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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure is related to shell-and-
tube heat exchangers.

BACKGROUND INFORMATION

[0002] In chemical plants, a heat exchanger is a device
that allows to heat up or cool downa fluid, i.e., a liquid or a
gas, without direct contact between the fluid and the
cooling or heating medium.
[0003] Therearedifferent designsof suchdevices, and
one of them is the falling film shell-and-tube heat ex-
changer, hereafter named falling film heat exchanger.
[0004] A shell-and-tube heat exchanger is a device
comprising three sections: a distributing section, wherein
the fluid to be cooled or heated is introduced into the
device and separated in sub-streams, a heat exchanging
section,which comprises abody andaplurality of vertical
tubes, wherein the plurality of vertical tubes directs the
fluid tobecooledor heated from thedistributing section to
a collecting section wherein the cooled or heated fluid is
recovered. The distributing section and the heat exchan-
ging section are separated by a top tubesheet, which
comprises holes to accommodate the vertical tubes. The
heat exchanging section comprises two spaces: the shell
space is the continuous space between the body and the
plurality of vertical tubes, wherein the heating or cooling
medium is circulated, and the tube space, which is the
discontinuous space formed by the collection of the in-
side of each tube. Typically, the tubes are evenly dis-
tributed across the cross section of the shell in a shell-
and-tube heat exchanger.
[0005] Shell-and-tube heat exchangers are used in a
wide range of industries, such as fertilizers. In some
cases, the fluid to be cooled or heated, which may be
a one-phase fluid (liquid or gas) or a 2-phase fluid (mix-
ture of liquid and gas). The fluid may comprise compo-
nents in a liquid phase such as ammonia, carbon dioxide,
water and urea, and in a gas phase, such as ammonia,
carbondioxideandwater. Thefluid tobecooledorheated
maycontaincorrosivecompounds thatmay reactwith the
heat exchanger. In order to protect the device, a passiva-
tion agent, such as air containing oxygen or hydrogen
peroxide, may be injected in the exchanger or in the
sectionsupstreamof thedevice to protect the equipment:
oxygen is always moving downstream and so remains in
the liquid solution to be treated. It is important that the
liquid solution containing passivation agent is evenly
distributed to the vertical tubes of the heat exchanger
in order to efficiently protect the device: a proper distribu-
tion of the liquid solution ensures an even distribution of
the passivation agent on the exposed surfaces, including
the top tubesheet. It has been seen that it may be difficult
to obtain an even distribution of the liquid comprising the
passivation agent to the plurality of vertical tubes and the

top tubesheet of the heat exchanger: in such a case,
vapors may condense on the un passivated surface
causing corrosion.

SUMMARY OF THE DISCLOSURE

[0006] A new shell-and-tube heat exchanger was de-
signed to improve the distribution of a liquid comprising a
passivation agent. The heat exchanger comprises a
distribution plate located above the top tubesheet of
the heat exchanger, wherein the distribution plate is
configured to distribute evenly the liquid across the tube-
sheet, ensuring that each tube of the exchanger receives
some of the liquid comprising the passivation agent and
the area of the top tubesheet between the holes for
accommodating the vertical tubes is properly and evenly
wetted.
[0007] In a first aspect, the present disclosure provides
a vertical top-to-bottom shell-and-tube heat exchanger
for condensing a gas stream, the heat exchanger com-
prising a body, a distribution section, a heat exchanging
section comprising a set of vertical tubes, an inlet for a
cooling medium, an outlet for a cooling medium, and a
collection section comprising a cooled fluid outlet, where-
in:

- the distribution section and the heat exchanging
section are separated by a top tubesheet comprising
a plurality of openings configured to accommodate
the vertical tubes;

- the distribution section comprises a gas inlet for a
gas stream to be condensed, a liquid inlet for a liquid
comprising a passivation agent, and a distribution
tray located below the liquid inlet, wherein the dis-
tribution tray (14) is adapted todistributeboth thegas
stream and the liquid comprising passivation agent,
wherein the distribution tray (14) comprises two sets
of through-holes perforating the distribution tray, the
first set of through-holes being configured to distri-
bute the liquid comprisingapassivationagentacross
the top of the top tubesheet, and the second set of
through-holes being configured to allow the gas
stream to reach the vertical tubes;

- the axis of each through-hole of the second set of
through-holes is located directly above the axis of a
vertical tube of the distribution section;

- the distribution tray comprises a plurality of hollow
tubes fastened to the distribution tray, wherein the
hollow tubes are configured to prevent liquid from
reaching the through-holes of the second set of
through-holes.

[0008] In a second aspect, the present disclosure pro-
vides a method for condensing a gas stream comprising
water, ammonium, and carbon dioxide, in a heat exchan-
ger according to the present disclosure:

a) directinga liquid comprisingapassivationagent to
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the liquid inlet of the heat exchanger, in particular
wherein the passivation agent is oxygen or oxygen
peroxide;
b) directing a stream of cooling liquid, such as water
or steam condensate, to the inlet for a cooling med-
ium of the heat exchanger;
c) directing a gas stream comprising water, ammo-
nium, and carbon dioxide, to the gas inlet of the heat
exchanger;
d) collecting a fluid comprising a liquid condensate
from the first outlet of the heat exchanger.

(Preferred) embodiments of the first aspect of the inven-
tion are also (preferred) embodiments of the second
aspect of the invention and vice versa.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The following description of the figure of a spe-
cific embodiment of a system according to the present
disclosure is only given by way of example and is not
intended to limit thepresent explanation, its applicationor
use. In the figures, identical reference numerals refer to
the same or similar parts and features.

Figure 1 is a drawing of an embodiment of a vertical
top-to-bottom shell-and-tube heat exchanger ac-
cording to the present disclosure.
Figure 2 is a drawing of a section of another embodi-
ment of a vertical top-to-bottom shell-and-tube heat
exchanger.
Figure 3 is a drawing of an embodiment of the
staggered pattern position of the vertical tubes in a
vertical top-to-bottom shell-and-tube heat exchan-
ger.
Figures 4 and 5 are drawings of an embodiment of a
part of the distribution section of a vertical top-to-
bottom shell-and-tube heat exchanger.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0010] Unless otherwise defined, all terms used in
disclosing the invention, including technical and scientific
terms, have the meaning as commonly understood by
one of ordinary skill in the art to which this invention
belongs. By means of further guidance, term definitions
are included to better appreciate the teaching of the
present invention.
[0011] In the following passages, different aspects or
embodiments of the invention are defined in more detail.
Each aspect or embodiment so defined may be com-
bined with any other aspect(s) or embodiment(s) unless
clearly indicated to the contrary. In particular, any feature
indicated as being preferred or advantageous may be
combined with any other feature or features indicated as
being preferred or advantageous.
[0012] All references cited in this description are here-
by deemed to be incorporated in their entirety by way of

reference.
[0013] As used herein, the following terms have the
following meanings:
"A", "an", and "the" as used herein refers to both singular
and plural referents unless the context clearly dictates
otherwise. By way of example, "a compartment" refers to
one or more than one compartment.
[0014] "About" as used herein referring to a measur-
able value such as a parameter, an amount, a temporal
duration, and the like, is meant to encompass variations
of +/‑20 % or less, in particular +/‑10 % or less, more in
particular +/‑5%or less, evenmore in particular +/‑1%or
less, and still more in particular +/‑0.1 % or less of and
from the specified value, in so far such variations are
appropriate to perform in the disclosed invention. How-
ever, it is to be understood that the value to which the
modifier "about" refers is itself also specifically disclosed.
[0015] "Comprise", "comprising", and "comprises" and
"comprised of" as used herein are synonymous with
"include", "including", "includes" or "contain", "contain-
ing", "contains" and are inclusive or open-ended terms
that specifies the presence of what follows and do not
exclude or preclude the presence of additional, non-
recited components, features, element,members, steps,
known in the art or disclosed therein.
[0016] The recitation of numerical ranges by endpoints
includes all numbers and fractions subsumed within that
range, as well as the recited endpoints.
[0017] The expression "weight percent", "°/wt" or
"weight%", here and throughout the description unless
otherwise defined, refers to the relative weight of the
respective component based on the overall weight of
the formulation.
[0018] In a first aspect, the present disclosure provides
a shell-and-tube heat exchanger, preferably a vertical
top-to-bottom shell-and-tube heat exchanger, for con-
densing a gas stream, the heat exchanger comprising
a body, a distribution section, a heat exchanging section
comprising a set of vertical tubes, an inlet for a cooling
medium, an outlet for a cooling medium, and a collection
section comprising a cooled fluid outlet for a fluid com-
prising a liquid and optionally gases, wherein:

- the distribution section and the heat exchanging
section are separated by a top tubesheet comprising
a plurality of openings configured to accommodate
the vertical tubes;

- the distribution section comprises a gas inlet for a
gas stream to be condensed, a liquid inlet for a liquid
comprising a passivation agent, and a distribution
tray located below the liquid inlet, wherein the dis-
tribution tray (14) is adapted todistributeboth thegas
stream and the liquid comprising passivation agent,
wherein the distribution tray comprises two sets of
through-holes perforating the distribution tray, the
first set of through-holes being configured to distri-
bute the liquid comprisingapassivationagentacross
the top of the top tubesheet, and the second set of
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through-holes being configured to allow the gas
stream to reach the vertical tubes;

- the axis of each through-hole of the second set of
through-holes is located directly above the axis of a
vertical tube of the distribution section;

- the distribution tray comprises a plurality of hollow
tubes fastened to the distribution tray, wherein the
hollow tubes are configured to prevent liquid from
reaching the through-holes of the second set of
through-holes.

In preferred embodiments, the shell-and-tube heat ex-
changer according to the present disclosure is a vertical
top-to-bottom device. This means that the fluid to be
cooled or heated is introduced at the top of the device,
and the cooled or heated fluid is obtained at the bottom of
the device. Such design is particularly interesting when
the device is used to condense a gas stream comprising
water, since gravity ensures that the condensed liquid
reaches the cooled fluid outlet of the device without
requiring any additional energy input.
[0019] The heat exchanger comprises a distribution
section, a heat exchanging section, and a collection
section, all three sections being enclosed in a body.
The distribution section is located at the top of the device,
the heat exchanging section is located between the dis-
tribution section and the collection section, and the col-
lection section is located at the bottom of the device.
[0020] The heat exchanging section is separated from
the distribution section by a top tubesheet comprising a
plurality of openings configured to accommodate a set of
vertical tubes. The vertical tubes are configured to direct
the liquid containing the passivation agent, the gas
stream, and the condensate of the gas stream, from
the distribution section to the collection section. The heat
exchanging section comprises two spaces: a continuous
space outside the vertical tubes also called shell space,
and a discontinuous collection of internal spaces of the
vertical tubes also called tube space. In the present heat
exchanger, the shell space is configured to receive a
cooling fluid, in particular cooling water or steam con-
densate. Cooling water used in industrial plants, such as
urea-producing plants, comprises mostly water. Cooling
water may also comprise additives, such as inorganic
salts, and small organic molecules. In the present heat
exchanger, the tube space is configured to receive the
gas stream to be condensed and the liquid comprising a
passivation agent. The liquid comprising the passivation
agent accumulates on the top tubesheet, and enters the
tubes, forming a falling film on the inside walls of the
vertical tubes. The gas stream comprising water, ammo-
nia, and carbon dioxide condenses as it travels in the
tubes and increases the thickness of the falling film. The
condensate obtained from the gas stream flows down to
the collection section.
[0021] In some embodiments, the liquid comprising a
passivation agent comprises ammonia, and/or carbon
dioxide, and/or ammonium carbamate, and/or ammo-

nium carbonate.
[0022] Theheat exchanging section comprises an inlet
for a cooling medium, and a second outlet for a cooling
medium. The inlet and second outlet for a cooling med-
ium are located on the wall of the section.
[0023] In some embodiments, the inlet for a cooling
medium is located above the second outlet for a cooling
medium. In some embodiments, the inlet for a cooling
medium is located below the second outlet for a cooling
medium.
[0024] Thecollectionsection comprisesafirst outlet for
removing the fluid produced by the condenser. The re-
moved fluid may comprise only liquid components, such
as the condensate from the gas stream and the liquid
comprising a passivation agent, but it may also comprise
gases, i.e., uncondensed vapors.
[0025] The distribution section comprises a gas inlet
for a gas stream to be condensed, a liquid inlet for the
liquid containing the passivation agent, and a distribution
tray located below the liquid inlet, wherein the distribution
tray comprises two sets of through-holes, the first set of
through-holes being configured to distribute the liquid
comprising the passivation agent across the top of the
top tubesheet, and the second set of through-holes being
configured to allow the gas stream to reach the vertical
tubes. The role of the distribution tray is two-fold: ensure
that the gas stream to be condensed can flow from the
gas inlet to the vertical tubes and distribute evenly the
liquid entering the heat exchanger from the liquid inlet
across the top tubesheet.
[0026] The role of the liquid containing passivation
agent is to bring the passivation agent, for example
oxygen, in contact or near the internal surface of the wall
of the vertical tubes of the heat exchanger and on the
surface of the top tubesheet. The passivation agent is
carefully selected such that it can react with the material
of the vertical tubes and the top tubesheet to create a
layer of material that is more resistant to corrosion than
thematerial of the vertical tubes andof the top tubesheet.
[0027] The top tubesheet is a perforated plate that
comprises openings to accommodate the vertical tubes
of the condenser.
[0028] In some embodiments, the axis of at least one
through-hole of the first set of through-holes of the dis-
tribution tray may be equidistant to the nearest openings
of the top tubesheet. In order to obtain a good distribution
of the liquid comprising a passivation agent, it may be an
advantage that the axis of at least one through-hole
among the first set of through-holes of the distribution
plate is equidistant to the nearest openings of the top
tubesheet. This means that the liquid comprising a pas-
sivation agent can fall onto the top tubesheet at equi-
distance of several openings of the top tubesheet and it
can evenly spread in all directions, ensuring a good
coverage of the top tubesheet, and a more even film
formation inside the vertical tubes.
[0029] In some embodiments, the axis of at least one
through-hole of the first set of through-holes may be
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located directly above the axis of the center of the trian-
gular pitch of the openings of the top tubesheet. For a
shell-and-tube heat exchanger, such as a condenser, the
vertical tubes are often positioned in a staggered pattern,
in particular staggered with 60° as shown on Figure 3. In
such configuration, the axis of at least one though-hole of
the first set of through-hole of the distribution traymay go
through the center of the triangle created by the center of
three openings.
[0030] In some embodiments, the axis of the through-
holes of the first set of through-holes may be located
directly above the axis of the center of the triangular pitch
of the openings of the top tubesheet.
[0031] In some embodiments, the gas stream and/or
the condensate from the gas streamcomprises corrosive
compounds that may react with the vertical tubes and
slowly corrode the tubes. This can eventually lead to
holes in the vertical tubes,whichbreaks the impermeable
barrier between the shell spaceand the tube space.Such
damage requiresblocking the topendand thebottomend
of the tubes, or to replace the tube. For example, a urea-
producing plant comprises one or more condensers that
are configured to condense gas streams comprising
water, carbon dioxide and ammonia. The condensate
of such gas streams comprises a compound selected
from the group of ammonium carbamate, ammonium
carbonate, ammonium bicarbonate, and mixtures there-
of. Such compounds are corrosive to stainless steel, and
the condensers need to be protected from the corrosive
action of these compounds.
[0032] Gas streams comprising oxygen may be in-
jected in the condensers to provide a passivation effect.
However, since the vertical tubes are covered by a liquid
film in operation, it is required that the gaseous oxygen
dissolves in the liquid film to passivate the tubes. Thus, it
is often preferred to use a liquid comprising a passivation
agent, such as oxygen or oxygen peroxide. The passiva-
tionagent is present in the liquid film falling inside the tube
and can react with the tubes to create a passivated layer.
[0033] A conventional way to introduce the liquid con-
taining the passivation agent to a shell-and-tube heat
exchanger is to spray the liquid with a spraying device
above the top tubesheet. However, it was found that
when the pressure or velocity of the stream of liquid
was varying in operation, the spraying pattern, for exam-
ple a full cone shape, did not cover the entire top tube-
sheet. As a result, some of the tubes and part of the top
tubesheet area did not receive the desired amount of the
liquid comprising the passivation agent, and corrosion
was increased leading to a reduced lifetimeof the vertical
tubes and the top tubesheet, in particular the welding
points between the tubesheet and the vertical tubes. So,
a new system for distributing the liquid comprising the
passivation agent to the top tubesheet was designed.
[0034] It was found that a distribution tray comprising
two sets of through-holes ensured an even distribution of
liquid containing the passivation agent to the top tube-
sheet. Thedistribution tray is locatedbelow the liquid inlet

and above the top tubesheet. The distribution tray com-
prises two sets of through-holes, the first set of through-
holes is configured to distribute the liquid comprising the
passivation agent across the top of the top tubesheet,
and the secondset of through-holes is configured toallow
the gas stream to reach the vertical tubes.
[0035] Each through-hole of the first set of through-
holes is located above a solid section of the top tube-
sheet,meaning that the liquid comprising the passivation
agent falling from the first set of through-holes falls onto
the top tubesheet and is distributed across the top tube-
sheet. The top end of each vertical tube connecting the
distribution section to the collection section is above the
top tubesheet, such that a certain volume of liquid com-
prising the passivation agent is always present on the top
tubesheet in operations.
[0036] The axis of each through-hole of the second set
of through-holes is located directly above the axis of a
vertical tube of the distribution section, such that the gas
stream tobecondensedcan reach the vertical tubes inan
almost laminar flow.
[0037] The heat exchanger comprises a plurality of
hollow tubes fastened to the distribution tray, wherein
the hollow tubes are configured to prevent liquid from
reaching the through-holes of the second set of through-
holes. The hollow tubes prevent the liquid comprising the
passivation agent from falling directly into the vertical
tubes, which may disturb the gas distribution into the
tubes, and allow the to be condensed gas stream to pass
through the distribution plate.
[0038] In some embodiments, the hollow tubes are
fastened on top of the distribution tray.
[0039] In some embodiments, the hollow tubes are
fastened inside the through-holes of the second set of
through-holes.
[0040] At least two ways to attach the hollow tubes to
the distribution tray are envisioned. Firstly, the hollow
tubescanbe fastenedon topof thedistribution tray. In this
case, it may be preferred that the internal dimeter of the
hollow tubes is equal to the diameter of the through-holes
of the second set of through-holes. Secondly, the hollow
tubes can be fastened inside the through-holes of the
second set of through-holes. In this case, it may be
preferred that the external diameter of the hollow tubes
isequal or from0.1 to2.0mmsmaller than thediameter of
the through-holes of the second set of through-holes,
such that the hollow tubes fit inside the through-holes.
[0041] In some embodiments, the bottom end of the
hollow tubes is flush with the bottom face of the distribu-
tion tray.
[0042] In some embodiments, the distribution section
comprises a distribution tube, in particular an L-shaped
distribution tube, wherein one end of the distribution tube
is connected to the liquid inlet and theotherend, theoutlet
of the distribution tube, is located above a non-perforated
part of the distribution tray. A distribution tube connected
to the liquid inlet on one end, with its other end located
above a non-perforated part of the distribution tray, may
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provide a more controlled distribution of the liquid com-
prising the passivation agent to the distribution tray,
providing amore stable liquid level and ensuring an even
liquid flow through the first set of through-holes.
[0043] In some embodiments, the outlet of the distribu-
tion tube is located above a non-perforated part of the
distribution tray is from 10.0 to 100.0 mm above the
distribution tray.
[0044] In some embodiments, the outlet of the distribu-
tion tube is located above a non-perforated part of the
distribution tray and is surrounded by a wall extending
from the distribution tray, in particular wherein the wall is
cylindrical and/or perforated. Depending on the pressure
and velocity of the stream of the liquid comprising the
passivation agent, and the height difference between the
inlet and the distribution tray, the impact of the liquid
containing thepassivation agent onto thedistribution tray
may create a very turbulent zone, including droplets that
may enter the hollow tubes and leading to an unstable
stable liquid level above the distribution tray. It was found
that a wall extending from the distribution tray and sur-
rounding the outlet of the distribution tube reduced the
turbulence zone created by the impact of the liquid onto
thedistributionplate. The turbulencezone is limited to the
internal volume of the wall. The liquid comprising the
passivation agent reaches the entire distribution tray
by flowing over the wall, or through the perforations, if
present, in a much more controlled way and with less
velocity than at the outlet of the distribution tube.
[0045] In some embodiments, thewall surrounding the
outlet of the distribution tube comprises perforations, in
particular perforations having a diameter ranging from
2.0 to 8.0 mm, or from 2.0 to 5.0 mm.
[0046] In some embodiments, thewall surrounding the
outlet of the distribution tube has a height of from100.0 to
300.0 mm. In some embodiments, the wall surrounding
the outlet of the distribution tube has a height of from
100.0 to 200.0 mm.
[0047] In some embodiments, the wall is cylindrical
and the distance between the center of the wall and
the center of the distribution tray is from 0.0 mm to
25% of the diameter of the distribution tray. A cylindrical
wall ensures that the liquid comprising the passivation
agent is distributedevenly in all directions from thewall. A
wall located around themiddle of the distribution tray also
provides a more even distribution of the liquid across the
distribution plate. It may not be possible for the wall to be
at the exact center of the distribution tray because of the
location of a through hole or a hollow tube, but it was
observed that the wall could be at a distance from the
center, such as less than 20% of the diameter of the
distribution tray, and still provide a very good distribution
of the liquid comprising a passivation agent.
[0048] In some embodiments, the height of the hollow
tubes is from 200.0 to 500.0 mm. In some embodiments,
the height of the hollow tubes is from 200.0 to 400.0 mm.
In some embodiments, the height of the hollow tubes is
from300.0 to400.0mm.Themain roleof thehollow tubes

is to prevent the liquid containing the passivation agent
from falling through thesecondsetof throughholes.Their
height determines how much liquid can be accumulated
on the distribution tray.
[0049] In some embodiments, the diameter of the
through-holes of the first set of through-holes is smaller
than the diameter of the through-holes of the second set
of through-holes. The volume of liquid containing the
passivation agent used in such heat exchangers is often
much smaller than the volume of gas stream to be con-
densed, byunit of time, so theamount of gas thatneeds to
go through the second set of through/holes is greater
than the amount of liquid that needs to go through the first
set of through holes. So, a larger diameter for the second
set of through/holes allows to reduce the pressure drop
caused by the distribution tray.
[0050] In some embodiments, the diameter of the
through-holes of the first set of through-holes is ranging
from 2.0 to 8.0 mm, or from 2.0 to 6.0 mm.
[0051] In some embodiments, the diameter of the
through-holes of the second set of through-holes is ran-
ging from 10.0 to 25.0 mm, or from 15.0 to 25.0 mm.
[0052] In another aspect, the present disclosure pro-
vides a method for condensing a gas stream comprising
water, ammonium, and carbon dioxide, in a heat exchan-
ger according to the present disclosure:

a) directinga liquid comprisingapassivationagent to
the liquid inlet of the heat exchanger, in particular
wherein the passivation agent is oxygen or oxygen
peroxide;
b) directing a stream of cooling liquid, such as water
or steam condensate, to the inlet for a cooling med-
ium of the heat exchanger;
c) directing a gas stream comprising water, ammo-
nium, and carbon dioxide, to the gas inlet of the heat
exchanger;
d) collecting a fluid comprising liquid condensate
from the cooled fluid outlet of the heat exchanger.

[0053] The heat exchanger described above can be
used in a method for condensing a gas stream compris-
ing water, ammonium, and carbon dioxide. For example,
urea-producing plants have several devices that pro-
duces a gas stream comprising water, ammonia, and
carbon dioxide. Ammonia and carbon dioxide are the
raw materials used to produce urea, and it is desirable
to recycle these components back to the synthesis sec-
tion or the medium-pressure section or the low-pressure
section as an aqueous solution instead of a gas stream.
[0054] A carbamate condenser is a heat exchanger
configured to condense a gas stream comprising water,
ammonia, and carbon dioxide, into an aqueous solution
comprising ammonium ions, such as ammonium carba-
mate, ammonium carbonate, and ammonium bicarbo-
nate. The heat exchanger described above can be used
as a carbamate condenser in a urea-producing plant.
[0055] A liquid comprising a passivation agent is direc-
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ted to the liquid inlet of the heat exchanger. In some
embodiments, the liquid is an aqueous solution compris-
ing oxygen or oxygenperoxide. The liquid comprising the
passivation agent may comprise other components. In
some embodiments, the liquid comprising the passiva-
tion agent comprises ammonia, and/or carbon dioxide,
and/or urea.
[0056] A cooling liquid, such as water or steam con-
densate, isdirected to the inlet for acoolingmediumof the
heat exchanger. If the cooling liquid is essentially water, it
may comprise some inorganic salts or organic mole-
cules. For example, calcium salts are often added to
cooling water in urea-producing plants. In some embodi-
ments, the cooling liquid has a pH above 7.0. In some
embodiments, the cooling liquid comprises basic addi-
tives such that its pH is above 7.0.
[0057] A gas stream comprising water, ammonium,
and carbon dioxide, is directed to the gas inlet of the heat
exchanger. Thegas streammay come fromanydevice of
a urea-producing plant, such as a carbamate decompo-
ser or a desorption column. When the gas stream
reaches the vertical tubes of the heat exchanger, the
water comprised in the gas stream condenses into liquid
water. Theammoniaand carbondioxide comprised in the
gas stream dissolve in the water, and react together to
form ammonium carbamate, ammonium carbonate, or
ammonium bicarbonate depending on the exact condi-
tions inside the vertical tubes, such as pressure tempera-
ture, and composition of the gas stream. The reaction of
ammonia and carbon dioxide drives the solubilization of
the gases into the liquid phase.
[0058] In someembodiments, the gas streamcompris-
ingwater, ammonium,andcarbondioxidehasapressure
ranging from 0.1 M to 4.0 MPa. In some embodiments,
the gas stream comprising water, ammonium, and car-
bon dioxide has a pressure ranging from 3.0 M to 4.0
MPa.
[0059] A liquid condensate is recovered from the
cooled fluid outlet of the heat exchanger. In some embo-
diments, the liquid condensate comprises one or more
components selected from the group consisting of am-
monium carbamate, ammonium carbonate, and ammo-
nium bicarbonate. In some embodiments there is no total
condensation of the vapors and a mixed stream of liquid
and vapors is recovered from the cooled fluid outlet.
[0060] In someembodiments, the liquid comprising the
passivation agent, and directed to the liquid inlet of the
distribution section, comprises a portion of the conden-
sate collected from the cooled fluid outlet. It was found
that it was possible to use the liquid condensate obtained
in the collections section of the heat exchanger as part of
the liquid comprising the passivation agent in the same
device.Thishas theadvantage that it allows to reduce the
consumptionofwater of theplant anddoesnotmodify the
chemical composition of the condensate.
[0061] Figure 1 is a schematic drawing of an embodi-
ment of a vertical top-to-bottom shell-and-tube heat ex-
changer 1 according to the present disclosure. The de-

vice 1 comprises a body 5, a distribution section 2, a heat
exchanging section 3, and a collection section 4. The
collection section 4 comprising a cooled fluid outlet 13 for
removing condensate from the device 1. The heat ex-
changing section 3 comprises vertical tubes 10 fluidly
connecting the distribution section 2 and the collection
section 4. The heat exchanging section 3 comprises an
inlet for a cooling medium 9, and an outlet for a cooling
medium 12. The space 11 between the body 5 and the
outside of the vertical tubes 11 is called the shell space.
[0062] The distribution section 2 and the heat exchan-
ging section 3 are separated by a top tubesheet 8. The
collection section 4 and the heat exchanging section 3
are separated by a bottom tubesheet 18.The tubesheets
8 and 18 each independently comprise openings config-
ured to accommodate the vertical tubes 10.
[0063] The distribution section 2 comprises a gas inlet
7 for a gas stream to be condensed, a liquid inlet 6 for a
liquid comprising a passivation agent, and a distribution
tray 14 located below the liquid inlet 6 and above the top
tubesheet 8, wherein the distribution tray 14 comprises
two sets of through-holes 15 and 16. The first set of
through-holes 15 is configured to distribute the liquid
containing the passivation agent across the top of the
top tubesheet 8, and the second set of through-holes 16
is configured to allow the gas stream to reach the vertical
tubes 10.Theaxis of each through-hole of the second set
of through-holes 16 is located directly above the axis of a
vertical tube of the distribution section 2. The distribution
tray 14 comprises a plurality of hollow tubes 17 fastened
to thedistribution tray14,wherein thehollow tubes17are
configured to prevent liquid from reaching the through-
holes of the second set of through-holes 16.
[0064] Figure 2 is a schematic drawing of a section of
another embodiment of a vertical top-to-bottom shell-
and-tube heat exchanger 20 according to the present
disclosure. The heat exchanging section and collection
section of device 20 are identical to device 1 and are not
reproduced in Figure 2 to simplify the drawing. The dis-
tribution section 2 comprises a gas inlet 7, a liquid inlet 6,
and a distribution tray 14 comprising two sets of through-
holes 15 and 16. The first set of through-holes 15 is
configured to distribute the liquid containing the passiva-
tion agent across the top of the top tubesheet 8, and the
second set of through-holes 16 is configured to allow the
gas stream to reach the vertical tubes10.Thedistribution
tray 14 comprises a plurality of hollow tubes 17 fastened
to the distribution tray 14. The distribution section 2
comprises a L-shaped distribution tube 21 connected
on one end to the liquid inlet 6. The outlet of the distribu-
tion tube 21 is located above a solid section of the dis-
tribution tray 14 and is surrounded by a circular wall 19
that is configured to minimize the turbulences caused by
the impact of the liquid comprising a passivation agent on
the distribution tray 14. The distance between the center
of the wall 19 and the center of the distribution tray 14 is
about between 0 and 25 % of the diameter of the dis-
tribution tray 14.
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[0065] Figure 3 shows an embodiment of a section of a
tubesheet in a heat exchanger according to the present
disclosure. The tubesheet comprises openings 22 for
accommodating vertical tubes. The openings 22 follow
a 60° staggered pattern, wherein the center of the three
openings create an equilateral triangle, and pointA is the
center of the equilateral triangle.
[0066] Figure 4 is a schematic drawing of a part of the
distribution section of another embodiment of a vertical
top-to-bottom shell-and-tube heat exchanger 40 accord-
ing to the present disclosure. The heat exchanging sec-
tion and collection section of device 40 are identical to
device1andarenot reproduced inFigure4 to simplify the
drawing. The distribution tray 14 comprises a plurality of
hollow tubes 17 that are fastened on top 41 of the dis-
tribution tray 14.Hence, the diameter of the second set of
through holes 16 is substantially equal to the diameter of
the hollow tubes.
[0067] Figure 5 is a schematic drawing of a part of the
distribution section of another embodiment of a vertical
top-to-bottom shell-and-tube heat exchanger 50 accord-
ing to the present disclosure. The heat exchanging sec-
tion and collection section of device 50 are identical to
device1andarenot reproduced inFigure5 to simplify the
drawing. The distribution tray 14 comprises a plurality of
hollow tubes 17 that are fastened inside 51 the through-
holes of the second set of through-holes 16. Hence, the
diameter of the second set of through holes 16 is larger
than the diameter of the hollow tubes.

Claims

1. Avertical top-to-bottom shell-and-tube heat exchan-
ger (1) for condensing a gas stream, the heat ex-
changer comprising a body (5), a distribution section
(2), a heat exchanging section (3) comprising a set of
vertical tubes (10), an inlet for a cooling medium (9),
an outlet for a cooling medium (12), and a collection
section (4) comprising a cooled fluid outlet (13),
wherein:

- the distribution section (2) and the heat ex-
changing section (3) are separated by a top
tubesheet (8) comprising a plurality of openings
configured to accommodate the vertical tubes
(10);
- thedistributionsection (2) comprisesagas inlet
(7) for a gas stream to be condensed, a liquid
inlet (6) for a liquid comprising a passivation
agent, and a distribution tray (14) located below
the liquid inlet (6), wherein the distribution tray
(14) is adapted to distribute both the gas stream
and the liquid comprising passivation agent, the
distribution tray (14) comprising two sets of
through-holes (15, 16) perforating the distribu-
tion tray (14), the first set of through-holes (15)
being configured to distribute the liquid compris-

ing a passivation agent across the top of the top
tubesheet (8), and the second set of through-
holes (16) being configured to allow the gas
stream to reach the vertical tubes (10);
- the axis of each through-hole of the second set
of through-holes (16) is located directly above
the axis of a vertical tube of the distribution
section (2);
- thedistribution tray (14) comprisesaplurality of
hollow tubes (17) fastened to thedistribution tray
(14), wherein the hollow tubes (17) are config-
ured to prevent liquid from reaching the through-
holes of the second set of through-holes (16).

2. The heat exchanger according to claim 1, wherein
the axis of at least one through-hole of the first set of
through-holes (15) is located directly above the axis
of the center of the triangular pitch of the tubes (10).

3. Theheat exchanger according to claim1or 2, further
comprising a distribution tube (21), in particular an L-
shaped distribution tube, wherein one end of the
distribution tube (21) is connected to the liquid inlet
(6) and the other end is located above a non-perfo-
rated part of the distribution tray (14).

4. The heat exchanger according to claim 3, wherein
theendof thedistribution tube (21) is locatedabovea
non-perforated part of the distribution tray (14) is
from 10.0 to 100.0 mm above the distribution tray
(14).

5. Theheat exchangeraccording to claim3or4,where-
in the end of the distribution tube (21) is located
above a non-perforated part of the distribution tray
(14) is surrounded by a perforated wall (19) extend-
ing from the distribution tray (14), in particularwhere-
in the wall (19) is cylindrical.

6. The heat exchanger according to claim 5, wherein
the wall (19) has a height of from 100.0 to 300.0mm.

7. Theheat exchangeraccording to claim5or6,where-
in the wall (19) is cylindrical and the distance be-
tween the center of thewall (19) and the center of the
distribution tray (14) is from 0.0 mm to 25% of the
diameter of the distribution tray (14).

8. Theheat exchanger according to any oneof claims 1
to 7, wherein the height of the hollow tubes (17) is
from 200.0 to 500.0 mm.

9. Theheat exchanger according to any oneof claims 1
to 8,wherein the diameter of the through-holes of the
first set of through-holes (15) is smaller than the
diameter of the through-holes of the second set of
through-holes (16).
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10. Theheat exchanger according to any oneof claims 1
to 9, wherein the hollow tubes (17) are fastened on
top (41) of the distribution tray (14).

11. Theheat exchanger according to any oneof claims 1
to 9, wherein the hollow tubes (17) are fastened
inside (51) the through-holes of the second set of
through-holes (16).

12. A method for condensing a gas stream comprising
water, ammonium, and carbon dioxide, in a heat
exchanger according to any one of claims 1 to 11:

a) directing a liquid comprising a passivation
agent to the liquid inlet (6) of the heat exchanger,
in particular wherein the passivation agent is
oxygen or oxygen peroxide;
b) directing a stream of cooling liquid, such as
water, to the inlet for a cooling medium (9) of the
heat exchanger;
c) directing a gas stream comprising water, am-
monium, and carbon dioxide, to the gas inlet (7)
of the heat exchanger;
d) collectingafluidcomprising liquidcondensate
from the cooled fluid outlet (13) of the heat
exchanger.

13. The use of a vertical top-to-bottom shell-and-tube
heat exchanger according to any one of claims 1 to
11 to condense a gas stream, in particular wherein
the gas stream comprises water, ammonia and car-
bon dioxide.
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