
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
65

0 
79

4
A

1
*EP003650794A1*

(11) EP 3 650 794 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.05.2020 Bulletin 2020/20

(21) Application number: 18204873.6

(22) Date of filing: 07.11.2018

(51) Int Cl.:
F28D 7/00 (2006.01) F28D 9/00 (2006.01)

F28D 7/16 (2006.01)

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

(71) Applicant: Johnson Controls Denmark ApS
8270 Højbjerg (DK)

(72) Inventors:  
• STUBKIER, Simon

8600 Silkeborg (DK)
• SKOV, Per

8320 Mårslet (DK)
• BUNDE-PEDERSEN, Christian Per

8270 Højbjerg (DK)
• DREMARK-LARSEN, Morten

8600 Silkeborg (DK)

(74) Representative: Patentgruppen A/S
Aaboulevarden 31, 4
8000 Aarhus C (DK)

(54) A SHELL HEAT EXCHANGER AND USE OF A SHELL HEAT EXCHANGER

(57) Disclosed is a shell heat exchanger (1) compris-
ing a plate heat exchanging section (2) which comprises
a stack of corrugated heat transfer plates (3), and a tube
heat exchanging section (4) which comprises a plurality
of heat exchanging tubes (5), wherein the plate heat ex-
changing section (2) and the tube heat exchanging sec-
tion (4) are arranged separate from each other and
wherein the plate heat exchanging section (2) and the
tube heat exchanging (4) are enclosed inside the same
common heat exchanger shell (6).

Furthermore, use of a shell heat exchanger (1) for
exchanging heat between at least two mediums wherein
the pressure of at least one of the mediums is different
from the pressure surrounding the shell heat exchanger
(1).
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Description

Field of the invention

[0001] The invention relates to a shell heat exchanger
comprising a plate heat exchanging section which com-
prises a stack of corrugated heat transfer plates. The
invention further relates to use of a shell heat exchanger.

Background of the invention

[0002] Heat exchangers are commonly used for trans-
ferring heat between two or more fluids e.g. in cooling or
heating processes in connection with refrigeration, air
conditioning, chemical plants, power stations or other in-
dustrial applications.
[0003] The simplest heat exchanger may be arranged
such that a first fluid and a second fluid flow in a parallel
flow or in a counter flow and wherein the fluids are sep-
arated by a plate. Due to the temperature difference, en-
ergy may be transferred across the plate from the first
fluid to the second fluid at a rate depending on the tem-
perature difference, fluid velocity, contact area, thermal
conductivity of the separating wall etc. Thus, in order to
increase the heat transfer rate and thereby the efficiency
of the heat exchanger, engineers design heat exchang-
ers wherein these variables are carefully considered. As
an example, a plate heat exchanger is designed such
that (among others) a large contact area for increasing
the heat transfer rate is obtained. This is achieved by
pressing a plurality of plates together to form a compact
plate stack. wherein the individual plates are usually sep-
arated by a sealing gasket. Since some heat exchangers
are used for evaporating or condensing a refrigerant in
connection with e.g. a refrigeration cycle, the pressure
inside the plate heat exchanger may be higher or lower
than the surroundings such that the refrigerant is able to
evaporate/condense. However, constructing a plate heat
exchanger for these circumstances is expensive and if
the difference between the inside pressure of the plate
heat exchanger and the surrounding pressure is too
large, the sealing gaskets may malfunction as a result of
the pressure difference and thereby the efficiency of the
plate heat exchanger is negatively affected. Thus, it is
known to arrange a plate heat exchanger inside an en-
closed shell to form a plate-and-shell heat exchanger.
The enclosed shell is able to withstand e.g. large pres-
sure difference between the surroundings and the inside
of the shell and arranging the plate heat exchanger inside
the shell therefore enables use of a plate heat exchanger
under large pressure difference. However, in some em-
bodiment’s further elements such as coalescers, demist-
ers, pipework, filters, filler elements or other additional
elements are also needed inside the shell of the shell
heat exchanger e.g. to provide additional functionality to
the shell heat exchanger. However, this can be difficult
if the plate stack is fully enclosed by shell.
[0004] Thus, from EP 1 479 985 B1 it is known to form

the plates so that the plate stack only occupies a part of
the space inside the shell. However, manufacturing tools
for heat transfer plates are expensive and the plates are
therefore typically only formed in a few different sizes
making it difficult to efficiently utilize the space inside the
shell.
[0005] It is therefore an object of the present invention
to provide for a more efficient shell heat exchanger.

The invention

[0006] The invention provides for a shell heat exchang-
er comprising a plate heat exchanging section which
comprises a stack of corrugated heat transfer plates and
a tube heat exchanging section which comprises a plu-
rality of heat exchanging tubes. The plate heat exchang-
ing section and the tube heat exchanging section are
arranged separate from each other. Furthermore, the
plate heat exchanging section and the tube heat ex-
changing are enclosed inside the same common shell.
[0007] Providing a shell heat exchanger with both a
plate heat exchanging portion and a tube heat exchang-
ing portion inside the same pressure vessel is advanta-
geous in that a plurality of heat exchanging pipes may
be dispersed in the free and unused space surrounding
the stack of heat exchanging plates of the plate heat ex-
changing section, whereby the capacity and the efficien-
cy of the shell heat exchanger is increased.
[0008] Combining heat transfer plates and heat trans-
fer tubes in the same shell is further advantageous in that
a plurality of possible setups of heat exchanging func-
tions of the shell heat exchanger may be achieved, such
as condenser and/or evaporator applications in one unit
and separating the tube heat exchanging section and the
plate heat exchanging section from each other is advan-
tageous in that a first refrigerant may flow around the
tubes in the tube heat exchanging section and a second
refrigerant may flow around the heat transfer plates in
the plate heat exchanging section, hereby enabling a
shell heat exchanger with multiple heat exchanging func-
tions and high adaptability to operational requirement is
obtained.
[0009] In this context, the term "tube heat exchanging
section" should be understood as a portion of the space
inside the shell heat exchanger, wherein heat is ex-
changed through the wall of a tube, pipe, cylinder or tu-
bular structural element suited for conducting a fluid, gas,
a finely divided solid or other.
[0010] In this context, the term "plate heat exchanging
section" should be understood as a portion of the space
inside the shell heat exchanger, wherein heat is ex-
changed through the wall of a heat transfer plate, disc,
sheet or other.
[0011] In an aspect of the invention, the shell has a
tubular shape and wherein the tubular shell is closed at
both ends.
[0012] Constructing the shell in a substantially tubular
shape which is closed at both ends is advantageous in
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that the shell heat exchanger may withstand a large pres-
sure difference between the inside of the shell and the
surroundings.
[0013] In an aspect of the invention, the stack of cor-
rugated heat transfer plates is arranged to extend sub-
stantially the entire length of the tubular shell.
[0014] Arranging the plate stack such that it extends
the entire length of the shell is advantageous in that the
full length of the tubular shell is utilized for heat transfer
whereby the capacity and efficiency of the heat exchang-
er is enhanced.
[0015] In an aspect of the invention, the tube heat ex-
changing section is arranged to extend substantially the
entire length of the tubular shell.
[0016] Arranging the tubes so that they extend the en-
tire length of the shell is advantageous in that the full
length of the tubular shell is utilized for heat transfer
whereby the capacity and efficiency of the heat exchang-
er is enhanced.
[0017] In an aspect of the invention, the plurality of heat
exchanging tubes are substantially running in parallel.
[0018] Forming the pipe to run in parallel is advanta-
geous in that they hereby may be dispersed evenly and
compact inside the shell heat exchanger and whereby
the space inside the shell heat exchanger is utilized ef-
fectively resulting in even heat transfer throughout the
length of the shell heat exchanger. Furthermore, arrang-
ing the heat exchanging tubes such that they are sub-
stantially running in parallel is advantageous in that the
flow disturbance through the shell is minimized.
[0019] In an aspect of the invention, the plurality of heat
exchanging tubes are arranged to extend in a longitudinal
direction of the shell.
[0020] Making the tubes extend in the longitudinal di-
rection of the shell is advantageous in that the tubes can
be formed longer and with fewer bends thus reducing
pressure loss and cost.
[0021] In an aspect of the invention, the plurality of heat
exchanging tubes are arranged to extend transversely in
relation to a longitudinal direction of the shell.
[0022] Arranging the plurality of heat exchanging tubes
such that they extend transversely in relation to a longi-
tudinal direction of the shell is advantageous in that the
heat exchanging tubes are arranged such that the sur-
rounding fluid flows in a cross-flow in relation to the heat
exchanging tubes which enhances the heat transfer and
thereby the capacity and the efficiency of the shell heat
exchanger.
[0023] In an aspect of the invention, the plate heat ex-
changing section comprises a first flow channel through
the shell, wherein the tube heat exchanging section com-
prises a second flow channel through the shell. Further-
more, the first flow channel is separate from the second
flow channel.
[0024] Arranging plate stack and tubes with separate
flow channels is advantageous in that a first fluid may
flow through the first flow channel and a second fluid may
flow through the second flow channel without intermixing

with each other and/or the fluid flowing around the heat
exchanging tubes and the heat transfer plates. Further-
more, the first fluid may be led to an installation and used
for one purpose and the second fluid may be led to an-
other installation and used for another purpose. This is
advantageous in that a shell heat exchanger with a plu-
rality of heat exchanging functions and high adaptability
to different operating requirements is obtained.
[0025] In an aspect of the invention, the tube heat ex-
changing section comprises a support structure arranged
to mutually fixate the plurality of heat exchanging tubes,
wherein the support structure is arranged to be a flow
director in relation to the plate heat exchanging section.
[0026] Providing the tube heat exchanging section with
a support structure which is arranged to fixate the tubes
is advantageous in that the tubes are fixated such that
e.g. flow-induced vibrations of the heat exchanging tubes
arising from the flow inside the tubes are reduced. Fur-
thermore, arranging the support structure as a flow di-
rector allows obstructing the fluid flow such that multiple
passes through the plate heat exchanging section inside
the shell can be achieved whereby the fluid flowing
around the tube heat exchanging section and plate heat
exchanging section flows substantially concurrent in
some parts of the heat exchanger and substantially
crossflow in other parts of the heat exchanger whereby
the heat transfer and thereby the capacity and efficiency
of the heat exchanger is enhanced. And forming the sup-
port structure as a flow director is advantageous in that
it saves space and material and simplifies manufacturing.
[0027] Furthermore, the support structure may induce
adequate turbulence in the fluid flowing around the tubes
and plates such that the heat transfer and thereby the
capacity and efficiency of the heat exchanger is en-
hanced.
[0028] In an aspect of the invention, the shell heat ex-
changer further comprises a separator arranged inside
the shell to at least partially separate a medium flowing
through the shell heat exchanger.
[0029] Placing a separator inside the shell is advanta-
geous in that the separator thereby does not have to be
arranged in its own shell and in that piping and costs are
reduced. Also, arranging a separator inside the shell is
advantageous in that impurities which affect the heat
transfer rate and/or functionality of the shell heat ex-
changer are separated from the flow. Hereby the efficien-
cy of shell heat exchanger is enhanced.
[0030] In an aspect of the invention, the separator is a
liquid separator
[0031] Providing the shell heat exchanger with a liquid
separator is advantageous in that liquids, which may not
effectively contribute to the transfer of heat, is separated
from the fluid flow whereby the heat transfer and efficien-
cy of the shell heat exchanger is enhanced. The sepa-
rated liquid, which could be oil originating from a lubrica-
tion system of for example a compressor, may be redi-
rected back to the lubrication system such a substantially
fixed amount of oil is circulated in the system. This is
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advantageous in that refilling of oil in the lubrication circuit
and oil leak to the surroundings is minimized.
[0032] Furthermore, it is advantageous to separate liq-
uids from the fluid flow in order to avoid damage in the
compressor due to the incompressibility of the liquids
which may therefore damage the blades, impellers, pis-
tons, screws or other parts of the compressor.
[0033] In this context, the term "liquid" should be un-
derstood as oil, water, refrigerant or any other fluid in
liquid state which may be separated from the fluid flow
inside the plate and shell heat exchanger.
[0034] In an aspect of the invention, the centre of the
plate heat exchanging section and/or the centre of the
tube heat exchanging section are offset to the centre of
the shell.
[0035] Providing the centre of the plate heat exchang-
ing section and/or the centre of the tube heat exchanging
section offset to the centre of the shell is advantageous
in that the plate heat exchanging section or tube heat
exchanging section may be arranged at different posi-
tions inside the shell heat exchanger for utilizing the entire
space efficiently such that the heat transfer and thereby
the capacity and the efficiency of the shell heat exchanger
is enhanced.
[0036] In this context, the term "centre" should be un-
derstood as the centroid of the area of the cross-sectional
shape. For example, the centre of a plate heat exchang-
ing section of circular cross-section should be under-
stood as the point in the circular area at which the dis-
tance to the boundary of the circular area is constant.
However, determining the centre for a cross-section of
complex geometry may not be straight-forward. Thus,
the term "centre" should be understood as the centroid
of an area which may be determined from the first mo-
ment of area. Accordingly, if the mass in the area is not
evenly distributed, the centre of gravity/mass is not co-
incident with the centroid.
[0037] In an aspect of the invention, the cross-sectional
shape of the stack of corrugated heat transfer plates is
arranged to follow a part of the inside circumference of
the shell.
[0038] Arranged the cross-sectional shape of the stack
of corrugated heat transfer plates such that they follow
a part of the inside circumference of the shell - e.g. by
shaping the plates substantially concentric with a part of
the shell - is advantageous in that the space inside the
shell thereby is utilized more efficiently such that heat
transfer is enhanced.
[0039] In an aspect of the invention, the shell heat ex-
changer is arranged to operate at an inside pressure dif-
ferent from the outside pressure of the shell.
[0040] This is advantageous in that this facilitates
evaporation or condensing of fluids which do not evap-
orate or condense at the outside pressure. Hereby a va-
por-compression cycle, vapor absorption cycle, gas cy-
cle or other thermodynamic cycle may be sustained.
[0041] Furthermore, the invention provides for use of
a shell heat exchanger according to the above-men-

tioned shell heat exchangers is provided for exchanging
heat between at least two mediums wherein the pressure
of at least one of the mediums is different from the pres-
sure surrounding the shell heat exchanger.
[0042] Using a shell heat exchanger according to the
present invention in relation to a pressurised fluid or a
fluid at a negative pressure is advantageous in that the
shell of the present invention is particularly suited for han-
dling a pressure difference.

Figures

[0043] The invention will be described in the following
with reference to the figures in which

fig. 1. illustrates a cross sectional view of the shell
heat exchanger configured as a condenser, as
seen from the front,

fig. 2 illustrates a cross sectional view of the shell
heat exchanger configured as a condenser with
heat exchanging tubes above and below the
plate stack, as seen from the front,

fig. 3 illustrates a cross sectional view of the shell
heat exchanger configured as an evaporator,
as seen from the front,

fig. 4 illustrates a cross sectional view of the shell
heat exchanger configured as an evaporator
without heat exchanging tubes at the top por-
tion, as seen from the front,

fig. 5 illustrates a cross sectional view of the shell
heat exchanger configured as an evaporator
and with heat exchanging tubes arranged
above the separator, as seen from the front, and

fig. 6 illustrates a shell heat exchanger as seen from
the side.

Detailed description

[0044] Fig. 1-2 illustrates embodiments of the shell
heat exchanger configured as a condenser.
[0045] A condenser is typically a part of a refrigeration
cycle which transfers energy from a first fluid, e.g. a re-
frigerant, to a second fluid of lower temperature, e.g. wa-
ter for the purpose of providing hot water to e.g. an in-
dustrial or domestic installation. Due to the temperature
difference between the water and the refrigerant, heat
will transfer from the refrigerant to the water in accord-
ance with the second law of thermodynamics. In this ex-
ample, the temperature of the water rises as a result of
the heat transfer from the refrigerant to the water and
consequently the temperature of the refrigerant will be
lowered and/or it may condense, hence the term "con-
denser".
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[0046] Thus, in this embodiment, the shell heat ex-
changer 1 is configured as a condenser, wherein the wa-
ter to be heated may be fed through the plate heat ex-
changing section inlet 18 and/or one or more of the plu-
rality of the heat exchanging tubes 5 in the tube heat
exchanging section 4. A refrigerant is fed through the
shell inlet 13 which is of higher temperature than the wa-
ter. Due to the heat transfer mechanism as mentioned
above, the water, now hotter or in a different state, flows
out of the shell heat exchanger 1 through the plate heat
exchanging section outlet 19 and the refrigerant, now
colder or in a different state, flows out through the shell
outlet 14. The refrigerant may also be further subcooled
by the tubes 5 in the tube heat exchanging section 4
before it flows out through the shell outlet 14.
[0047] In this embodiment, the shell heat exchanger 1
is configured as a condenser in connection with a refrig-
eration cycle. However, it should be emphasized, that in
another embodiment the shell heat exchanger 1 may also
be configured to operate in connection with other indus-
trial applications such as air conditioning, chemical
plants, power stations, heat pumps or other industrial ar-
eas.
[0048] In this embodiment, water is fed through the
plate heat exchanging section 2 and the tube heat ex-
changing section 4. However, in another embodiment,
different fluid mediums such as marmalade, milk, brine,
a refrigerant, steam or any other kind of fluid may be fed
through the flow channel 7 in the plate heat exchanging
section 2 and/or flow channel 8 of the tube heat exchang-
ing section 4 and/or the shell inlet 13 and outlet 14.
[0049] Furthermore, in other embodiments, different
mediums may be fed through each tube heat exchanging
section 4 and plate heat exchanging section 5 and each
medium may be of different temperature and/or pressure.
For example, a first medium of a first temperature and
first pressure may flow through a tube heat exchanging
section 4 which is arranged at the top of the shell heat
exchanger 1 (for example as illustrated in fig. 2) and a
second medium of a second temperature and second
pressure may flow through the tube heat exchanging sec-
tion 4 arranged at a bottom part of the shell heat exchang-
er 1. A third medium of a third temperature and third pres-
sure may flow through the plate heat exchanging section
2. The fluid mediums may flow to different installations
depending on the requirements and set up of the shell
heat exchanger.
[0050] The pressure inside the shell heat exchanger 1
is typically larger than the surrounding pressure outside
of the shell heat exchanger 1 - such as 5 Bar, 20 Bar or
60 Bar higher than the surrounding pressure (or even
higher). However, the shell heat exchanger 1 may also
be configured for operating with mediums of pressures
lower than the pressure of the surroundings - such as
0.1 Bar, 0.5 Bar or 0.9 Bar lower than the surrounding
pressure (or even lower). The pressure of the mediums
may also differ from each other. For example, the pres-
sure of the medium flowing through the plurality of tubes

5 in the tube heat exchanging area 4 may be different
from the pressure of the medium flowing through the flow
channel 7 in the plate heat exchanging section and the
pressure of the surroundings may be lower, higher or in
the middle of the pressure of the mediums. Due to the
pressure difference between the surroundings and the
inside of the shell heat exchanger the wall thickness of
the shell 6 is particularly designed for withstanding large
pressure differences without functional failures such as
leak of for example refrigerant, explosion in the case of
pressurization as compared to the surroundings or buck-
ling of the shell 6 in the case of negative pressure as
compared to the surroundings. The sufficient strength of
the shell 6 is achieved by designing the shell 6 as a solid
wall with a large material thickness such that the vessel
may be certified for use of pressurized or negatively pres-
surized mediums as compared to the surroundings.
[0051] The filler elements 15 illustrated in fig. 2 could
be a liquid separator, filter, mesh, demister, strainer or
other filler elements which may be present inside the shell
6 of the shell heat exchanger 1 and which may be nec-
essary for the operation of the shell heat exchanger or
may contribute with additional functions. Or the filler el-
ements 15 could be passive elements primarily designed
to fill out a space inside the shell.
[0052] In this embodiment, the plurality of heat ex-
changing tubes 5 in the tube heat exchanging section 4
are fully enclosed within a tube heat exchanging section
shell 20. However, in another embodiment, the tubes 5
in the tube heat exchanging section 4 may be partially
enclosed within the tube heat exchanging section shell
20 (see for example fig. 3). In this embodiment, a part of
the tube heat exchanging shell 20 is also a part of the
shell 6. However, in another embodiment, the tube heat
exchanging shell 20 is not a part of the shell 6 and may
enclose the tube heat exchanging section as e.g. a cir-
cular, rectangular, triangular shaped shell or other shape.
[0053] In an embodiment with a fully enclosing tube
heat exchanging section shell 20, a refrigerant may flow
around the tubes 5 in the one or more tube heat exchang-
ing sections 4 which is different from the refrigerant which
flows around the heat transfer plates 3 of the plate heat
exchanging section 2.
[0054] In this embodiment, the tube heat exchanging
section comprises heat exchanging tubes 5 with smooth
outer surface, but in another embodiment, the heat ex-
changing tubes 5 in the tube heat exchanging section 4
may comprise fins, extended surfaces, a corrugated sur-
face or other modifications of the surface for increasing
the surface area and/or improving heat transfer. Further-
more, in this embodiment, the outer and inner cross-sec-
tional shape of the heat exchanging tubes 5 are both
circular. However, in another embodiment, the outer
and/or inner cross-sectional shape of the tube 5 may be
polygonal, triangular, elliptic or another shape. The inner
and outer cross-sectional shape could also differ from
each other. For example, the inner cross-sectional shape
could be circular and the outer cross-sectional shape
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could be wavy.
[0055] In the embodiment of fig. 1, the heat exchanging
tubes 5 in the heat exchanging section 4 are arranged
inside the shell as one-pass tubes (also known as
straight-tube), wherein the heat exchanging tubes 5 ex-
tend along the entire length of the shell 6 of the shell heat
exchanger 1. However, in another embodiment, the heat
exchanging tubes 5 in the heat exchanging section 4 are
bent in the shape of an "U" (u-tube configuration as
shown in fig. 6), multi-pass configuration or other config-
uration inside the shell 6 of the shell heat exchanger 1
for improvement of the heat transfer.
[0056] In the embodiment of fig. 2, the tube heat ex-
changing section 4 is arranged at the substantially top
part of the shell 6 of the shell heat exchanger 1 and the
substantially bottom part inside the shell 6. However, in
another embodiment, the tube heat exchanging section
4 could be arranged in any part inside the shell 6 of the
shell heat exchanger 1 but separate from the plate heat
exchanging section 2.
[0057] In another embodiment, the heat exchanging
tubes 5 in the tube heat exchanging sections 4 are not
connected and may be arranged to extend along the
length of the shell 6 of the shell heat exchanger 1. In an
embodiment where several tube heat exchanging sec-
tions 4 are present, which may not be connected, a dif-
ferent fluid may be fed through each of the tube heat
exchanging sections 4 as well as the plate heat exchang-
ing section 2. For example, a first fluid may be fed through
the plate heat exchanging section 2 via plate heat ex-
changing inlet 18 and outlet 19, a second fluid through
the tube heat exchanging section 4 at the top part of the
shell heat exchanger and a third fluid through the tube
heat exchanging section 4 at the bottom part of the shell
heat exchanger. The heated fluids could be fed to differ-
ent installations depending on the requirements. Said flu-
ids may be water, marmalade, milk, brine or any other
kind of fluid.
[0058] In this embodiment, the cross-sectional shape
of the heat transfer sheets 3 is substantially circular. How-
ever, in another embodiment, the heat transfer plates
may be of elliptic, oval, polygonal, circle segment/sector,
quadrant, semicircular or any combination thereof.
[0059] Fig. 3-5 illustrate embodiments of the shell heat
exchanger configured as an evaporator.
[0060] An evaporator is typically a part of a refrigeration
cycle which transfers energy from a first fluid, e.g. water,
to a second fluid, e.g. a refrigerant, for the purpose of
providing cold water to or lowering the temperature of
e.g. an industrial or domestic installation. Due to the tem-
perature difference between the water and the refriger-
ant, heat will transfer from the water to the refrigerant in
accordance with the second law of thermodynamics. In
this example, the temperature of the water will fall as a
result of the heat transfer from the water to the refrigerant
and consequently the temperature of the refrigerant rise
and/or it may evaporate, hence the term "evaporator".
[0061] Thus, in this embodiment, the shell heat ex-

changer 1 is configured as an evaporator, wherein the
water to be cooled may be fed through the plate heat
exchanging section inlet 18 and/or one or more of the
plurality of heat exchanging tubes 5 in the tube heat ex-
changing section 4. A refrigerant, which may be of lower
temperature than the water, is fed through the shell inlet
13 in the direction indicated by the arrows. Due to the
heat transfer mechanism as mentioned above, the water,
now colder or in a different state (ice slurry may be pro-
duced due to the chilling of water), flows out of the shell
heat exchanger 1 through the plate heat exchanging sec-
tion outlet 19 and the refrigerant, now hotter or in a dif-
ferent state, flows towards the separator 10, which at
least partially separates a medium flowing through the
shell heat exchanger 1, in the direction indicated by the
arrows. After the refrigerant flows through the separator
10, it may flow out through the shell outlet 14 and circulate
in the refrigeration cycle.
[0062] In this embodiment, the shell heat exchanger 1
is configured as an evaporator in connection with a re-
frigeration cycle. However, it should be emphasized, that
in another embodiment the shell heat exchanger 1 may
also be configured to operate in connection with other
industrial or domestic applications such as air condition-
ing, chemical plants, power stations, heat pumps or other
industrial areas. Furthermore, in this embodiment, water
is fed through the plate heat exchanging section 2 and
the tube heat exchanging section 4. However, in another
embodiment, different fluid mediums such as marma-
lade, milk, brine, a refrigerant, steam or any other kind
of fluid. may be fed through the flow channel 7 in the plate
heat exchanging section 2 and/or flow channel 8 of the
tube heat exchanging section 4 and/or the shell inlet 13
and outlet 14.
[0063] In this embodiment, the cross-section of the
shell 6 of the shell heat exchanger 1 is of a circular shape.
However, in another embodiment, the cross-section of
the shell 6 could be of an oval shape, an elliptic shape,
a polygonal shape, complex shape or any other shape.
[0064] In this embodiment, the separator 10 is a liquid
separator 11 for separating oil, water, refrigerant or other
liquids from the fluid flow, wherein the liquid could be in
droplet form. However, in another embodiment, the sep-
arator 10 could be a filter, demister, strainer, mesh or
any other kind of separator for at least partially separating
the fluid flow.
[0065] Fig. 6 illustrates the shell heat exchanger 1 as
seen from the side.
[0066] A fluid may be introduced through the shell inlet
13 which flows around the heat transfer plates 4 in the
pate heat exchanging section 2 and the heat exchanging
tubes 5 in the tube heat exchanging section 4 without
intermixing with the mediums flowing therein. Heat may
be transferred across the heat transfer plates 3 and the
walls of the heat exchanging tubes 5. The support struc-
ture 9, which in this case also serves as a flow director
inside the shell 6, obstructs the fluid such that a two-pass
configuration is obtained as illustrated by the stippled
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line. Eventually, the fluid flows through the shell outlet 14
in either a different state and/or higher/lower temperature
depending on the configuration of the shell heat exchang-
er 1 and the state or temperature of the other fluids.
[0067] In this embodiment, the tube heat exchanging
section inlet 21 and tube heat exchanging section outlet
22 are connected to a manifold 23 wherein the connec-
tions are at the end covers of the shell 6 of the shell heat
exchanger 1. However, in another embodiment, the con-
nections to the manifold 23 may be arranged inside the
shell 6 of the shell heat exchanger 1.
[0068] In this embodiment, the same medium flows
through the heat exchanging pipes 5 in the tube heat
exchanging section 4. However, in another embodiment,
a plurality of tube heat exchanging sections 4 may be
provided in the shell heat exchanger. Accordingly, differ-
ent mediums may flow in the tubes of the tube heat ex-
changing sections 4 which may accordingly have individ-
ual inlets 21 and outlets 22 in the shell 6 of the shell heat
exchanger 1.
[0069] In this embodiment, a single support structure
9 is arranged as a flow director such that a two-pass
configuration is achieved in the shell heat exchanger 1.
The support structure 9 fixates the tubes 5 to the shell 6
and may simultaneously guide the surrounding flow such
that a two-pass configuration is achieved. However, in
another embodiment, a plurality of support structures 9
may be arranged to direct the flow such that a multi-pass
configuration is achieved in the shell heat exchanger 1.
The support structure 9 may be positioned at the top part
in the shell 6 of the shell heat exchanger 1 as well as at
the bottom part in the shell 6 of the shell heat exchanger 1.
[0070] The support structure 9 of this embodiment is
welded to the shell 6. However, in another embodiment
it could be fixated to the shell 6 by bolts, screws, rivets
or other fixation means or fixators. Furthermore, the sup-
port structure may be arranged as a trisection helical baf-
fle, a quadrant helical baffle, sextant helical baffle or other
type of support structure which extends along the entire
length or part of the length of the shell heat exchanger 1
and which is also arranged as a flow director. Or in an-
other embodiment the support structure 9 is only ar-
ranged to mutually fixate the tubes 5 and/or the support
structure 9 is not connected to the shell 6.
[0071] The tubes 5 in the tube heat exchanging section
4 of this embodiment are arranged as a "u-bent". How-
ever, in another embodiment, the tubes 5 may be bent
several times depending on the operational require-
ments. Furthermore, the tubes 5 in the tube heat ex-
changing section 4 of this embodiment are arranged such
that the tubes are not joined together whereby the me-
dium flowing through the tubes 5 is not mixed at any point
during its path through the tubes 5. However, in another
embodiment, some or all of the tubes 5 in a tube heat
exchanging section may be joined to form a single heat
exchanging tube 5 which assemble together at e.g. the
middle of the shell heat exchanger in relation to its lon-
gitudinal direction for accommodating to e.g. a filler ele-

ment of a complex geometry. After passing the filler el-
ement, the joined tubes 5 may again divide into individual
heat exchanging tubes 5.
[0072] In this embodiment, the stack of heat transfer
sheets 3 is arranged to extend substantially the entire
length of the tubular shell 6 of the shell heat exchanger
1. However, in another embodiment, the stack of heat
transfer plates 3 could be arranged to extend 1/4, 1/3,
2/3 or any other fraction of the length of the tubular shell
6 depending on operational requirements.
[0073] In this embodiment, the tube heat exchanging
section 4 is arranged to extend substantially the entire
length of the tubular shell 6 of the shell heat exchanger
1. However, in another embodiment, tube heat exchang-
ing section could be arranged to extend 1/4, 1/3, 2/3 or
any other fraction of the length of the tubular shell 6 de-
pending on operational requirements. In another embod-
iment, the tubes could also be arranged to extend trans-
versely in relation to the longitudinal direction of the shell.
[0074] In this embodiment, the heat exchanging pipes
5 of the tube heat exchanging section 4 are arranged to
substantially run in parallel. However, in another embod-
iment, the tubes 5 could be arranged to twist around each
other, cross each other, or converge towards each other.
[0075] In the embodiment of fig. 6, the heat exchanging
tubes 5 in the tube heat exchanging section 4 are ar-
ranged in a "u-tube" arrangement, i.e. the heat exchang-
ing tubes 5 in the upper part of the u-bent are connected
to the lower part of the u-bent as a consequence of the
u-bent itself. However, in another embodiment, the con-
nection could be established from a hose, pipe, duct or
other means for connecting the tubes 5.
[0076] The invention has been exemplified above with
reference to specific examples of heat exchanging tubes
5, separators 10, support structure 9, heat transfer plates
3 and other. However, it should be understood that the
invention is not limited to the particular examples de-
scribed above but may be designed and altered in a mul-
titude of varieties within the scope of the invention as
specified in the claims.

List

[0077]

1. Shell heat exchanger
2. Plate heat exchanging section
3. Heat transfer plate
4. Tube heat exchanging section
5. Heat exchanging tube
6. Heat exchanger shell
7. First flow channel
8. Second flow channel
9. Support structure
10. Separator
11. Liquid separator
13. Shell inlet
14. Shell outlet
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15. Filler elements
18. Plate heat exchanging section inlet
19. Plate heat exchanging section outlet
20. Tube heat exchanging section shell
21. Tube heat exchanging section inlet
22. Tube heat exchanging section outlet
23. Manifold

Claims

1. A shell heat exchanger (1) comprising
a plate heat exchanging section (2) comprising a
stack of corrugated heat transfer plates (3), and
a tube heat exchanging section (4) comprising a plu-
rality of heat exchanging tubes (5),
wherein said plate heat exchanging section (2) and
said tube heat exchanging section (4) are arranged
separate from each other and wherein said plate
heat exchanging section (2) and said tube heat ex-
changing (4) are enclosed inside the same common
heat exchanger shell (6).

2. A shell heat exchanger (1) according to claim 1,
wherein said shell (6) has a tubular shape and where-
in said tubular shell is closed at both ends.

3. A shell heat exchanger according to claim 2, wherein
said stack of corrugated heat transfer plates (3) is
arranged to extend substantially the entire length of
said tubular shell.

4. A shell heat exchanger (1) according to claim 2 or
3, wherein said tube heat exchanging section (4) is
arranged to extend substantially the entire length of
said tubular shell.

5. A shell heat exchanger (1) according to any of the
preceding claims, wherein said plurality of heat ex-
changing tubes (5) are substantially running in par-
allel.

6. A shell heat exchanger (1) according to any of the
preceding claims, wherein said plurality of heat ex-
changing tubes (5) are arranged to extend in a lon-
gitudinal direction of said shell (6).

7. A shell heat exchanger (1) according to any of the
preceding claims, wherein said plurality of heat ex-
changing tubes (5) are arranged to extend trans-
versely in relation to a longitudinal direction of said
shell (6).

8. A shell heat exchanger (1) according to any of the
preceding claims, wherein said plate heat exchang-
ing section (2) comprises a first flow channel (7)
through said shell (6), wherein said tube heat ex-
changing section (4) comprises a second flow chan-

nel (8) through said shell (6), and wherein said first
flow channel (7) is separate from said second flow
channel (8).

9. A shell heat exchanger (1) according to claim 8,
wherein said tube heat exchanging section (4) com-
prises a support structure (9) arranged to mutually
fixate said plurality of heat exchanging tubes (5),
wherein said support structure (9) is arranged to be
a flow director in relation to said plate heat exchang-
ing section (2).

10. A shell heat exchanger (1) according to any of the
preceding claims, wherein said shell heat exchanger
(1) further comprises a separator (10) arranged in-
side said shell (6) to at least partially separate a me-
dium flowing through said shell heat exchanger (1).

11. A shell heat exchanger (1) according to claim 10,
wherein said separator (10) is a liquid separator (11).

12. A shell heat exchanger (1) according to any of the
preceding claims, wherein the centre of said plate
heat exchanging section (2) and/or the centre of said
tube heat exchanging section (4) are offset to the
centre of said shell (6).

13. A shell heat exchanger (1) according to any of the
preceding claims, wherein the cross-sectional shape
of said stack of corrugated heat transfer plates (3)
is arranged to follow a part of the inside circumfer-
ence of said shell (6).

14. A shell heat exchanger (1) according to any of the
preceding claims, wherein said shell heat exchanger
(1) is arranged to operate at an inside pressure dif-
ferent from the outside pressure of said shell.

15. Use of a shell heat exchanger (1) according to any
of the preceding claims for exchanging heat between
at least two mediums wherein the pressure of at least
one of said mediums is different from the pressure
surrounding said shell heat exchanger (1).
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