (F1), essentially in liquid phase, is
introduced into the shell (2) through the second inlet shell-
side connections (8b) or through the second inlet shell-
side connections (8b) and the first inlet shell-side con-
nection (8a). In the lower part of the shell (2), the shell-
side fluid (F1) moves mainly in the longitudinal direction
to be distributed in the heat exchanging zones (30,32,34)
and in the conveying zones (31,33). Subsequently, in the
heat exchanging zones (30,32,34), the shell-side fluid
(F1) moves mainly upwards by crossing the exchanging
tubes (3) and vaporizing. In the upper part of the shell
(2), the shell-side fluid (F1), in liquid and vapor phase,
moves mainly in the longitudinal direction to collect and
exit the shell (2). The shell-side fluid (F 1), in liquid and
vapor phase, exits the shell (2) by means of the second
shell-side outlet connections (9b) or by the second shell-
side outlet connections (9b) and the first shell-side outlet
connection (9a). The shell-side fluid (F1) circulates in the
shell (2) preferably according to natural or assisted cir-
culation, and therefore the flow of the shell-side fluid is
globally ascending. The second inlet and outlet shell-side
connections (8b,9b) are installed respectively in the lower
and upper part of the shell (2) to facilitate the upward flow
and the vapor release. When the heat exchanger (1c) is
operated in boiler mode, the two fluids (F1,F2) are con-
tacted substantially in cross-flow, i.e. the tube-side fluid
(F2) has one pass from tube-sheet to tube-sheet and the
shell-side fluid (F 1) basically has a pass from bottom to
top.
[0044] According to a preferred configuration related
to Fig.5 and Fig.6, the transversal baffles (38) have open-
ings (not shown in the figure) at the lower and upper part
of the heat exchanging zones (30,32,34) to ease respec-
tively the distribution of the shell-side fluid (F1) in liquid
phase in the lower part and the collection of the shell-
side fluid (F1) in liquid and vapor phase in the upper part.
[0045] According to a preferred configuration related
to Fig.5 and Fig.6, the conveying zones (31,33) are pro-
vided with vents (not shown in the figures) on the upper
part of the shell to remove possible vapor fractions.
[0046] The heat exchanger (1c) related to Fig.5 and
Fig.6 can be used as an transfer-line heat exchanger for
hydrocarbons cracking furnaces, for the production of
ethylene, and in particular can be used as a transfer-line
heat exchanger (1c) operating in dual mode. High-tem-
perature cracked gas is flowed on tube-side and needs
to be cooled. On shell-side, high-pressure boiling water
is flowed. The shell-side of the transfer-line heat ex-
changer (1c) is hydraulically connected, by piping, to an
elevated steam drum (not shown in the figures); more
specifically, the first and the second inlet and outlet shell-
side connections (8a,9a,8b,9b), or a portion of them, are
connected to the steam drum by means of piping. The

piping are preferably equipped with valves to close or
open the boiler water (F1) passage according to the op-
erating mode of the transfer-line heat exchanger (1c).
Based on the characteristics of the cracked gas, and
more specifically on the type of the hydrocarbons feed-
stock subjected to thermal cracking, the transfer-line heat
exchanger (1c) can operate as a boiler or preheater ac-
cording to the operating principles described for Fig.5
and Fig.6, summarized below and adapted to the specific
service:

- In boiler mode, the second inlet and outlet shell-side
connections (8b,9b) are open; the first shell-side inlet
connection (8a) and/or the first shell-side outlet con-
nection (9a) can be opened or, preferably, closed.
The boiler water (F1) coming from the steam drum
is introduced in substantially liquid phase into the
shell (2) by the second inlet shell-side connections
(8b) or by the second inlet shell-side connections
(8b) and the first inlet shell-side connection (8a). The
boiler water (F1) is distributed in the shell (2), rises
upwards by crossing the exchanging tubes (3), va-
porizes, and exits in liquid and vapor phase through
the second shell-side outlet connections (9b) or
through the second shell-side outlet connections
(9b) and the first shell-side outlet connection (9a).
The boiler water (F1) exiting from the transfer-line
heat exchanger (1c) rises towards the steam drum.
The boiler water (F1) circulates between steam drum
and transfer-line heat exchanger (1c) through the
piping and by natural or assisted circulation.

- In preheater mode, the second inlet and outlet shell-
side connections (8b,9b) are closed; the first shell-
side inlet connection (8a) and the first shell-side out-
let connection (9a) are open. The boiler water (F1)
is introduced into the shell (2) in liquid phase through
the first inlet shell-side connection (8a), runs through
the three heat exchanging zones (30,32,34) where
it preheats, and the two conveying zones (31,33),
and is extracted from the shell (2), in substantially
liquid phase or with a limited steam fraction, by
means of the first outlet shell-side connection (9a).
The boiler water (F1) circulates in the shell (2) by
forced convection; the boiler water (F1) to be pre-
heated comes from a third equipment (not shown in
the figures), and the preheated boiler water (F1) is
transported by a pipe from the transfer-line heat ex-
changer (1c) to the steam drum.

[0047] According to a preferred configuration relating
to the present invention, one or more longitudinal baffles
(13,14,24a,25a,24b,25b) can be formed by two juxta-
posed sheets forming a small cavity in between; in other
words, a longitudinal baffle (13,14,24a,25a,24b,25b)
covered by the present invention can have a sandwich
configuration. Preferably, the cavity has a size of about
4412mm. The cavity and the shell (2) are each other in
fluid communication through openings such as to prevent
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the shell-side fluid (F1) from circulating in the cavity dur-
ing the operation of the heat exchanger (1a, 1b, 1c); in
other words, the shell-side fluid (F 1) in the cavity is es-
sentially stagnant. The cavity is useful to limit or avoid
the shell-side heat exchange between adjacent zones of
the tube-bundle, and therefore to increase the overall
heat exchange efficiency.
[0048] As an expert in the field can understand, the
direction of the flow of the tube-side fluid (F2) as shown
in Fig.1 to Fig.3 can be reversed without modifying the
inventive concepts of this description. In other words, ac-
cording to an alternative and preferred configuration of
the present invention, fluids (F1,F2) can be flowed into
the heat exchanger (1a,1b) also as follows:

- Fig. 1: the tube-side fluid (F2) is introduced through
the second distributor (7), flows into the exchanging
tubes (3) from the second tube-sheet (5) to the first
tube-sheet (4) and is extracted through the first dis-
tributor (6), while the shell-side fluid (F1) is intro-
duced into the second heat exchanging zone (21)
through the shell-side connection (9) located near
the first tube-sheet (4), flows through the heat ex-
changing zones (21,19) and the conveying zone (20)
and is extracted from the first heat exchanging zone
(12) through the shell-side connection (8) located
near the second tube-sheet (5);

- Fig.3: the tube-side fluid (F2) is introduced through
the second distributor (7), flows into the exchanging
tubes (3) from the second tube-sheet (5) to the first
tube-sheet (4) and is extracted through the first dis-
tributor (6), while the shell-side fluid (F1) is intro-
duced into the third heat exchanging zone (34)
through the shell-side connection (9) located near
the first tube-sheet (4), it flows through the heat ex-
changing zones (34,32,30) and the conveying zones
(33,31) and is extracted from the first heat exchang-
ing zone (30) through the shell-side connection (8)
located near the second tube-sheet (5).

[0049] Similarly, as known by an expert in the field, the
direction of the flow of the tube-side fluid (F2) as shown
in Fig.5 can be reversed without changing the inventive
concepts of this description. In other words, according to
an alternative and preferred configuration of the present
invention, fluids (F1,F2) can be flowed into the heat ex-
changer (1c) also as follows:

- Fig.5: when the heat exchanger (1c) operates as
cooler or heater of the shell-side fluid (F1), the tube-
side fluid (F2) is introduced through the second dis-
tributor (7), flows into the exchanging tubes (3) from
the second tube-sheet (5) to the first tube-sheet (4)
and is extracted through the first distributor (6), while
the shell-side fluid (F1) is introduced into the third
heat exchanging zone (34) through the shell-side
connection (9a) placed near the first tube-sheet (4),
it flows through the heat exchanging zones

(34,32,30) and the conveying zones (33,31) and is
extracted from the first heat exchanging zone (30)
through the shell-side connection (8a) located near
the second tube-sheet (5);

- Fig.5: when the heat exchanger (1c) operates as
boiler or vaporizer of the shell-side fluid (F1), the
tube-side fluid (F2) is introduced through the second
distributor (7), flows into the exchanging tubes (3)
from the second tube-sheet (5) to the first tube-sheet
(4) and is extracted through the first distributor (6),
while the shell-side fluid (F1) keeps the flow direction
as described in Fig.5.

[0050] Following the above, the present invention
achieves the scope to provide a heat exchanger
(1a,1b,1c) configured so to operate with a single pass of
the tube-side fluid, several passes of the shell-side fluid
and the two fluids contacted in a pure counter-current
configuration.
[0051] The present invention also achieves the scope
to provide a heat exchanger (1c) configured to operate
in dual mode, i.e. a first mode according to which the
shell-side fluid vaporizes and flows with natural circula-
tion from bottom to top, and a second mode according
to which the shell-side fluid moving in forced convection
is heated or cooled. More specifically, the present inven-
tion also achieves the scope to provide an transfer-line
heat exchanger (1c), installed on cracking furnaces to
produce ethylene, operating in dual mode, as a boiler
and as a boiler feedwater preheater.
[0052] The heat exchanger object of the present inven-
tion, as conceived and described, is subject in any case
to numerous modifications and variants, all attributable
to the same inventive concept. In addition, all details can
be replaced with technically equivalent elements. In prac-
tice, building materials, shapes and sizes, can be of any
type according to technical requirements.
[0053] The scope of protection of this invention is de-
fined by the attached claims.

Claims

1. Heat exchanger (1a,1b) of shell-and-tube type sub-
stantially cylindrically shaped, apt to an indirect heat
exchange between a shell-side fluid (F1) and a tube-
side fluid (F2), comprising straight exchanging tubes
(3) connected at the ends to bores of a first and a
second tube-sheet (4,5), a shell (2) enveloping the
tube-bundle, a first and a second tube-side distribu-
tor (6,7) respectively connected to said first and sec-
ond tube-sheet (4,5) on the opposite side relative to
the tube-bundle and in fluid communication with said
exchanging tubes (3), inlet and outlet tube-side con-
nections (10,11) respectively installed on said first
and second distributor (6,7) and respectively apt to
introduce and extract said tube-side fluid (F2), first
inlet and first outlet shell-side connections

13 14 



EP 4 390 295 A1

9

5

10

15

20

25

30

35

40

45

50

55

(8,9,8a,9a) installed on the shell (2) respectively
proximate to said second and to said first tube-sheet
(4,5) and respectively apt to introduce and extract
said shell-side fluid (F1), shell-side traversal baffles
(22,23,38) apt to support said exchanging tubes (3)
and to transversally deviate the shell-side flow, at
least two shell-side longitudinal baffles
(13,14,24a,25a,24b,25b) having a first end
(15,17,26,28) connected to said first or second tube-
sheet (4,5) in a substantially tight manner and a sec-
ond end (16,18,27,29) open and free, said heat ex-
changer (1a,1b) being characterized in that said
longitudinal baffles (13,14,24a,25a,24b,25b) delimit
at least two heat exchanging zones (19,21,30,32,34)
crossed by portions of the tube-bundle and at least
one conveying zone (20,31,33) not crossed by the
tube-bundle, wherein adjacent longitudinal baffles
have said second ends longitudinally opposite,
wherein adjacent heat exchanging zones are sepa-
rated by a conveying zone and are in fluid commu-
nication with said separating conveying zone at said
second ends, and wherein said first inlet shell-side
connection (8,8a) is in fluid communication with a
heat exchanging zone (19,30) delimited by a longi-
tudinal baffle (13,24a) having said first end (15,26)
connected to said second tube-sheet (5) and said
first outlet shell-side connection (9,9a) is in fluid com-
munication with a heat exchanging zone (21,34) de-
limited by a longitudinal baffle (14,25) having said
first end (17,28) connected to said first tube-sheet
(4).

2. Heat exchanger (1a) according to claim 1, wherein
said longitudinal baffles (13,14) are of cylindrical
shape, substantially concentric one another and rel-
ative to said shell (2), wherein said conveying zones
(20) are substantially of annular shape and wherein
the tube-layout is substantially axial-symmetric.

3. Heat exchanger (1b) according to claim 1, wherein
said longitudinal baffles (24a,25a,24b,25b) are of
plane shape and substantially parallel one another,
and wherein the tube-layout is substantially subdi-
vided in circular segments.

4. Heat exchanger (1c) according to claim 3, wherein
the longitudinal axis (12) is parallel or quasi parallel
to the ground (36), wherein said plane longitudinal
baffles 24a,25a,24b,25b) are orthogonal to the
ground (36), wherein said transversal baffles (38)
are provided with openings located in the lower and
upper portion of said shell (2), and wherein said heat
exchanger (1c) comprises second inlet shell-side
connections (8b) installed on the lower portion of the
shell (2) apt to introduce the shell-side fluid (F1) and
second outlet shell-side connections (9b) installed
on the upper portion of the shell (2) apt to extract the
shell-side fluid (F1).

5. Heat exchanger (1c) according to claim 4, wherein
said heat exchanging zones (30,32,34) are each pro-
vided with at least one of said second inlet shell-side
connections (8b) and at least one of said second
outlet shell-side connections (9b).

6. Heat exchanger (1a, 1b, 1c) according to anyone of
previous claims, wherein one or more of said longi-
tudinal baffles (13,14,24a,25a,24b,25b) are formed
by two juxtaposed sheets forming in between a gap
in fluid communication with the shell (2) so that the
shell-side fluid (F1) is substantially stagnant in said
gap.

7. Dual operating method of a heat exchanger (1c) of
shell-and-tube type, substantially cylindrically
shaped and with longitudinal axis (12) parallel or
quasi parallel to the ground (36), apt to an indirect
heat exchange between a shell-side fluid (F1) and a
tube-side fluid (F2), comprising straight exchanging
tubes (3) connected at ends to bores of a first and a
second tube-sheet (4,5), a shell (2) enveloping the
tube-bundle, a first and a second tube-side distribu-
tor (6,7) respectively connected to said first and sec-
ond tube-sheet (4,5) on the opposite side relative to
the tube-bundle and in fluid communication with said
exchanging tubes (3), inlet and outlet tube-side con-
nections (10,11) respectively installed on said first
and second distributor (6,7) and respectively apt to
introduce and extract said tube-side fluid (F2), first
inlet and first outlet shell-side connections
(8,9,8a,9a) installed on the shell (2) respectively
proximate to said second and to said first tube-sheet
(4,5) and respectively apt to introduce and extract
said shell-side fluid (F1), second inlet and second
outlet shell-side connections (8b,9b) respectively in-
stalled on the lower and upper portion of the shell
(2) and respectively apt to introduce and extract said
shell-side fluid (F1), shell-side traversal baffles (38)
apt to support said exchanging tubes (3) and to trans-
versally deviate the shell-side flow and provided with
openings located in the lower and upper portion of
the shell (2), at least two shell-side plane longitudinal
baffles (24a,25a,24b,25b) orthogonal to the ground
(36), wherein said plane longitudinal baffles
(24a,25a,24b,25b) have a first end (26,28) connect-
ed to said first or second tube-sheet (4,5) in a sub-
stantially tight manner and a second end (27,29)
open and free, wherein said plane longitudinal baf-
fles (24a,25a,24b,25b) delimit at least two heat ex-
changing zones (30,32,34) crossed by portions of
the tube-bundle and at least one conveying zone
(31,33) not crossed by the tube-bundle, wherein ad-
jacent plane longitudinal baffles have said second
ends longitudinally opposite, wherein adjacent heat
exchanging zones are separated by a conveying
zone and are in fluid communication with said sep-
arating conveying zone at said second ends, wherein
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said first inlet shell-side connection (8a) is in fluid
communication with a heat exchanging zone (30)
delimited by a plane longitudinal baffle (24a) having
said first end (26) connected to said second tube-
sheet (5) and said first outlet shell-side connection
(9a) is in fluid communication with a heat exchanging
zone (34) delimited by a plane longitudinal baffle
(25b) having said first end (28) connected to said
first tube-sheet (4), said dual operating method com-
prises following operations:

- When the shell-side fluid (F1) principally ex-
changes sensible heat, and therefore the heat
exchanger (1c) is operated as heater or cooler
of the shell-side fluid (F1), the first inlet and outlet
shell-side connections (8a,9a) are open and the
second inlet and outlet shell-side connections
(8b,9b) are closed, the tube-side fluid (F2) is
flowed in the exchanging tubes (3), the shell-
side fluid (F 1) is introduced in the shell (2)
through the first inlet shell-side connection (8a),
is flowed in the heat exchanging zones
(30,32,34) and in the conveying zones (31,33)
with substantially longitudinal flow, the shell-
side fluid (F 1) indirectly exchanges heat with
the tube-side fluid (F2) in pure counter-current
in the heat exchanging zones (30,32,34) and is
heated or cooled, and the shell-side fluid (F1) is
extracted from the shell (2) through said first out-
let shell-side connection (9a);
- When the shell-side fluid (F1) principally ex-
changes latent heat, and therefore the heat ex-
changer (1c) is operated as boiler or vaporizer
of the shell-side fluid (F1), the second inlet and
outlet connections (8b,9b) are open, the first in-
let shell-side connection (8a) and/or the first out-
let shell-side connection (9a) are either open or
closed, the tube-side fluid (F2) is flowed in the
exchanging tubes (3), the shell-side fluid (F1) is
introduced in the shell 82) through the second
inlet shell-side connections (8b) or through the
second inlet shell-side connections (8b) and the
first inlet shell-side connection (8a), is distribut-
ed in the heat exchanging zones (30,32,34) and
in the conveying zones (31,33), the shell-side
fluid (F1) indirectly exchanges heat with the
tube-side fluid (F2) in the heat exchanging zones
(30,32,34) crossing the exchanging tubes (3)
substantially with ascending flow and vaporizes,
and the shell-side fluid (F1) is collected and ex-
tracted from the shell (2) through the second out-
let shell-side connections (9b) or through the
second outlet shell-side connections (9b) and
the first outlet shell-side connection (9a).

8. Dual operating method of a heat exchanger (1c) ac-
cording to claim 7, wherein each of said heat ex-
changing zones (30,32,34) is provided with at least

one of said second inlet shell-side connections (8b)
and at least one of said second outlet shell-side con-
nections (9b).

9. Dual operating method of a heat exchanger (1c) ac-
cording to claim 7 or 8, wherein in accordance with
said boiler or vaporizer mode the shell-side fluid (F1)
substantially circulates by natural or assisted con-
vection and flows in the lower portion of the shell (2)
principally along the longitudinal direction, in the cen-
tral portion of the tube-bundle principally along the
vertical direction and in the upper portion of the shell
(2) principally along the longitudinal direction so that
the shell-side fluid (F1) in the lower portion of the
shell (2), substantially in liquid phase, distributes in
said heat exchanging zones (30,32,34), in the central
portion of the tube-bundle crosses the exchanging
tubes (3) and in the upper portion of the shell (2), in
liquid and vapor phase, is collected and extracted
from the shell (2).

10. Dual operating method of a heat exchanger (1c) ac-
cording to anyone of claims from 7 to 9, wherein said
tube-side fluid (F2) is a hot process gas to be cooled,
wherein said shell-side fluid (F1) is high-pressure
boiler water, and wherein said heat exchanger (1c)
is a transfer-line heat exchanger installed on crack-
ing furnaces for ethylene production, or a process
boiler/cooler installed downstream of a chemical re-
actor, operating according to said dual mode.
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