SHELL AND TUBE HEAT EXCHANGER

The invention relates to a shell and tube heat exchanger having the features in the

preamble of claim 1.

A shell and tube heat exchanger can, e.g., be configured such that a cryogenic
medium flows into a lower cross-sectional half of a cylindrical heat exchanger, flows
through the heat exchanger in longitudinal direction, is deflected by 180° at the end
of the cylindrical heat exchanger, and flows back to the common tubesheet via a tube
bundle in the upper half of the heat exchanger. The semicircular tube fields of the
tubesheet have the consequence that the lower half of the tubesheet has a
correspondingly low temperature due to the cryogenic medium, while the second
semicircular tube field in the tubesheet is significantly warmer. The direct flow of
cryogenic media against the tubesheet leads to stress peaks within the tubesheet.
This also applies to heat exchangers in which the medium is not deflected, i.e. in

which the medium flows against the entire tubesheet.

The invention is based on the object to provide a shell and tube heat exchanger in
which the thermal stress on the tubesheet, the tube connection to the tube bundle

and the tube bundle is reduced.

This object is achieved in a shell and tube heat exchanger with the features of

claim 1.

The subclaims set forth advantageous refinements of the invention.

The shell and tube heat exchanger according to the invention includes a tube bundle
in a shell, with the shell having a first inlet and a first outlet for a first medium for
passage through the tube bundle. Furthermore, the shell has a second inlet and a
second outlet for a second medium for passage through a flow space within the shell



in surrounding relation to the tube bundle. The heat exchanger has tubesheets to
hold the tubes and to separate the two media from one another.

A separating body is arranged as a flow distributor between the first inlet and the
tubesheet. The function of the separating body is to prevent the first medium from
flowing directly against the tubesheet. In order for the first medium to still be able to
enter the tube bundle, inlet tubes are arranged on the separating body. The inlet
tubes bridge a compensation space between the separating body and the tubesheet
and protrude into the individual tubes of the tube bundle. By means of the individual
tubes, the first medium is conducted directly into the tubes while bypassing the

tubesheet. There is no direct flow against the tubesheet.

The fact that the separating body is directly exposed to the flow and significantly
cooled down, in particular when a cryogenic medium flows against it, has in
accordance with the invention no influence on the thermal stress in the tubesheet
because the tubesheet is decoupled from the separating body. The tubesheet is
connected directly to the separating body solely via the shell. The tubesheet, the tube
connections and also the tubes are relieved considerably.

The individual inlet tubes in particular are not firmly connected to the tubes of the
tube bundle. This compensates for thermal changes in length between the inlet tubes
and the tubes of the tube bundle. The separating body is used for thermal decoupling

from the tubesheet.

Shell and tube heat exchangers which have inlet and outlet located at one end of the
shell, while a deflection chamber is arranged at the other end of the shell, exhibit
greater thermally induced stress within the tubesheet due to their design. The
temperature gradient in the tubesheet is greater. For example, the temperature of a
cryogenic medium could be -160 °C at the first inlet and +50 °C at the first outlet. In
this case, the temperature difference within the tubesheet is over 200 °C.



It is therefore provided that the tubesheet is not divided into an upper half and a
lower half. The first inlet is connected to a first group of tubes of the tube bundle
which group is adjacent to a second group of tubes. The first group has an outer
enveloping surface which is predominantly, i.e. more than 50%, adjacent to an
enveloping surface of the second group. The second group can enclose or surround
the first group over more than 180° and in particular completely enclose it. The
second group of tubes is then essentially arranged in form of a ring around the first
group of tubes. In other words, a core area and an edge area are involved. The areas
are not necessarily strictly concentric. A distinction can essentially be made between
an inner group and an outer group of tubes, with the second group as outer group

having a larger proportion of tubes which are adjacent to the shell than the first, inner

group.

The first medium initially flows through the first group via an end-side deflection or
also a deflection chamber and after the deflection back again through the second
group. Both groups of tubes are also connected to a common tubesheet. However, a
more beneficial temperature gradient is realized compared to semicircular tube fields.
In the case of a cryogenic medium, the temperatures in the core area are much lower
than in the edge area to the transition to the shell. The temperature gradient runs in a
star shape between the core area and the outer areas. In combination with the
separating body, which serves as a flow distributor and which protects the core area
of the tubesheet from directly being flowed at, it is achieved that the tubesheet is
significantly shielded with the arrangement of the groups of tubes according to the
invention and is therefore exposed to significantly lower thermally induced stress than
with an arrangement with semicircular tube patterns. This is of particular advantage
when using cryogenic gases or liquid nitrogen, because stress peaks are capped. A
radial temperature gradient, instead of a temperature gradient extending from the
edge to across the center, also results in a more favorable stress distribution within
the tube bundle.



Because there is no need for separating structures within the heat exchanger (inlet)
chamber, there is another advantage in that a greater number of tubes by approx.
20% can be installed within the tubesheet or the cylindrical shell while maintaining
the same nominal diameter. Smaller nominal diameters considerably reduce the
required wall thicknesses for high pressure applications. Likewise, this means a
reduction in the outer diameter of the heat exchanger while the number of tubes is

the same. As a result, the mass and the manufacturing costs can be reduced.

According to an advantageous refinement of the invention, the inlet tubes extend
over at least half a thickness of the tubesheet. The thickness is measured between
an upstream side and a downstream side of the tubesheet, in relation to the flow
direction of the first medium. The inlet tubes preferably completely traverse the
tubesheet, so that the first medium, e.g. a cryogenic medium with a very low
temperature, is introduced away from a fastening point of the tubes in the tubesheet.
The tubes can be welded to the tubesheet. Due to the better accessibility, the tubes
are welded to the tubesheet from the upstream side. As the inlet tubes bridge these
upstream connection points of the tubes and conduct the especially cryogenic
medium deeply into the tubes of the tubesheet, the connection points between the

tubes and the tubesheet are additionally relieved.

According to a further preferred configuration of the invention, the shell and tube heat
exchanger is designed as a double-tube safety heat exchanger. In a double-tube
safety heat exchanger, the tubes which carry the first medium are respectively
arranged in an outer tube. The second medium only comes into contact with the
outer tube. The first medium only comes into contact with the inner tube. A leakage
space which can be monitored is located between the inner tube and the outer tube.
The outer tubes are fastened in a tubesheet for the outer tubes. The leakage space
is located on the downstream side of the tubesheet for the inner tubes. The
tubesheets are arranged at a distance from one another so as to establish a common

leakage space that can be monitored and is connected to all the intermediate spaces



between the inner and outer tubes. This leakage space can also be used as a test
space to monitor the pressure of a test medium in the leakage space.

According to an advantageous configuration of the invention, provision is made for a
further separating body which serves as a flow collector and which, viewed in the flow
direction of the first medium, is arranged behind an outlet-side tubesheet and
anteriorly of the first outlet. This design relates to a shell and tube heat exchanger in
which the first inlet is located at one end of an especially cylindrical shell and the first
outlet is located at the opposite end of the cylindrical shell. In such a design, the first
medium is therefore not deflected into an end-side collecting chamber. The provision
of a separating body may also be useful during discharge from such a shell and tube
heat exchanger in order to reduce stress peaks at the tubesheet. The separating
body has discharge tubes which are fluidly connected to the tubes that carry the first
medium in order to guide the first medium through the outlet-side tubesheet and the
separating body to the first outlet. There is a compensation space between the
separating body and the tubesheet in order to compensate for diverging thermal
changes in length of the discharge tubes with respect to the tube bundle and the
tubesheet. Advantageously, a mirror-image arrangement is involved for the
configuration on the inlet side of the shell and tube heat exchanger. Both ends of the

shell and tube heat exchanger can consequently be configured identically.

According to a refinement of the invention, a collecting chamber is arranged
anteriorly of the inlet-side tubesheet. The second group of tubes feeds into this
collecting chamber. The first outlet is connected to the collecting chamber. The
collecting chamber has an essentially ring-shaped configuration. It can be delimited
from the compensation space in a fluid-tight manner. The collecting chamber is
preferably connected to the compensation space in a fluid-conducting manner. The
compensation space is preferably used not only to compensate for thermal changes
in length between the separating body and the tubesheet, but also to accommodate
leakages caused by having the inlet tubes preferably longitudinally displaceable in



the tubes of the tube bundle. Preferably, the inlet tubes are only inserted with play
into the tubes that carry the first medium, wherein a narrow annular gap remains
which is sufficient to compensate for thermally induced changes in length. However,
there is a limited leakage flow to the compensation space, especially with gaseous
media. The compensation space is accordingly filled with the leakage flow of the first

medium.

In a particularly advantageous manner, the compensation space is at the same time
a component of the collecting chamber for the medium flowing back. The leakage
flows are normally so small that they can be neglected. Sealants can be arranged

between the inlet tubes and the tubes of the tube bundle.

It is regarded as particularly favorable, when the inlet tubes completely traverse the
separating body and are connected to the separating body on the inlet side. The
separating body is a separate component which is preferably welded into the shell.
The inlet tubes are in turn connected to the separating body, preferably on the inflow
side, i.e. on their side facing the first inlet. They are, for example, materially
connected to the separating body. The production is comparable to the production of
a tube bundle that is connected to a tubesheet. Accordingly, the separating body can
be designed like a tubesheet as a disk-shaped body which has a plurality of openings
into which the inlet tubes are inserted. The same applies to the structure of a
separating body used as a flow collector and mounted on the outlet side of a tube

bundle through which there is a unidirectional flow in the longitudinal direction.

The invention makes it possible for the first inlet to be directly opposite the separating
body if necessary. The direct flow against the separating body is harmless to the
thermal stress within the shell and tube heat exchanger and in particular within the
tube bundle due to the only indirect flow against the tubesheet or tube bundle. Of

course, the invention does not exclude an arrangement of the inlet at an angle other



than 180° in relation to the separating body, so that the inflowing first medium is
deflected.

It is considered advantageous to feed the inlet into an inflow chamber. It may,
optionally, be expanded in the shape of a funnel. There is no need for the cross
section of the inlet to correspond to the cross section of the tube bundle or the one of
the separating body. The inflow chamber serves to disperse the inflowing medium
evenly over all openings in the separating body or the individual inlet tubes and thus

evenly across the tube bundle.

The invention is described in more detail hereinafter with reference to Figures 5
to 11. The other Figures 1 to 4 described hereinafter are used only to illustrate the
claimed invention and do not involve embodiments of the invention. The drawings

show schematically illustrated exemplary embodiments. It is shown in:

Figure 1 a longitudinal section of a first design of a shell and tube heat

exchanger (prior art);

Figure 2 a longitudinal section of the end region of a shell and tube heat

exchanger according to a first design (one-way version);

Figure 3 a longitudinal section into the end region of a shell and tube heat

exchanger according to a second design;

Figure 4 a longitudinal section of a shell and tube heat exchanger with an
end-side deflection chamber (prior art);

Figure 5 a longitudinal section through the end region of a heat exchanger in a

first embodiment of the invention (multi-way version);



Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

an end view of a tubesheet of a heat exchanger according to the

invention;

a longitudinal section through an end region of a heat exchanger in a

further embodiment (multi-way version);

a longitudinal section of a further exemplary embodiment through the
end region of a shell and tube heat exchanger according to a further

embodiment (multi-way version);

a view of a head piece of the shell and tube heat exchanger according

to Figure 8 from the direction of view of the tube bundle;

an end view of a separating body according to the exemplary

embodiment of Figure 8; and

an end view of a tubesheet of a shell and tube heat exchanger

according to the design of Figure 8.

Figure 1 shows a shell and tube heat exchanger 1 according to the prior art. On the

basis of this shell and tube heat exchanger 1, the essential components are

designated which can also be found in the following designs according to the

invention starting from Figure 5.

The shell and tube heat exchanger 1 includes a shell 2. The shell 2 is cylindrical. The

shell 2 has a first inlet 3 in the image plane on the left and a first outlet 4 in the image

plane on the right for a first medium M1 which flows into the first inlet 3 and flows out

of the first outlet 4. The first medium M1 is conducted through a tube bundle 5. For

better illustration, only a single tube 6 of the tube bundle 5 is depicted.



The tube bundle is surrounded by a flow space 7 for a second medium M2. The
second medium M2 flows in the image plane on the right via a second inlet 8 through
the flow space 7 to the second outlet 9 at the other end of the shell 2. The second
medium M2 is hereby deflected several times within the shell 2. For this purpose,
baffles 10 are arranged in the shell 2 so that the flow path of the second medium M2
is lengthened. The second medium M2 does not come into contact with the first
medium M1. For this purpose, the tubes 6 of the tube bundles 5 are fastened in
tubesheets 11 at the first inlet and to a tubesheet 12 at the first outlet 4. In this
exemplary embodiment, the shell and tube heat exchanger is designed as a double-
tube safety heat exchanger. For this purpose, each tube 6 is surrounded by an outer
tube which is connected in a second tubesheet 13 at the first inlet 3 or a second
tubesheet 14 at the first outlet 4. The intermediate space between the
tubesheets 11, 13 or 12, 14 can be monitored for leak detection. For this purpose,
the tubesheets 11, 13 or 12, 14 are located at a small distance from one another.

Figure 2 shows a shell and tube heat exchanger 15. In this shell and tube heat
exchanger 15, the reference numerals mentioned in relation to Figure 1 continue to
be used for components that are essentially structurally identical. The shell and tube
heat exchanger 15 includes a cylindrical shell 2 with a first inlet 3 for the first
medium M1. Inside the cylindrical shell 2, a tube bundle 5 extends through a flow
space 7 for a second medium, not shown in detail, which can flow into and out of the
shell 2 via the second inlet 8 or second outlet 9 shown in Figure 1. The tubes 6 of the
tube bundle 5 are secured in a tubesheet 11. In addition, a separating body 16 is
located between the tubesheet 11 and the inlet 3. It serves as a flow distributor, as
illustrated by the fan-like arrows in a funnel-shaped widening inflow chamber 17 in a
head piece 35 of the shell 2. The head piece 35 is welded to the tubesheet 11 and
the tubesheet 11 is in turn welded to the cylindrical part of the shell 2. The entire shell
and tube heat exchanger 15 is cylindrical. The tubesheet 11, the separating body 16
and the associated head piece 35 are therefore also cylindrical in this exemplary
embodiment. The separating body 16 is configured in a disk shape and has several



through openings in which the inlet tubes 18 extend. The inlet tubes 18 are arranged
in alignment with the tubes 6, so that an inlet tube 18 is respectively aligned opposite
the tube 6 of the tube bundle 5 in the axial direction. The inlet tubes 18 all have the
same length. They extend through the separating body 16 and bridge a gap-shaped
compensation space 19 anteriorly the tubesheet 11. They extend up to a
downstream side 20 of the tubesheet 11 and thus also traverse the entire
tubesheet 11.

When the medium M1 flows into the inflow chamber 17 through the one first inlet, the
flow is only directly against the separating body 16 or the inlet tubes 18 arranged
therein. There is no direct flow against the tubesheet 11. The medium M1 only enters
the tube bundle 5 on the downstream side of the tubesheet 11. To compensate for
thermal changes in length, the inlet tubes 18 are longitudinally displaceable relative
to the tubes 6 of the tube bundle 5. Any leakage flows are caught in the
compensation space 19. Here they cannot escape because the compensation
space 19 is bounded on the one hand by the separating body 16 and
circumferentially by the head piece 35. The first medium M1 can only flow into the
tubes 6 of the tube bundle 5.

Figure 2 shows that the tubes 6 of the tube bundle 5 are fixed on an upstream
side 21 of the tubesheet 11, in particular by welding. The inlet tubes 18 are also fixed
on the inlet side on a front side 22 of the separating body 16 in facing relation to the

first medium M1.

The design of Figure 3 differs from the one of Figure 2 in that the shell and tube heat
exchanger 23 is designed as a double-tube safety heat exchanger. With regard to the
basic mode of operation, reference is made to the descriptions relating to Figure 2.
The reference signs introduced there for Figure 3 are also adopted. In addition, the
design of Figure 3 has an outer tube 24 for each tube 6 carrying the medium M1,
which outer tube is secured in the inlet-side tubesheet 13 (see Figure 1). A leakage
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space which can be monitored is located between the outer tube 24 and the
respective inner tube 6. Since the tubesheet 13 for the outer tubes 24 is arranged at
a small distance from the tubesheet 11 for the tubes 6 of the tube bundle 5, a
leakage monitoring can be carried out. For this purpose, the intermediate space 25 is
connected to the leakage space between the tube 6 for the medium M1 and the outer
tube 24. The leakage monitoring is not shown.

In contrast to the design in Figure 2, the inlet tubes 18 also extend through the
second tubesheet 13 for the outer tubes 24. Accordingly, the inlet tubes 18 end on
the downstream side 26 of the second tube sheet 13. All other structural features are

identical to the exemplary embodiment in Figure 2.

Figure 4 shows a further prior art shell and tube heat exchanger 27. The essential
difference compared to the shell and tube heat exchanger of Figure 1 is that the shell
and tube heat exchanger 27 has a deflection chamber 28 in the image plane on the
right, with the first inlet 3 and the first outlet 4 for the first medium M1 being arranged
in the image plane on the left. The shell 2 is cylindrical. Accordingly, a circular tube
pattern results here in tubesheet 11. The shell and tube heat exchanger 27 is again
designed as a double-tube safety heat exchanger, so that there is also a second
tubesheet 13 for each of the outer tubes, which are not shown in detail. In this
exemplary embodiment, the second medium M2 enters via the first inlet 8. Like in the
first design, the first outlet 4 is arranged adjacent to the first inlet 8. Only the first
inlet 3 is arranged at a distance from the second outlet 9. Located at the inlet-side
end in the image plane on the left is a partition plate 30 in a chamber 29 in order to
separate the medium M1 inflowing from below from the medium M1 outflowing
above.

In a shell and tube heat exchanger of this type - regardless of whether it is designed

as a double-tube safety heat exchanger or as a single-tube heat exchanger -
provision may be made for an additional separating body 16, as shown in the
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exemplary embodiments in Figures 5 and 7. The separating body 16 does not differ
from the one of the exemplary embodiment in Figures 2 and 3. The tubesheet 11 is
also configured identically. However, the head piece 32 is configured differently. The
medium M1 flows into the head piece 32 via the first inlet 3, then flows through the
inflow chamber 17 in order to enter the individual inlet tubes 18 in the separating
body 16. The medium M1 now flows into the tubes 6 of the tube bundle 5. However,
in contrast to the exemplary embodiment in Figure 1, the medium M1 only flows into
a first group G1 of tubes 6. These are those tubes 6 into which the inlet tubes 18
extend. They form the core of the tube bundle 5, in which all arrows in P1 (flow
direction of M1) in the image plane run from left to right. The tubes 6 of the first
group G1 feed into a deflection chamber as designated by reference numeral 28 in
Figure 4. A tubesheet 12 is also arranged there, so that the first medium M1 flows out
of the core area and is directed into those tubes 6 which surround the first group G1
of tubes 6. This is the second group G2 of tubes 6. This second group G2 is located
radially outside the first group G1. As far as possible, this second group G2

surrounds the first group G1 virtually about the circumference.

Figure 6 shows an example of a tube field in the direction of view upon the end face
of a tubesheet 11. The first group G1 of tubes 6 is marked with an X. The first
medium M1 flows into these tubes 6 into the image plane. It is deflected behind the
second tubesheet 12 and flows back again via the tubes 6 of the second group G2.
These tubes 6 are marked with a point in the center. The point illustrates the opposite
flow direction. Figure 6 also shows an enveloping surface 37 of the first group G1.
The enveloping surface 37 surrounds the first group G1 of tubes 6. It is shown with a
broken line. It does not physically exist, but merely designates a boundary between
the first group G1 and the second group G2. In addition, it is apparent from the
enveloping surface 37 that it is adjacent to an enveloping surface of the second
group G2 by more than 50%. The inner enveloping surface of the second group G2
corresponds to the outer enveloping surface 37 of the inner group G1. They are
congruent above one another. The two enveloping surfaces are therefore not only
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partly adjacent, but rather the enveloping surface of the second group G2 surrounds
the enveloping surface 37 of the first group G1.

The returning medium M2 flows out of the tubes 6 of the second group G2 into a
collecting chamber 33. This collection chamber 33 has a ring-shaped configuration.
All tubes 6 of the outer or second group G2 feed into the collecting chamber 33. The
collecting chamber 33 in the head piece 32 is connected to the first outlet 4 for the
medium. In this case, the first outlet is located in the image plane above. There is no
need for a partition plate, as in the exemplary embodiment in Figure 4. The
separating body 16 separates the returning medium M1 from the inflowing medium.
In addition, the separating body 16 is predominantly situated within the collecting
chamber 33 and is swept around by the returning medium M1 in the collecting
chamber 33. At the same time, the compensation space 19 is also located within the
collecting chamber 33. The compensation space 19 is connected to the collecting
chamber 33 in a fluid-conducting manner, so as to enable any leakage flows to
transition from the compensation space 19 into the collecting chamber 33 and to also

flow off via the first outlet 4 for the first medium M1.

The exemplary embodiment in Figure 7 differs from the one in Figure 5 only in the
installation of a second tubesheet 13, which is connected to corresponding outer
tubes 24. Otherwise, reference is made to the description of Figure 5 and the
reference numerals introduced there and to the preceding description of Figure 3,
which also shows the design as a double-tube safety heat exchanger. The shell and
tube heat exchanger 34 according to Figure 7 is thus a combination of the design of

Figures 5 and 3.

Figure 8 shows a further exemplary embodiment with a head piece 36 of different
configuration. In this exemplary embodiment, the first inlet 3 is not positioned directly
opposite the separating body 16. The first inlet 3 is located at the end face
eccentrically and essentially in the lower half of the head piece 36. The first inlet 3
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leads into the inflow chamber 17 via a feed line. In this exemplary embodiment, the
inflow chamber 17 is not arranged centrally in the head piece 36, but rather arranged
eccentrically. It is predominantly located in the lower half of the head piece 36. In
contrast to the other exemplary embodiments, it is also not funnel-shaped, but in this
sectional view rectangular and essentially matches the tube pattern of the tubesheet
in Figure 9.

Figure 9 shows the head piece 36 by way of a view upon the inflow chamber 17 from
the direction of view of the tube bundle. The inflow chamber 17 is configured from
this viewing direction essentially semicircular or semi-cylindrical with rounded
corners. The access to the first inlet 3 is located in the lower area of the inflow
chamber 17. The passage to the first outlet 4 (Figure 8) is connected to the collecting
chamber 33 in the upper area. The collecting chamber 33 is essentially circular and

surrounds the inflow chamber 17 about the circumference.

Figure 10 shows a detailed illustration of the separating body 16. It is inserted into
the inflow chamber 17 of Figure 9. The assembly situation is shown in Figure 8. In
the installed position, the separating body 16 is welded to the inflow chamber 17 in a
fluid-tight manner about the circumference and closes it off against the collecting
space 33. The inlet tubes 18 are inserted into the individual through openings 38 in

the separating body 16, as can be seen in Figure 8.

The drilling pattern of the through openings 38 in the separating body 16 corresponds
to the hole pattern in the tubesheet 11 according to Figure 11. Like in the exemplary
embodiment in Figure 6, the tubes 6 marked with X designate the tubes of the first
group G1. Figure 11 shows an enveloping surface 37 as boundary between the first
group G1 and the second group G2. The inner enveloping surface of the second
group G2 is identical to the outer enveloping surface 37 of the first group G1. The
difference to the exemplary embodiment in Figure 6 resides in the offset arrangement
to the underside of the image plane 11 of the first group G1 in relation to the second
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group G2. When using cryogenic media, this arrangement of the tubes 6 or the
placement of the groups G1, G2 can be of advantage.

The first group G1 of tubes 6 is predominantly located in the lower half of the
tubesheet 11. This exemplary embodiment makes it clear that the two groups G1, G2
of tubes 6 do not have to be arranged concentrically, but that tubes 6 of the second
group G2 are arranged at least about the major circumferential area of the first
group G1. In the event, space constraints render it impossible to arrange lateral
tubes 6 of the second group G2 next to the tubes 6 of the first group G1, as is the
case, for example, in the horizontal plane, then these positions in the tubesheet 11
remain free. In this case, the distance of the tubes 6 of the first group G1 from the
edge of the tubesheet 11 or the distance from the inside of the enclosing shell 2 is

greater than the distance of the outer tubes 6 of the second group G2 to the shell 2.

In an embodiment not shown in greater detail, it would even be possible to assign the
two lowermost tubes to group G1 in the tube pattern in Figure 11, i.e. to use them as
inflow tubes. Also in this case, three sides and thus the predominant part of the
tubes 6 of the first group G1 would be surrounded on the outside by the second

group G2 in relation to their common enveloping surface.
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References Signs:

1-
2.
3-
4 -
5 -
6 -
7 -
8 -
9-

10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -
21 -
22 -
23 -
24 -
25 -
26 -
27 -
28 -

shell and tube heat exchanger
shell

first inlet

first outlet

tube bundle

tube of 5

flow space

second inlet

second outlet

baffle plate

tubesheet

tubesheet

tubesheet for outer tube
tubesheet for outer tube

shell and tube heat exchanger
separating body

inflow chamber

inlet tube

compensation space
downstream side of 11
upstream from 11

front side of 16

shell and tube heat exchanger
outer tube

intermediate space between 11 and 13
downstream side of 13

shell and tube heat exchanger
deflection chamber
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29 - chamber

30 - partition plate

31 - shell and tube heat exchanger
32 - head piece

33 - collection chamber

34 - shell and tube heat exchanger
35 - head piece

36 - head piece

37 - enveloping surface of G1

38 - through opening in 16

G1 - first group of tubes 6
G2 - second group of tubes 6
P1 - arrow

M1 - first medium

M2 - second medium

17



Claims

Shell and tube heat exchanger with a tube bundle (5) in a shell (2), wherein the
shell (2) has a first inlet (3) and a first outlet (4) for a first medium (M1) for
passage through the tube bundle (5) and a second inlet (8) and a second
outlet (9) for a second medium (M2) for passage through a flow space (7) within
the shell (2) in surrounding relation to the tube bundle (5), wherein the ends of
the tube bundles (5) are arranged in a tubesheet (11), which separates the flow
space (7) for the second medium (M2) from the first medium (M1), wherein
arranged between the first inlet (3) and the tubesheet (11) is a separating
body (16) as a flow distributor which prevents the first medium (M1) from flowing
against the tubesheet (11) and which has inlet tubes (18) which bridge a
compensation space (19) between the separating body (16) and the
tubesheet (11) and which protrude into the individual tubes (6) of the tube
bundle (5) in order to direct the first medium (M1) into the tubes (6) while
bypassing the tubesheet (11), characterized in that the first inlet (3) is connected
to a first group (G1) of tubes (6) of the tube bundle (5) wherein the first
group (G1) has an outer enveloping surface (37) which is predominantly
adjacent to an enveloping surface of a second group (G2) of tubes (6) which is
fluidly connected to the first group (G1) of tubes (6), and wherein the first
outlet (4) is connected to the second group (G2) of tubes (6).

Shell and tube heat exchanger according to claim 1, characterized in that the
inlet tubes (18) extend over at least half a thickness of the tubesheet (11),
wherein the thickness is measured between an upstream side and a
downstream side (20) of the tubesheet (11), in relation to the flow direction of
the first medium (M1).

Shell and tube heat exchanger according to claim 1 or 2, characterized in that it

is designed as a double-tube safety heat exchanger in which the tubes (6)
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carrying the first medium (M1) are each arranged in an outer tube (24) so that a
monitorable leakage space is arranged between the inner tube (6) and the outer
tube (24), wherein a tubesheet (13) for the outer tubes (24) is arranged on the
downstream side (20) of the tubesheet (11) for the tubes (6) carrying the first
medium (M1).

Shell and tube heat exchanger according to one of the claims 1 to 3,
characterized in that, viewed in the flow direction of the first medium (M1), a
further separating body is arranged as a flow collector behind an outlet-side
tubesheet (12) and the first outlet (4) and has discharge tubes which are
connected in a fluid-conducing manner to the tubes (6) carrying the first
medium (M1) in order to conduct the first medium (M1) through the outlet-side

tubesheet (12) and the separating body to the first outlet (4).

Shell and tube heat exchanger according to claim 1, characterized in that
arranged between the inlet-side separating body (16) and the inlet-side
tubesheet (11) is a collecting chamber (33), into which the second group (G2) of
tubes feeds, wherein the first output (4) is connected to the collecting
chamber (33).

Shell and tube heat exchanger according to one of the claims 1 to 5,
characterized in that the inlet tubes (18) are arranged to be longitudinally
displaceable in the tubes (6) carrying the first medium (M1), wherein any
leakage flow is collectable in the compensation space (19) between the
separating body (16) ) and the tubesheet (11).

Shell and tube heat exchanger according to claim 6, characterized in that the

compensation space (19) is connected to the collecting chamber (33) in a

fluid-conducting manner.
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Shell and tube heat exchanger according to one of the claims 1 to 7,
characterized in that the inlet tubes (18) completely traverse the separating

body (16) and are connected to the separating body (16) on the inlet side.

Shell and tube heat exchanger according to one of the claims 1 to 8,
characterized in that the first inlet (3) feeds into an inflow chamber (17).
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ABSTRACT
SHELL AND TUBE HEAT EXCHANGER

The invention relates to a tube bundle heat exchanger having a tube bundle (5) in a
housing (2), wherein the housing (2) has a first inlet (3) and a first outlet (4) for a first
medium (M1) for passage through the tube bundle (5) and a second inlet and a
second outlet for a second medium for passage through a flow chamber surrounding
the tube bundle (5) within the housing (2), wherein the ends of the tube bundle (5)
are arranged in a tube bottom (11), which separates the flow chamber for the second
medium from the first medium (M1). A separating body (16) is arranged as a flow
distributor between the first inlet (3) and the tube bottom (11), which separating body
prevents the first medium (M1) from flowing against the tube bottom (11) and has
feed tubes (18), which bridge a compensating chamber (19) between the separating
body (16) and the tube bottom (11) and protrude into the individual tubes (6) of the
tube bundle (5) in order to conduct the first medium (M1) into the tubes (6),
bypassing the tube bottom (11). The first inlet (3) is attached to a first group of
tubes (6), the group having an enveloping surface, which is adjacent primarily to a
second group of tubes (6) and is attached to the first outlet (4).

[Fig. 5]
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