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(54) Falling film tube bundle heat exchanger

(57) The present invention relates to a falling film
tube bundle heat exchanger (1) with vertical tubes, com-
prising a cylindrical mantle (2) with vertical axis closed
to the opposite ends by respective bottoms, superior (3)
and inferior (4),

- a first falling film tube bundle (F1) with vertical
tubes (5), mounted in said mantle (2), with tube
plates (6,7), respectively superior and inferior, cir-
cumferentially fixed, tightened against a fluid under
pressure, to the mantle (2) itself, in which they de-
fine between them a first heat exchange zone (12),
- at least a second tube bundle (F2) with vertical
tubes (8), mounted in said mantle (2), with tube
plates (9,10), respectively superior and inferior, cir-
cumferentially fixed, tightened against a fluid under
pressure, to the mantle (2) itself, in which they de-
fine between them a second heat exchange zone
(14), said superior plate (9) being fixed to said man-
tle (2) in fixed axially spaced relationship from the
inferior tube plate (7) of said first tube bundle (F1),
- a holding and distribution zone (13), comprised be-
tween the inferior tube plate (7) of said first tube
bundle (F1), and the superior tube plate (9) of said
second tube bundle (F2), being open, in said hold-
ing and distribution zone (13) the respective inferior
(5b,8b) and superior (5a,8a) ends of said first (F1)
and second (F2) tube bundle.
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Description

Field of application

[0001] In its most general aspect the present inven-
tion relates to a tube bundle heat exchanger, with verti-
cal tubes, useful for carrying out heat exchange be-
tween at least two fluids, with the so-called falling film
technique.
[0002] A heat exchanger of the said type, and to which
refers the present invention, generally comprises a plu-
rality of rectilinear tubes, grouped to form a tube bundle
through at least two tube plates, positioned near the op-
posite ends of said tubes, that are open on the outside
of the plates themselves.

Prior Art

[0003] It is known and widespread, in the chemical
and the food industry, the use of apparatuses as con-
centrators, evaporators, condensers and alike, that
comprise, or are constituted by a tube bundle heat ex-
changer, with vertical tubes, of the so-called falling film
type.
[0004] In order to obtain a simplified exposition, in rest
of the description, for the concentration of a selected
solution reference will be made to the use of heat ex-
changers of the considered type.
[0005] In the heat exchange between two fluids, as
per the cited falling film technique, a first fluid, called
main fluid in the rest of the description, for example a
solution to be concentrated, goes down alongside the
inner wall of the tubes, without filling them, forming a
thin film, that leaves a considerable empty space in the
centre of the tubes themselves and for their whole
length; a second fluid, called operating fluid in he rest
of the description, flows in the heat exchanger, from the
outside of the respective tube bundle, coming into con-
tact with the external wall of every single tube.
[0006] To said end, the vertical tubes, that constitute
such a tube bundle, have opposite ends open and in
fluid communication with the outside of the exchanger.
Moreover, to grant the formation of a respective main
fluid "falling film" in every vertical tube, in every upper
end of said tubes a crop end of tube is coaxially en-
gaged, fitted, in an intermediate position, with one or
more through radial holes at predetermined distance
from the underlying tube plate.
[0007] Generally, a predetermined liquid head of the
solution to be concentrated is formed above said holes,
which solution overflow through the holes inside the
crop ends of the tubes, forming the desired liquid film.
[0008] In the rest of the description and in the follow-
ing claims, said crop end of tube is also called ferule.
[0009] The vapor (or gas) that, inside each tube, frees
itself from the solution to be concentrated, goes up the
respective tube, to be discharged (or collected) outside
the exchanger, while the solution to be concentrated ex-

its from the bottom ends of the tubes, to be collected
and discharged outside said exchanger.
[0010] It is known that, to increase the efficiency of
the heat exchanger of the said type, as for a whole series
of other and well known operating needs, a falling film
heat exchanger is as much widely used, in which at least
two distinct zones are defined, separated one from the
other, tightened against a fluid under pressure, and
crossed by the same vertical tubes of the only tube bun-
dle comprised in said heat exchanger, each of said
zones being intended to be crossed by a respective op-
erating fluid.
[0011] Considering a heat exchanger with two heat
exchange zones and that uses two different operating
fluids, the known art provides a cylindrical mantle with
vertical axis, closed at the opposite ends by respective
walls or bottoms, a falling film tube bundle with vertical
tubes, axially extended in said mantle having tube
plates, respectively upper and bottom, fixed gas tight to
said mantle, in proper spaced relationship from said bot-
toms. A third tube plate, in-between the previous, is cir-
cumferentially fixed, gas tight, to said mantle. The tubes
are engaged tightly in said tubular plates, generally by
flaring.
[0012] Although advantageous from various points of
view, the descending film heat exchangers structured in
the above schematically described way, have recog-
nized drawbacks, among which the most relevant one
is represented by the difficulty to assure the necessary
and desired tightness between the two (or more) differ-
ent zones in which every exchanger is subdivided. Such
difficulty is above all due to the welding and flaring op-
erations that, besides being numerous, have to be car-
ried out in objectively awkward conditions.
[0013] In particular it's widely known that, the bigger
the exchanger dimensions are, especially its height and
the bigger is the length of the tube bundle and, therefore,
the bigger is the "depth" or distance of the opposite ends
of the exchanger at which it's required to operate (to
weld and to flare), so, the bigger is said difficulty to as-
sure an appropriate tightness between the heat ex-
change zones.
[0014] The lack of this tightness may cause a sub-
stantial drop of the overall yield of the exchanger and,
so, of the device in which said exchanger is working and,
so, of the operation, for example concentration of solu-
tions, in charge to said device.

Summary of the invention

[0015] The problem underlying the present invention
is that of providing a falling film tube bundle heat ex-
changer, with vertical tubes, of the above mentioned
type, having structural and functional characteristics so
as to allow a substantial simplification of the assembly
and setting operations of the tube bundle inside the re-
spective mantle, disengaging said operations from the
exchanger height, from the tube length, so as to assure
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in every case the tightness between the different inner
heat exchange zones of the exchanger itself, so as to
overcome all the drawbacks mentioned with reference
to the prior art.
[0016] This problem is solved, according to the
present invention, by a falling film tube bundle heat ex-
changer with vertical tubes, comprising a cylindrical
mantle with vertical axis closed to the opposite ends by
respective bottoms, superior and inferior, characterized
in that it comprises:

- a first falling film tube bundle with vertical tubes,
mounted in said mantle, with tube plates, respec-
tively superior and inferior, circumferentially fixed,
tightened against a fluid under pressure, to the
mantle itself, in which they define between them a
first heat exchange zone,

- at least a second tube bundle with vertical tubes,
mounted in said mantle, with tube plates, respec-
tively superior and inferior, circumferentially fixed,
tightened against a fluid under pressure, to the
mantle itself, in which they define between them a
second heat exchange zone, said superior plate be-
ing fixed to said mantle in fixed axially spaced rela-
tionship from the inferior tube plate of said first tube
bundle,

- a holding and distribution zone, comprised between
the inferior tube plate of said first tube bundle, and
the superior tube plate of said second tube bundle,
being open, in said holding and distribution zone the
respective inferior and superior ends of said first
and second tube bundle,

- a plurality of ferules arranged with vertical axis in
said holding and distribution zone, every ferule hav-
ing an end coaxially engaged in a respective tube
of said second tube bundle and the other end
closed.

[0017] The advantages and the features of the meth-
od according to the present invention will become clear-
er from the description of an exemplificative embodi-
ment thereof, made herein below with reference to the
attached drawings, for indicative and non-limiting pur-
poses.

Brief description of the drawings

[0018]

Figure 1 schematically illustrates a tube bundle heat
exchanger of the descending film type, according
to the present invention;

Figures 2 and 3 schematically illustrate in enlarged
view respective details of the heat exchanger of fig-

ure 1.

Detailed description of a preferred embodiment

[0019] With reference to figure 1, a heat exchanger 1,
of the so-called descending film type comprises a man-
tle 2, with a vertical axis A-A, closed at the opposite ends
by respective bottoms, upper 3 and lower 4, fixed there-
to through respective flanges 3a, 4a; a first descending
film-tube bundle F1, with vertical tubes 5, is axially ex-
tended in said mantle 2, with tube plates 6, 7 respec-
tively superior and inferior, circumferentially fixed, tight-
ened against a fluid under pressure, to the mantle 2 it-
self. The tubes 5 have opposite ends 5a, 5b open and
extending externally to the respective tube plates 6, 7.
[0020] In axial alignment with said first tube bundle
F1, and in fixed spaced relationship from it, in said man-
tle 2 a second tube bundle F2 with vertical tubes 8 is
mounted, with tube plates 9, 10, respectively superior
and inferior, circumferentially fixed, tightened against a
fluid under pressure, to the mantle itself. The tubes 8
also have opposite ends 8a, 8b open and extending
from the respective tube plates 9, 10.
[0021] Because of the presence of said tubular plates
6, 7, 9, 10, in the heat exchanger 1 five zones 11, 12,
13, 14, 15 are defined, ordered in axial sequence; the
first zone 11 is comprised between the superior end 3
and the superior tube plate 6 of the first tube bundle F1;
the second zone 12, is comprised between the tube
plates 6, 7 of said first tube bundle F1; the third zone 13
is comprised between the inferior tube plate 7 of the first
tube bundle F1 and the superior tube plate 9 of the sec-
ond tube bundle F2; the fourth zone 14 is comprised be-
tween the tube bundles 9, 10 of the second tube bundle
F2; the fifth zone 15 is comprised between the tube plate
10 of the second tube bundle F2 and the inferior bottom
4 of said mantle 2.
[0022] The first zone 11, named also distribution
zone, is in fluid communication with the outside through
a duct 16, provided for the input of main fluid, for exam-
ple, a solution to be concentrated, and trough a duct 17,
for the output of the possible vapors freed inside the
tubes 5 of the first tube bundle F1. In said zone 11 the
superior ends 5a of the tubes 5 of the first tube bundle
F1 are open.
[0023] The second zone 12, or heat exchange zone,
is separated, tightened against a fluid under pressure,
from said zone 11, while it is in fluid communication with
the outside of the mantle 2 trough ducts, superior 18 and
inferior 19. The duct 18 is used for the input of a heat
exchange operating fluid.
[0024] The fourth zone 14, heat exchange zone too,
is in communication with the outside of the mantle 2
through a superior duct 20, for the input of a second heat
exchange operating fluid and through an inferior duct 21
that provides for the output of said fluid from the heat
exchanger 1.
[0025] Said heat exchange zones 12, 14 are mutually

3 4



EP 1 491 836 A1

4

5

10

15

20

25

30

35

40

45

50

55

spaced in the axis A-A direction, from the third zone 13,
from which they are separated, tightened against a fluid
under pressure.
[0026] In said zone third zone 13, or holding and in-
termediate distribution zone, the inferior ends 5b of the
tubes 5 of the first tube bundle F1 and the superior ends
8b of the tubes 8 of the second tube bundle F2 are open.
[0027] At last, the fifth zone 15, or gathering zone, that
constitutes a kind of tank for collecting the concentrate
solution, is separated, tightened against a fluid under
pressure, from said zone 14, while it is in communication
with the outside of the exchanger 1 through a duct 22
for the output of said solution. In said zone 15 the inferior
ends 8b of the tubes 8 of the second tube bundle F2.
[0028] To grant the formation, by the main fluid, of a
falling film contacting the inner wall of every tube 5 of
the first tube bundle F1, avoiding that in some part of it,
said liquid may fill, even only partially, the central "emp-
ty" zone of the tube, in the distribution zone 11, the one
comprised between the upper bottom 3 of the heat ex-
changer of the present invention, and the first tube bun-
dle F1, a plurality of per se known ferules 23 is operating,
one for each tube 5.
[0029] Particularly (Fig. 2), every ferule 23 has end
24b free, open in said distribution zone 11 and, in an
intermediate position, is fitted with one or more through
radial holes at predetermined distance from the under-
lying tube plate 6, so as to form a liquid head (solution
to be concentrated) in the distribution zone 11.
[0030] In the intermediate holding and distribution
zone 13 too, a plurality of ferules 26 (Fig. 3) is active,
one for each tube 8 of the second tube bundle F2. Said
ferules' 26 radial holes 25, at predetermined distance
from the underlying tube plate 9, allow the formation of
a predetermined liquid head in the zone 13.
[0031] This liquid head is substantially maintained
constant by, for example, the already partially concen-
trated solution (main fluid) that is fed in said 13, by grav-
ity ("rains"), from the tubes 5, of the overhanging first
tube bundle F1.
[0032] To prevent it from flowing directly in the tubes
8 of the second tube bundle F2, filling the central portion,
i.e. to assure a regular formation of the desired liquid
film falling inside said tubes 8, according to an aspect
the present invention, said ferules 26 are closed above
(Fig. 3), while they are fitted with further appropriate ra-
dial apertures 27, in positions suited to allow the output
of the gaseous flux possibly freed in the tubes of the
second tube bundle F2.
[0033] The heat exchanger according to the present
invention has structural and functional characteristics so
as to substantially simplify the assembly and setting op-
erations of the tube bundle inside the respective mantle,
allowing the disengagement of said operations from the
exchanger height, and obtaining the vantage of assuring
in every case the tightness between the different inner
heat exchange zones of the exchanger itself.
[0034] It was also surprisingly noted that the formation

of a liquid head in the intermediate zone 13, for the hold-
ing and distribution of the solution already partially con-
centrated or, more in general of the main fluid already
partially thermally treated, determines an advantageous
remix of the liquid, leveling its concentration and its tem-
perature.
[0035] The invention thus conceived is susceptible to
further variants and modifications all of which fall within
the inventive concept and, as such, fall within the scope
of protection of the invention itself, as defined by the fol-
lowing claims.

Claims

1. Falling film tube bundle heat exchanger (1) with ver-
tical tubes, comprising a cylindrical mantle (2) with
vertical axis closed to the opposite ends by respec-
tive bottoms, superior (3) and inferior (4), charac-
terized in that it comprises:

- a first falling film tube bundle (F1) with vertical
tubes (5), mounted in said mantle (2), with tube
plates (6, 7), respectively superior and inferior,
circumferentially fixed, tightened against a fluid
under pressure, to the mantle (2) itself, in which
they define between them a first heat exchange
zone (12),

- at least a second tube bundle (F2) with vertical
tubes (8), mounted in said mantle (2), with tube
plates (9, 10), respectively superior and inferi-
or, circumferentially fixed, tightened against a
fluid under pressure, to the mantle (2) itself, in
which they define between them a second heat
exchange zone (14), said superior plate (9) be-
ing fixed to said mantle (2) in fixed axially
spaced relationship from the inferior tube plate
(7) of said first tube bundle (F1),

- a holding and distribution zone (13), comprised
between the inferior tube plate (7) of said first
tube bundle (F1), and the superior tube plate
(9) of said second tube bundle (F2), being open,
in said holding and distribution zone (13) the
respective inferior (5b, 8b) and superior (5a,
8a) ends of said first (F1) and second (F2) tube
bundle,

2. Heat exchanger according to claim 1, character-
ized in that it comprises a plurality of ferules (26)
arranged with vertical axis in said holding and inter-
mediate distribution zone (13) and engaged one for
each tube (8) of said second tube bundle (F2) .

3. Heat exchanger according to claim 2, character-
ized in that said plurality of ferules (26) arranged
in said holding and distribution zone (13), have an
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end coaxially engaged in a respective tube (8) of
said second tube bundle (F2) and the other end
closed, said ferules (26) being fitted with radial ap-
ertures (27), in positions suited to allow the output
of a gaseous flux.
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