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DESCRIPTION

Background of the invention

[0001] The present invention refers to a shell-and-tube heat exchanger and, more specifically,
to a shell-and-tube heat exchanger having a vapour and liquid drum operating under natural
circulation.

[0002] Hot fluids in power and process industry are often cooled by means of heat exchangers
where vaporization of a cooling fluid occurs by indirect heat transfer between the hot and cold
fluids. Vaporization allows installing high overall heat transfer coefficients and, consequently,
reducing heat transfer surface and operating metal temperatures. Major examples of such
heat exchangers are waste heat boilers, or process gas boilers, where a gas at high
temperature is cooled by vaporization of water.

[0003] When a heat exchanger is used to indirectly cool a hot fluid by means of vaporization of
a cooling fluid, for safe and stable operations it is usually necessary to provide for:

= a continuous circulation of the cooling fluid across the heat exchanger;
s a separation of the produced vapour from the liquid;
» a retention volume of the cooling fluid, in liquid state, in case of emergency shut-down.

[0004] Circulation of the cooling fluid across the heat exchanger is necessary for avoiding
vapour blanketing, reduction of heat transfer performance and possible overheating. The
circulation of the cooling fluid can be done by natural or forced draft. The vapour and liquid
separation is normally necessary for next operations. The vapour can be used for process or
utility purposes, whereas the liquid is often reinjected into the heat exchanger. Finally, the
retention volume of the cooling fluid, in liquid state, is generally necessary for assuring a good
wetting of exchanging hot surfaces during an emergency shut-down where a lack of coolant
occurs.

[0005] In order to provide for the circulation of the cooling fluid, for the separation of vapour
and liquid phases, as well as for having a retention volume, a vapour and liquid drum is usually
installed along with the heat exchanger. Such drum can be either internal or external to the
heat exchanger body. In case the drum is external to the heat exchanger body, it is a
separated pressure chamber. The drum is therefore connected to the heat exchanger either
by means of piping coming to/from the heat exchanger or by means of openings across
pressure walls common to the heat exchanger and the drum.

[0006] A vapour and liquid drum separated from the heat exchanger body is essentially a
pressure chamber characterized by a liquid level, by at least one inlet for the vapour and liquid



DK/EP 3631293 T3

mixture coming from the heat exchanger, by at least one outlet for the liquid and by at least
one outlet for the vapour. Almost always, the drum is also provided with an inlet for fresh
cooling fluid, which is frequently in liquid phase, that replaces at least a portion of the amount
of the cooling fluid leaving the drum in vapour state.

[0007] According to a common configuration, the drum is internally provided with one or more
dividing walls that form at least two sections in the drum, the first for the vapour and liquid
mixture and the second for the liquid. The dividing wall is open at the top end. Therefore, the
two sections are in communication by the top opening of the dividing wall. The top opening
acts as a weir and can also be provided with vapour and liquid separation devices, such as
impingement plates or cyclones.

[0008] The first section, or the vapour and liquid mixture section, is in communication with the
tubes or piping coming from the heat exchanger and therefore the first section receives the
vapour and liquid mixture. The second section, or the liquid section, is characterized by a liquid
level which is located below the top end of the dividing wall, or the weir, and is in
communication with the outlet tubes or piping conveying the liquid towards the heat exchanger
or any other equipment. The vapour and liquid mixture discharged into the first section of the
drum moves towards the weir. At the weir, where separation devices can be installed for an
improved vapour and liquid separation, the vapour and liquid are discharged into the second
section. The liquid falls down towards the liquid level, whereas the vapour moves above the
liquid level and towards the outlet vapour connection, installed normally at the top of the drum
chamber. Additional separation devices can be installed at, or near at, the outlet vapour
connection for a fine vapour and liquid separation.

[0009] The circulation of the vapour and liquid mixture from the heat exchanger to the drum,
and the circulation of the liquid from the drum to the heat exchanger can either occur under
natural or forced draft. In case of natural circulation, the drum is installed at an elevated
position with regard to the heat exchanger. The vapour and liquid mixture moves upwardly,
from the heat exchanger to the drum, and the liquid moves downwardly, from the drum to the
heat exchanger, by means of the density difference of upward and downward circuits. The
elevation of the drum, with regard to the heat exchanger, represents the static head for the
natural circulation.

[0010] Many vapour and liquid drums are described in open literature. For example,
documents US 2372992, US 2402154, US 2420655, US 2550066, US 2806453, US 5061304,
US 4565554 disclose respective embodiments of drums installed in steam generation units
where water-tubes, indirectly receiving heat from the hot fluid and housing the vaporization of
the water, are directly connected to the drum. The vaporizing water-tubes discharge the
mixture preferably into a steam and water section of the drum, which is separated from the
water section of the drum by one or more walls. The mixture is treated by means of separation
devices. The separated water is discharged from the steam and water section into the water
section of the drum, whereas the separated steam moves to the top of the drum, towards the
steam outlet connection. The water section of the drum, characterised by a water level, is
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connected to large piping, also called downcomers, often installed outside the hot fluid
chamber. The downcomers bring the water from the drum towards the bottom of vaporizing
tubes or boiler.

[0011] In particular, document US 2372992 describes a waste heat boiler characterized by an
upper and a lower drum connected by vaporizing water-tubes (risers) and downcomers both
installed in a casing where a hot flue gas flows. The downcomers, bringing water from the
upper drum to the lower drum, have a limited heat transfer with regard to the risers.

[0012] Document US 3114353 describes a vapour generating unit consisting of a vertical
vapour generator of shell-and-tube type, with straight tubes, with upper and lower tube-sheets,
with an upper pressure chamber connected to the upper tube-sheet, acting as a vapour and
liquid drum, and with a lower pressure chamber connected to the lower tube-sheet, acting as a
secondary liquid chamber or liquid drum. The upper chamber, or the vapour and liquid drum,
has an internal wall forming two sections, a vapour and liquid section and a liquid section
characterized by a liquid level. The vapour and liquid section of the upper drum collects the
vapour and liquid mixture directly from the exchanging tubes of the generator. The vapour and
liquid section of the upper drum delivers the liquid to the lower liquid drum of the generator by
means of a large downcomer, enclosed into the tube bundle, provided with a sleeve for limiting
the boiling of the liquid flowing into the downcomer.

[0013] In an another configuration, disclosed in document US 2016/0097375, the drum is a
pressure chamber connected to the tube-sheet of a shell-and-tube steam generator with
exchanging tubes of bayonet type. The steam drum is internally split into two sections by
means of a wall. The first section, in communication with one tube pass, collects the steam and
water mixture produced in the heat exchanger, whereas the second section, in communication
with the other tube pass, acts as a water reservoir and delivers the water to the steam
generator tubes. The steam and water mixture is conveyed from the first section of the drum to
the separation devices, installed inside the second section of the drum, by piping which is
external to the steam drum chamber.

[0014] Document US 2373564 describes a vertical water-tube waste heat boiler of shell-and-
tube type, with two shells connected to a common tubesheet on opposite sides, and with U-
tubes connected to the tubesheet. The lower shell houses the tubes and the upper shell serves
as water reservoir and steam separating space (drum). The upper shell is provided with a
baffle submerged by water present in the upper shell. The upper shell is split into one lower
steam-water portion and one upper steam portion, separated by the vapour-liquid interface.
The water level in the upper shell is common to both the inlet and outlet ends of the U-tubes.

Summary of the invention

[0015] The main object of the present invention is therefore to provide an alternative
embodiment of a shell-and-tube heat exchanger having a vapour and liquid drum which is
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capable of:

« collecting the vapour and liquid mixture produced in the heat exchanger tubes;
» providing for the vapour and liquid separation;

= providing for a liquid retention volume;

+ delivering the liquid to the heat exchanger tubes

» operating under natural circulation.

[0016] This object is achieved according to the present invention by providing a shell-and-tube
heat exchanger having a vapour and liquid drum as well as a method of operating a shell-and-
tube heat exchanger as set forth in the attached claims.

[0017] Specifically, these objects are achieved by a shell-and-tube heat exchanger comprising
a shell enclosing a plurality of U-shaped tubes of a tube bundle. Each tube is provided with a
first tube portion and with a second tube portion that are hydraulically connected by a U-bend.
The open ends of each tube are connected to a tube-sheet and the tubes are vertically
arranged and disposed downward with respect to said tube-sheet. The shell is provided with at
least an inlet nozzle for inletting a first fluid and with at least an outlet nozzle for outletting the
first fluid. A pressure chamber is connected to the tube-sheet on the opposite side of the shell
and above said shell. The pressure chamber is provided with a plurality of nozzles for inletting
and outletting at least a second fluid. Said second fluid is flowing under natural circulation
within the tubes, to indirectly perform a heat exchange with the first fluid, and vaporizing during
the heat exchange. The pressure chamber contains a guiding jacket that, at a first end thereof,
is sealingly joined to the tube-sheet or the first tube portions and, at a second end thereof that
is opposite to the first end, is open. The guiding jacket splits the pressure chamber into a first
section, that is enclosed by the guiding jacket and is in communication with the first tube
portions, and a second section, that is in communication with the second tube portions. The
first section and the second section are in communication with each other by means of the
open end of the guiding jacket. The first section has a liquid level, located below said open
end, and is provided with a vapour chamber, located above said liquid level. The first section
houses a reservoir of the second fluid having the liquid level.

[0018] These objects are also achieved by a method of operating a shell-and-tube heat
exchanger comprising a shell enclosing a plurality of U-shaped tubes of a tube bundle, wherein
each tube is provided with a first tube portion and with a second tube portion that are
hydraulically connected by a U-bend, wherein the open ends of each tube are connected to a
tube-sheet and the tubes are vertically arranged and disposed downward with respect to said
tube-sheet, wherein the shell is provided with at least an inlet nozzle and with at least an outlet
nozzle, and wherein a pressure chamber is connected to the tube-sheet on the opposite side
of the shell and above said shell, the pressure chamber being provided with a liquid inlet
nozzle and a vapour outlet nozzle, wherein the pressure chamber contains a guiding jacket
that, at a first end thereof, is sealingly joined to the tube-sheet or the first tube portions and, at
a second end thereof that is opposite to the first end, is open, wherein the guiding jacket splits
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the pressure chamber into a first section, that is enclosed by the guiding jacket and is in
communication with the first tube portions, and a second section, that is in communication with
the second tube portions, wherein the first section and the second section are in
communication with each other by means of the open end of the guiding jacket, and wherein
the first section is provided with a vapour chamber. The method comprises:

» inletting a first fluid through the inlet nozzle of the shell,

= inletting a second fluid through the liquid inlet nozzle of the pressure chamber,

+ obtaining a reservoir of the second fluid having a liquid level in the first section,

» flowing the second fluid within the tubes under natural circulation to indirectly perform a
heat exchange with the first fluid and vaporize the second fluid during the heat
exchange,

= having the liquid level of the second fluid located below said open end in the first section,
above which liquid level the vapour chamber is located,

» outletting the vaporized second fluid through the vapour outlet nozzle of the pressure
chamber,

« outletting the first fluid through the outlet nozzle of the shell.

[0019] In detail, a preferred embodiment of the vapour and liquid drum for a shell-and-tube
heat exchanger according to the present invention is characterized by the following technical
features:

« the drum is a pressure chamber connected to the tube-sheet of the shell-and-tube heat
exchanger on the opposite side of the exchanger shell;

» the heat exchanger has U-shaped tubes and preferably it is two passes on tube side;

« the heat exchanger has a vertical arrangement, with downward tube bundle;

e the drum is divided in at least two sections, wherein one section is in communication with
the first tube pass, whereas the other section is in communication with the second tube
pass;

» the hot fluid and the cooling fluid flow, respectively, on the shell-side and on the tube-
side of the heat exchanger;

¢ the cooling fluid indirectly receives the heat from the hot fluid;

= the cooling fluid vaporizes during the heat transfer and flows under natural circulation.

[0020] Further characteristics of the invention are underlined by the dependent claims, which
are an integral part of the present description.

Brief description of the drawing

[0021] The characteristics and advantages of a vapour and liquid drum for a shell-and-tube
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heat exchanger according to the present invention will be clearer from the following
exemplifying and non-limiting description, with reference to the enclosed schematic drawing, in
which figure 1 schematically shows a preferred embodiment of a shell-and-tube heat
exchanger provided with such a vapour and liquid drum.

Detailed description of the preferred embodiments

[0022] With reference to the figure, a shell-and-tube heat exchanger provided with a vapour
and liquid drum according to the present invention is shown. The shell-and-tube heat
exchanger 10 is provided with a shell 12 enclosing a plurality of U-shaped tubes 14 of a tube
bundle. Each tube 14 consists of a first portion or leg 16 and a second portion or leg 18, both
hydraulically connected by means of a respective U-bend 20. Both the open ends of each tube
14 are connected to a tube-sheet 22. The tube bundle tubes 14, and thus the heat exchanger
10, have a vertical arrangement, with the tube bundle tubes 14 that are disposed downward
with respect to the tube-sheet 22.

[0023] A first fluid 24, typically a hot fluid, flows on the shell-side of the heat exchanger 10,
entering into the shell 12 and exiting from the shell 12 by at least an inlet nozzle 26 and at least
an outlet nozzle 28 respectively. A second fluid, typically a cooling fluid, flows on the tube-side
of the heat exchanger 10, i.e. within the tubes 14 of the tube bundle. The heat exchanger 10
thus provides for an indirect heat exchange between the hot fluid and the cooling fluid. The
cooling fluid flows under natural circulation and vaporizes during the heat exchange. In a
preferred embodiment, the cooling fluid is water and the heat exchanger 10 is a steam
generator.

[0024] A pressure chamber 30, working as a vapour and liquid drum, is connected to the tube-
sheet 22 of the heat exchanger 10 on the opposite side of the shell 12, i.e. on the opposite
side of the tube-sheet 22 to the side where the tubes 14 are connected to the tube-sheet 22,
and above said shell 12. The drum 30 is provided with a plurality of nozzles 32, 34 and 36 for
inletting and outletting the second fluid circulating into said drum 30. The heat exchanger 10
has a two passes configuration on the tube side. The first pass, i.e. the first leg 16 of each tube
14, receives the cooling fluid, substantially in liquid phase, from the drum 30, whereas the
second pass, i.e. the second leg 18 of each tube 14, delivers the cooling fluid, as a vapour and
liquid mixture, to the drum 30. The second fluid enters into the first tube portion 16 in liquid
phase and exits from the second tube portion 18 as a vapour and liquid mixture.

[0025] The drum 30 contains a guiding jacket 38 that, at a first end 40 thereof, is sealingly
joined to the tube-sheet 22, or to the first legs 16 of the tube bundle tubes 14, and is
hydraulically connected to the first legs 16 (first tube pass) of the tube bundle tubes 14. The
guiding jacket 38, at a second end 42 thereof that is opposite to the first end 40, is open. The
guiding jacket 38 splits the drum 30 into two sections 44 and 46. A first section 44, enclosed by
the guiding jacket 38, is in communication with the first legs 16 (first tube pass) of the tube
bundle tubes 14, whereas a second section 46 is in communication with the second legs 18
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(second tube pass) of the tube bundle tubes 14. The first section 44 and the second section 46
are in communication with each other by means of the open end 42 of the guiding jacket 38.
The first section 44 and the second section 46 share a common vapour chamber 50 located
above both the first section 44 and the second section 46. The first section 44 is provided with
a liquid level 48, located below the open end 42 of the guiding jacket 38, and therefore with a
vapour chamber 50, located above the liquid level 48. Second fluid in liquid phase is present in
the first section 44 forming a liquid level 48. The second fluid in liquid phase present in the first
section 44 forms a reservoir 60 of second fluid having the liquid level 48. Thus, the first section
44 houses a reservoir 60 of the second fluid having the liquid level 48. The reservoir 60 is a
liquid reservoir, which means that the reservoir is substantially composed of liquid second fluid,
i.e. second fluid in liquid phase. The second fluid in liquid phase partially fills the first section
44, forming a liquid reservoir having the liquid level 48 that preferably is to be controlled for
proper operations. Above the liquid level 48 is a vapour chamber 50 formed in the first section
44, The vapour chamber 50 predominantly contains second fluid in vapour phase, but also
droplets of liquid second fluid. The liquid level 48 represents the vapour-liquid interface
between the liquid reservoir of the first section 44 and the vapour chamber 50. The second
section 46 is a vapour-liquid chamber not provided with a specific liquid level, and therefore not
provided with a level control. As a result, the liquid reservoir and the associated liquid level are
only in direct communication with the first legs 16 and affect the circulation in the tubes 16. An
advantage of such a configuration is that the reading and the control of the liquid level 48 are
not affected by the rising vapour in the second legs 18 and in the second section 46. The
guiding jacket 38 is configured to separate the second fluid into a liquid phase and a vapour
phase at the open end 42. The first section 44 is an inner section and the second section 46 is
an outer section. The second section 46 is interposed between the guiding jacket 38 and the
drum 30. By having the liquid level 48 below the open end 42 of the guiding jacket 38, and
conversely, the open end 42 above the liquid level 48, the second fluid is efficiently separated
into a liquid phase and a vapour phase at the open end 42. The density difference between the
liquid second fluid present in the first section 44 and the vapour-liquid second fluid present in
the second section 46 provides for a driving force for the natural circulation within the tubes 14.
Further, the liquid second fluid present in the first section 44 provides for a positive static head
to perform the natural circulation of the second fluid from the first section 44 to the second
section 46 through the tubes 14. This is facilitated by the absence of a pure liquid phase
forming a reservoir with a liquid level in the second section.

[0026] The drum 30 can also be provided with:

= one or more vapour and liquid separation devices 52, installed at, or near at, the open
end 42 of the guiding jacket 38;

» one or more liquid injection devices 54, configured for injecting liquid preferably into the
first section 44 through one or more inlet nozzles 32, which also may be denoted liquid
inlet nozzles 32;

= one or more liquid extraction devices 56, configured for extracting liquid from the first
section 44 through one or more outlet nozzles 34, which also may be denoted liquid
outlet nozzles 34;
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» one or more vapour and liquid separation devices 58, installed at the vapour outlet
nozzle 36;
e one or more devices (not shown) for measuring and controlling the liquid level (48).

[0027] Ideally, the layout of the tube bundle tubes 14 is of concentric type, that is the first legs
16 (first tube pass) of the tube bundle tubes 14 are arranged in a circular central zone of the
tube-sheet 22, whereas the second legs 18 (second tube pass) of the tube bundle tubes 14
are arranged in an annular region surrounding the first legs 16. According to such ideal tube
bundle arrangement, the guiding jacket 38 is concentrically arranged in the drum 30 and the
second section 46 surrounds the first section 44.

[0028] Fresh cooling fluid is injected preferably into the first section 44 from the inlet nozzle 32,
by means of the liquid injection devices 54. The injection occurs at a location below the open
end 42 of the guiding jacket 38, preferably below the liquid level 48, so that the fresh cooling
fluid mixes with the cooling liquid already present in the first section 44. The liquid in the first
section 44 falls into the first legs 16 (first tube pass) of the tube bundle tubes 14 and moves
downwardly under natural circulation. Along the U-shaped tubes 14 an indirect heat exchange
occurs from the hot fluid 24 flowing on the shell-side to the cooling fluid. The cooling fluid
vaporizes. The vapour and liquid mixture moves upwardly in the second legs 18 (second tube
pass) of the tube bundle tubes 14, under natural circulation, and is discharged into the second
section 46. The second fluid flows under natural circulation within the tubes 14 by entering into
the first tube portion 16 in liquid phase and exiting from the second tube portion 18 as a vapour
and liquid mixture. The mixture in the second section 46 moves upward by natural circulation
till to the open end 42 of the guiding jacket 38. The open end 42, which can be provided with
vapour and liquid separation devices 52 for improving the separation, acts as a weir for the
mixture. The vapour and liquid are discharged into the first section 44, and specifically the
liquid falls down towards the liquid level 48, whereas the vapour moves in the vapour chamber
50 towards the vapour outlet nozzle 36. The vapour can be further purified from liquid droplets
by means of the additional vapour and liquid separation devices 58 installed at, or near at, the
vapour outlet nozzle 36.

[0029] The first section 44 of the drum 30 is also provided with liquid extraction devices 56 for
removal of a portion of liquid (blow-down) from the respective nozzle 34. The blow-down is
often necessary for keeping at a proper level the contaminants concentration, which tends to
increase due to natural circulation between the drum 30 and the tube bundle tubes 14. In
steady-state operating conditions, the amount of the leaving vapour and blow-down
corresponds to the total amount of the fresh cooling fluid injected into the drum 30.

[0030] The first section 44 of the drum 30 is also provided with necessary instrumentation for
monitoring and controlling the liquid level 48. The natural circulation between the drum 30 and
the tube bundle tubes 14 depends on the static head given by the liquid level 48, on the
density difference between the liquid flowing downwardly and the vapour and liquid mixture
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flowing upwardly, and on the overall pressure drops of the circuit. The liquid reservoir in the
first section 44 is also a liquid reservoir for the heat exchanger 10, providing for necessary
liquid retention volume in case of disturbed operating conditions or shut-downs.

[0031] According to one aspect, the present invention relates to a method of operating a shell-
and-tube heat exchanger 10 comprising a shell 12 enclosing a plurality of U-shaped tubes 14
of a tube bundle, wherein each tube 14 is provided with a first tube portion 16 and with a
second tube portion 18 that are hydraulically connected by a U-bend 20, wherein the open
ends of each tube 14 are connected to a tube-sheet 22 and the tubes 14 are vertically
arranged and disposed downward with respect to said tube-sheet 22, wherein the shell 12 is
provided with at least an inlet nozzle 26 and with at least an outlet nozzle 28, and wherein a
pressure chamber 30 is connected to the tube-sheet 22 on the opposite side of the shell 12
and above said shell 12, the pressure chamber 30 being provided with a liquid inlet nozzle 32
and a vapour outlet nozzle 36, wherein the pressure chamber 30 contains a guiding jacket 38
that, at a first end 40 thereof, is sealingly joined to the tube-sheet 22 or the first tube portions
16 and, at a second end 42 thereof that is opposite to the first end 40, is open, wherein the
guiding jacket 38 splits the pressure chamber 30 into a first section 44, that is enclosed by the
guiding jacket 38 and is in communication with the first tube portions 16, and a second section
46, that is in communication with the second tube portions 18, wherein the first section 44 and
the second section 46 are in communication with each other by means of the open end 42 of
the guiding jacket 38, and wherein the first section 44 is provided with a vapour chamber 50,
the method comprising:

« inletting a first fluid 24 through the inlet nozzle 26 of the shell 12,

» inletting a second fluid through the liquid inlet nozzle 32 of the pressure chamber 30,

« flowing the second fluid within the tubes 14 under natural circulation to indirectly perform
a heat exchange with the first fluid 24 and vaporize the second fluid during the heat
exchange,

« having a liquid level 48 of the second fluid located below said open end 42 in the first
section 44, above which liquid level 48 the vapour chamber 50 is located,

« outletting the vaporized second fluid through the vapour outlet nozzle 36 of the pressure
chamber 30,

» outletting the first fluid 24 through the outlet nozzle 28 of the shell 12.

[0032] Having a liquid level 48 of the second fluid located below said open end 42 in the first
section 44 may alternatively be formulated as keeping the liquid level 48 of the second fluid
below said open end 42 in the first section 44. Having or keeping a liquid level 48 of the second
fluid located below said open end 42 in the first section 44 may be performed by outletting
second fluid through a liquid outlet nozzle 34 of the pressure chamber 30. Having or keeping a
liquid level 48 of the second fluid located below said open end 42 in the first section 44 may be
performed by inletting second fluid through a liquid inlet nozzle 32 of the pressure chamber 30.
Having or keeping a liquid level 48 of the second fluid located below said open end 42 in the
first section 44 may be performed by controlling the liquid level 48 by means of suitable level



DK/EP 3631293 T3

instruments (not shown), by outletting second fluid through the liquid outlet nozzle 34 and/or by
inletting second fluid through the liquid inlet nozzle 32. The second fluid is substantially liquid
when had or kept at a liquid level below the open end as well as when outlet through the liquid
outlet nozzle 34.

[0033] The method may comprise any or all of the below steps, which from a pedagogic
standpoint are to be performed in the presented order, but in practice the method is a
continuous process:

= Inletting (or discharging) the second fluid into the first section 44 through the liquid inlet
nozzle 32. The second fluid is substantially liquid, i.e. substantially in liquid phase, when
inlet (or discharged) into the first section 44.

« Obtaining a reservoir 60 of the second fluid having the liquid level 48 in the first section
44. The reservoir 60 is housed in the first section 44.

» Flowing the second fluid within the tubes 14 under natural circulation. This may be
performed by discharging the second fluid from the first section 44 into the first tube
portion 16. The second fluid is substantially liquid, i.e. substantially in liquid phase, when
introduced into the first tube portion 16.

« Subjecting the second fluid to indirect heat exchange with the first fluid along the tubes
14. Thereby, the second fluid is vaporized forming a vapour and liquid mixture of the
second fluid.

+ Discharging the vapour and liquid mixture of the second fluid from the tubes 14, more
specifically from the second tube portion 16, into the second section 46.

« Discharging the vapour and liquid mixture of the second fluid into the first section 44.
Thereby a liquid portion of the second fluid, more specifically of the vapour and liquid
mixture of the second fluid, falls down towards the liquid level 48 and a vapour portion of
the second fluid moves into the vapour chamber 50. The vapour and liquid mixture of
the second fluid is discharged from the second section 46 into the first section 44. The
vapour and liquid mixture of the second fluid is discharged into the first section 44 at the
open end 42 of the guiding jacket 38. The liquid portion falls down into the reservoir 60
of the second fluid.

« Outletting the vaporized second fluid through the vapour outlet nozzle 36 of the pressure
chamber 30. In particular, the vapour portion of the second fluid is outlet through the
vapour outlet nozzle 36. The vapour portion predominantly contains second fluid in
vapour phase, but may also contain droplets of liquid second fluid.

[0034] The shell-and-tube heat exchanger of the method may be a shell-and-tube heat
exchanger as defined above and may include any of the features, versions and embodiments
described above. For example, the guiding jacket 38 may be concentrically arranged in the
pressure chamber 30 and the second section 46 surround the first section 44. Further, the
layout of the tube bundle tubes 14 may be of concentric type, that is the first tube portions 16
are arranged in a circular central zone of the tube-sheet 22, whereas the second tube portions
18 are arranged in an annular region surrounding said first tube portions 16.
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[0035] It is thus seen that the shell-and-tube heat exchanger having a vapour and liquid drum
as well as the method of operating a shell-and-tube heat exchanger according to the present
invention achieves the previously outlined object.

[0036] The shell-and-tube heat exchanger having a vapour and liquid drum as well as the
method of the present invention thus conceived is susceptible in any case of numerous
modifications and variants, all falling within the same inventive concept; in addition, all the
details can be substituted by technically equivalent elements. In practice, the materials used,
as well as the shapes and size, can be of any type according to the technical requirements.

[0037] The scope of protection of the invention is therefore defined by the enclosed claims.
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DAMP- OG VAESKETROMLE TIL EN RORKEDELVARMEVEKSLER

PATENTKRAV

1. Rorkedelvarmeveksler (10) omfattende en skal (12), der indeslutter en flerhed af U-formede ror (14)

af et rorbundt, hvor hvert ror (14) er udstyret med en forste rordel (16) og med en anden rordel (18), der er
hydraulisk forbundet via en U-bgjning (20), hvor de abne ender af hvert ror (14) er forbundet med en rerplade,
(22) og rorene (14) er anbragt vertikalt og placeret nedefter i forhold til rerpladen (22), hvor skallen (12) er
udstyret med mindst én indlebsdyse (26) til indforing af et forste fluid (24) og med mindst én udlebsdyse (28)
til udledning af det forste fluid (24), og hvor et trykkammer (30) er forbundet med rerpladen (22) pa den
modsatte side af skallen (12) og over skallen (12), hvor dampkammeret (30) er udstyret med en flerhed af
dyser (32, 34, 36) til indfering og udledning af mindst et andet fluid, hvilket andet fluid stremmer under
naturlig cirkulation inde i rerene (14), for indirekte at udfere en varmeveksling mellem det forste fluid (24),
og fordampning under varmevekslingen, hvor trykkammeret (30) indeholder en foringskappe (38), der, ved
en forste ende (40) deraf, er taet forbundet med rorpladen (22) eller de forste rordele (16) og, ved en anden
ende (42) deraf, der er modsat den forste ende (40), er aben, hvor foringskappen (38) opdeler dampkammeret
(30) i en forste sektion (44), der star i forbindelse med de forste rordele (16), og en anden sektion (46), der
star i forbindelse med anden rordele (18), hvor den forste sektion (44) og den anden sektion (46) star i
forbindelse med hinanden ved hjlp af den abne ende (42) af foringskappen (38), og hvor den forste sektion
(44) er konfigureret til at have et vaeskeniveau (48) og er udstyret med et dampkammer (50), placeret over
vaskeniveauet (48), hvor den forste sektion (44) er konfigureret til at rumme en beholder (60) med det andet
fluid med vaskeniveauet (48), hvilken rarkedelvarmeveksler (10) er kendetegnet ved, at den forste sektion
(44) er indesluttet af foringskappen (38) og konfigureret saledes, at vaskeniveauet (48) befinder sig under
den abne ende (42).

2. Rorkedelvarmeveksler (10) ifelge krav 1, kendetegnet ved, at rerkedelvarmeveksleren (10) har en
konfiguration med to gennemleb pa rersiden, hvor de forste rordele (16) er konfigureret til at modtage det
andet fluid i veeskefase fra dampkammeret (30), mens anden rordele (18) er konfigureret til at levere det andet
fluid, som en damp- og vaskeblanding, til dampkammeret (30).

3. Rorkedelvarmeveksler (10) ifelge krav 1 eller 2, kendetegnet ved, at dampkammeret (30) er udstyret
med ¢én eller flere damp- og vaskeseparationsanordninger (52), der er monteret ved, eller i narheden af
foringskappens (38) abne ende (42).

4, Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 3, kendetegnet ved, at
dampkammeret (30) er udstyret med én eller flere vaskeindforingsanordninger (54), der er konfigureret til
indfering af vaeske i dampkammeret (30) gennem én eller flere vaskeindlebsdyser (32).

5. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 4, kendetegnet ved, at
dampkammeret (30) er udstyret med ¢én eller flere vaskeudledningsanordninger (56), der er konfigureret til
udledning af vaske fra den forste sektion (44) gennem én eller flere vaskeudlobsdyser (34).

6. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 5, kendetegnet ved, at
dampkammeret (30) er udstyret med én eller flere damp- og vaskeseparationsanordninger (58) monteret ved

en dampudlebsdyse (36) fra dampkammeret (30).
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7. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 6, kendetegnet ved, at
dampkammeret (30) er udstyret med én eller flere anordninger til maling og styring af vaeskeniveauet (48).
8. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 7, kendetegnet ved, at
rorbundtrorenes (14) layout er af koncentrisk type, at de forste rordele (16) er anbragt i et cirkelformet centralt
omrade af rerpladen (22), mens anden rordele (18) er anbragt i et ringformet omrade, der omgiver de forste
rordele (16).
9. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 8, kendetegnet ved, at
foringskappen (38) er koncentrisk anbragt i dampkammeret (30), og den anden sektion (46) omgiver den
forste sektion (44).
10. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 9, kendetegnet ved, at
rorkedelvarmeveksleren er konfigureret til det forste fluid (24), der stremmer ind i skallen (12), der er et
varmt fluid, og det andet fluid, der strommer ind i trykkammeret (30) og de U-formede rorbundtsrer (14), er
et kolefluid.
11. Rorkedelvarmeveksler (10) ifelge et hvilket som helst af kravene 1 til 10, kendetegnet ved, at
rorkedelvarmeveksleren er konfigureret til det andet fluid, der er vand, og rerkedelvarmeveksleren (10) er en
dampgenerator.
12. Fremgangsmade til anvendelse af en rerkedelvarmeveksler (10) omfattende en skal (12), der
indeslutter en flerhed af U-formede ror (14) af et rorbundt, hvor hvert ror (14) er udstyret med en forste rordel
(16) og med en anden rordel (18), der er hydraulisk forbundet via en U-bejning (20), hvor de abne ender af
hvert ror (14) er forbundet med en rerplade (22), og rerene (14) er anbragt vertikalt og placeret nedefter i
forhold til rerpladen (22), hvor skallen (12) er udstyret med mindst en indlebsdyse (26) og med mindst en
udlebsdyse (28), og hvor et trykkammer (30) er forbundet med rerpladen (22) pa den modsatte side af skallen
(12) og over skallen (12), hvor dampkammeret (30) er udstyret med en vaskeindlebsdyse (32) og en
dampudlebsdyse (36), hvor dampkammeret (30) indeholder en foringskappe (38), der, ved en forste ende (40)
deraf, er taet forbundet med rerpladen (22) eller de forste rordele (16) og, ved en anden ende (42) deraf, der
er modsat den forste ende (40), er aben, hvor foringskappen (38) opdeler dampkammeret (30) i en forste
sektion (44), der er indesluttet af foringskappen (38) og star i forbindelse med de forste rerdele (16), og en
anden sektion (46), der star i forbindelse med anden rerdele (18), hvor den forste sektion (44) og den anden
sektion (46) star i forbindelse med hinanden ved hjlp af den dbne ende (42) af foringskappen (38), og hvor
den forste sektion (44) er udstyret med et dampkammer (50), hvilken fremgangsmade omfatter

- indfering af et forste fluid (24) gennem skallens (12) indlebsdyse (26),

- indfering af et andet fluid gennem dampkammerets (30) vaskeindlobsdyse (32),

- opnaelse af en beholder (60) af det andet fluid med et vaskeniveau (48) i den forste sektion
(44),

- stromning af det andet fluid inde i rerene (14) under naturlig cirkulation for indirekte at
udfere en varmeveksling mellem det forste fluid (24) og fordampe det andet fluid under varmevekslingen,

- hvor vaskeniveauet (48) af det andet fluid er placeret under den abne ende (42) i den forste

sektion (44), hvor dampkammeret (50) befinder sig over vaskeniveauet (48),
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- udledning af det fordampede andet fluid gennem dampkammerets (30) dampudlebsdyse
(36),

- udledning af det forste fluid (24) gennem skallens (12) udlebsdyse (28).
13. Fremgangsmade ifolge krav 12, der omfatter udledning af det andet fluid ind i den forste sektion
(44), hvor en vaskedel af det andet fluid falder ned mod vaskeniveauet, og en dampdel af det andet fluid
bevager sig ind i dampkammeret (50).
14. Fremgangsmade ifolge krav 12 eller 13, hvor det andet fluid feres ind i den forste sektion (44).
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