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DESCRIPTION

Field of the invention

[0001] The present invention relates to an evaporator and use of the evaporator according to
the Independent claims presented below.

Background of the invention

[0002] Evaporators are devices used to turn the liquid form of a substance into its gaseous
form. One kind of evaporators known In the prior art comprise the plate pack functioning as an
evaporator and the droplet separator fitted inside the same outer casing. The plate pack is
arranged In lower part of the outer casing and the droplet separator is arranged above the
plate pack. One important application of plate heat exchangers is a flooded evaporator, which
may be used In vapor-compression refrigeration cycle in refrigerating machinery. The task of
the droplet separator is to ensure that refrigerant droplets are not carried to the compressor of
the refrigerating machinery.

[0003] In known evaporators, the outlet of the vaporised substance i1s commonly arranged
above the droplet separator for ensuring uniform suction through the droplet separator and so
efficient separation of the droplets. The outlet arranged above the droplet separator increases
a space required for the evaporator arrangement in a height direction

[0004] US 9 366 464 B2 discloses an evaporator according to the preamble of claim 1.

summary of the Invention

[0005] It Is an object of the present invention to provide a structure of the evaporator which
decreases a space required for the evaporator, especially in a height direction.

[0006] It Is an object of the present invention to provide a structure of a flooded evaporator
with a droplet separator, which Is functionally efficient, economical and small in size. Especially,
it Is an object of the present invention to provide an evaporator which may require less space
for pipework when adapting the evaporator in a system of the application.

[0007] In order to achieve among others the objects presented above, the invention iIs
characterized by what Is presented In the characterizing parts of the enclosed independent

claims.

[0008] Some preferred embodiments of the invention will be described in the other claims.
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[0009] The embodiments and advantages mentioned in this text relate, where applicable, both
to the evaporator and the use of the evaporator according to the invention, even though it is
not always specifically mentioned.

[0010] An evaporator according to the invention for vaporizing a substance into its gaseous
form is defined in claim 1 and comprises at least

e an outer casing, which comprises a substantially horizontal shell and substantially
vertical first and second end plates, which are arranged at the ends of the shell,

 an Inlet connection for leading a substance to be vaporized into the outer casing,

e an outlet connection for leading the vaporised substance out from the outer casing,

e a plate pack functioning as an evaporator, which iIs arranged inside the outer casing, In
its lower part,

e an Inlet connection and an outlet connection for a heating substance for leading a
heating substance into the plate pack and out from it, and

e a droplet separator, which iIs arranged inside the outer casing, above the plate pack.

[0011] In a typical evaporator according to the invention an outlet connection for leading the
vaporised substance out from the outer casing is arranged to an end plate of the outer casing,
and said outlet connection i1s connected to a suction duct arranged inside the outer casing in a
longitudinal direction of the shell, and said suction duct comprises openings at the upper
surface of the suction duct, wherein the droplet separator i1s constructed at both sides of the
suction duct.

[0012] An evaporator according to the invention Is typically used as a flooded evaporator In
vapor-compression refrigeration cycle In refrigerating machinery and a thereto related droplet
separator. The evaporator structure according to the invention Is used to ensure that no
droplets are carried from the evaporator to a compressor used in a refrigerating machinery.

[0013] It has been found that the vaporised substance can be sucked out from the outer
casing uniformly by arranging a suction duct in connection with the droplet separator inside the
evaporator. Thus, an outlet for the vaporised substance can be arranged at an end plate of the
evaporator, wherein the pipework of the evaporator and the refrigeration machine related to it
can be made simpler. A structure of the evaporator according to the invention Is compact,
which may reduce a space required for the pipework for leading the vaporised substance out
from the evaporator. In a preferred embodiment according to the invention all inlet and outlet
connections of the evaporator may be arranged to an end plate of the outer casing, in the most
preferred embodiment all inlet and outlet connections are arranged at the same end plate. A
suction duct arranged In the droplet separator construction forms suction uniformly along the
whole suction duct, wherein droplet separation Is also efficient. The vaporised substance flow
through the droplet separator and then it i1s led to the suction duct and out from the outer
casing. The structure according to the invention i1s simple and the droplet separator with the
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suction duct can be arranged inside the outer casing easily as a separate component.

[0014] In an evaporator according to the present invention, a suction duct and an outlet
connection for the vaporized substance can be manufactured as the standard size
Independent of the size of the plate pack and the capacity of the evaporator. Therefore, the
structure of the present invention Is also economical because the components to be used can
be standard parts or otherwise widely used.

Description of the drawings

[0015] The Invention 1s described in more detaill below with reference to the enclosed
schematic drawing, in which

Figure 1
shows cross-section of the evaporator according to an embodiment of the invention,
Figure 2
shows a cross-section of the evaporator according to another embodiment of the
Invention, and
Figure 3
shows a longitudinal cross-section of the evaporator according to an embodiment of the
iInvention.

Detailed description of the invention

[0016] An evaporator according to the invention iIs based on the structure of Plate and Shell -
type heat exchanger. The evaporator comprises an outer casing and a plate pack arranged
Inside the outer casing. The outer casing comprises a substantially horizontal shell and
substantially vertical first end plate and second end plate, which are arranged at the ends of
the shell. In a typical embodiment the shell is a cylindrical shell. The term longitudinal direction
of the outer casing or cylindrical shell used In this description typically means the horizontal
direction. For example If the cylindrical shell of the outer casing Is a straight circular cylinder,
then its longitudinal direction 1s the same as the direction of the central axis of the cylinder In
question.

[0017] Typically, in an evaporator according to the invention, the outer casing functions as a
pressure vessel. An evaporator according to the invention is preferably a flooded evaporator.

[0018] A plate pack functioning as an evaporator I1s arranged Inside the outer casing, In Iits
lower part. A plate pack of the evaporator is formed by arranging plate pairs on top of each
other. Each plate pair is typically formed of two heat exchange plates that are attached,
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preferably welded together at least at their outer periphery. Each heat exchange plate has at
least two openings for the flow of a heating substance. Adjacent plate pairs are attached to
each other by attaching the openings of two adjacent plate pairs to each other. Thus, a heating
substance can flow from a plate pair to another via the openings. The substance to be
vaporised Is arranged to flow inside the outer casing in the spaces between the plate pairs. An
Inlet connection and an outlet connection for a heating substance for leading a heating
substance into the plate pack and out from it are arranged at an end plate of the outer casing.
The Inlet and outlet connection for the heating substance are arranged in connection with the
Inner parts of the plate pack, 1.e. inner parts of the plate pairs of the plate pack, whereby the
primary circuit of the evaporator is formed between the inlet and outlet connection of the
heating substance. The Inlet and outlet connections for the substance to be vaporised are
arranged through the outer casing and in connection with the inner side of the outer casing, I.e.
with the outer side of the pack of plates. In other words, the secondary circuit of the evaporator
Is formed between the Inlet and outlet connection of the substance to be vaporised, inside the
outer casing, In the spaces between the plate pairs. Typically, the primary and secondary
circuits are separate from each other, i1.e. the heating substance flowing in the inner part of the
plate pack cannot get mixed with the substance to be vaporised flowing in the outer casing.
Thus, the heating substance flows In every other plate space and the substance to be
vaporised flows In every other plate space of the plate pack.

[0019] A plate pack formed by heat exchange plates arranged one on top of each other is
arranged Inside the outer casing so that the longitudinal direction of the plate pack is the same
as the longitudinal direction of the shell of the outer casing. In an embodiment according to the
iInvention, the plate pack functioning as an evaporator i1s formed of circular heat exchange
plates, wherein the plate pack is mainly circular cylinder Iin shape, in which longitudinal
direction Is the longitudinal direction of the cylindrical shell. A length of the plate pack in a
longitudinal direction Is substantially same as the length of the shell. In an embodiment of the
Invention the plate pack is substantially a circular cylinder, whereby the outer diameter of the
plate pack is about 30-70 % or about 40-60 % of the inner diameter of the cylindrical shell. The
plate pack is typically situated to be acentric in relation to the cylindrical shell, in the lower part
of the cylindrical shell. Alternatively, a plate pack may also be formed of oval shaped or semi-
circular heat exchange plates, wherein the plate pack is situated at the lower part of the outer
casing and it may substantially decrease a volume of the substance to be vaporised inside the
shell of the outer casing.

[0020] In an evaporator according to the invention, an inlet connection for a substance to be
vaporised iIs typically arranged through a cylindrical shell or an end plate of the outer casing. In
a preferred embodiment of the invention, an inlet connection for leading a substance to be
vaporised into the outer casing Is arranged to an end plate of the outer casing.

[0021] According to the present invention an outlet connection for leading the vaporised
substance out from the outer casing Is arranged to an end plate of the outer casing. In the
present invention, an outlet connection for leading the vaporised substance out from the outer
casing Is connected to a suction duct arranged inside the outer casing in a longitudinal
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direction of the shell and said suction duct comprises openings at the upper surface of the
suction duct, wherein the droplet separator i1s constructed at both sides of the suction duct. In
an embodiment according to the invention, an evaporator may comprise two outlet connections
for leading the vaporised substance out from the outer casing, which outlet connections are
arranged at both ends of the suction duct and so at both end plates of the outer casing. The
outlet connections at both ends of the suction duct may be advantageous when the length of
the shell Iincreases In a longitudinal direction and the efficient suction of the vaporised
substance out from the outer casing and efficient droplet separation should be guaranteed.

[0022] In a preferred embodiment according to the invention, all inlet and outlet connections
are arranged at an end plate of the outer casing, preferably to the same end plate for
simplifying the structure of the evaporator.

[0023] A droplet separator i1s arranged inside the outer casing, above the plate pack. Typically,
a droplet separator i1s arranged inside the outer casing, In its upper part. This kind of structure
provides a compact structure of the evaporator. The construction of the droplet separator Is
not limited, but it can be selected on the basis of the operation conditions and their
requirements. In an embodiment of the invention the evaporator comprises a demister droplet
separator. A droplet separator according to an embodiment of the invention comprises a first
and a second vapour-permeable demister part. An evaporator according to the invention
comprises a suction duct arranged in connection with the outlet connection(s) for leading the
vaporised substance out from the outer casing, and the suction duct i1s a part of the droplet
separator arrangement arranged above the plate pack, at upper part of the outer casing. A first
and a second demister parts of the droplet separator are arranged on both sides of the suction
duct. The demister parts are tightly attached to the suction duct in a longitudinal direction of the
suction duct. In a typical embodiment of the Invention, the demister parts have a length
substantially correspond with the length of the plate pack, and they are installed diagonally
downwards from a line of the midpoint of the shell toward the edges of the outer casing.

[0024] In an embodiment of the invention, the demister parts of the droplet separator comprise
two superposed perforated plates or the like, the space between which is filled with highly gas-
permeable material, such as wire mesh, steel wool or the like, which generating as low a flow
resistance as possible. In one embodiment of the invention the demister parts may comprise of
one or several vapour permeable demister parts and vapour impermeable parts.

[0025] In an embodiment according to the invention, a suction duct arranged In connection
with the outlet connection for leading the vaporised substance out from the outer casing has a
length which corresponds with the length of the shell of the outer casing, I.e. the suction duct
typically extends in a longitudinal direction of the horizontal shell from the first end plate to the
second end plate, wherein suction can be arranged uniformly along the whole length of the
shell. This provides efficient droplet separation and decreases a wetting of the droplet
separator. A suction duct is arranged substantially horizontally into the outer casing.

[0026] A suction duct comprises openings at the upper surface of the suction duct through
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which a vaporised substance is sucked out from the interior of the outer casing. In a preferred
embodiment according to the Iinvention, a suction duct comprises openings at the upper
surface of the suction duct substantially in the whole length of the suction duct. The shape and
size of the openings can vary, for example the openings may be circular or oval shaped or they
may be longitudinal openings. In an embodiment according to the invention, the upper surface
of the suction duct may comprise longitudinal openings Iin the length direction of the suction
duct. In another embodiment according to the invention, an upper surface of the suction duct
may be perforated. In an embodiment according to the invention, a sum of the area of the
openings arranged at the upper surface of the suction duct should be at least same as the
area of the outlet connection(s) for leading the vaporised substance out from the evaporator
for providing adequate suction.

[0027] In an embodiment of the invention, the openings of the suction duct are arranged at the
upper surface of the suction duct, which surface is substantially above the demister parts of the
droplet separator, 1.e. the opening are substantially above the uppermost line of the demister
parts of the droplet separator. This guarantee that the substance to be vaporised is led
through the droplet separator prior to enter the suction duct and led out from the outer casing.

[0028] In an embodiment of the invention, a droplet separator arrangement may comprise a
cover plate arranged above the demister parts of the droplet separator and the suction duct,
which cover plate Is Iinside the outer casing arranged In the longitudinal direction of the
horizontal shell. In atypical embodiment according to the invention, a cover plate has a length
which corresponds with the length of the demister parts and In cross-direction a cover plate is
arranged to elongate from the lower edge of the first demister part to the lower edge of the
second demister part. A cover plate Is attached to the lower edges of the demister part. In an
embodiment according to the invention, a first end plate and a second end plate are arranged
at the ends of the cover plate, to which end plates are attached to the end of the demister pats
for forming closed structure, which eliminates flowing of the vaporised substance directly to the
suction duct, I.e. the cover plate with the end plates is used to eliminate a by-pass flow of the
droplet separator.

[0029] In an embodiment according to the invention, a cover plate has a corresponding shape
with the inner surface of the shell in order to arrange the cover plate and so the whole droplet
arrangement close contact the inner surface of the outer casing.

[0030] According to an embodiment of the invention, a droplet separator comprising a suction
duct, demister parts arranged on both side of the suction duct and a cover plate can be
manufactured as a separate droplet separator component, which I1s arrangeable inside the
outer casing. This simplifies the assembly work of the droplet separator. Typically, the droplet
separator component comprises also the end plates attached to the ends of the cover plate. A
suction duct is typically arranged through an end plate of the component.

[0031] In an embodiment according to the invention a length of the suction duct Is increased
so that it elongates through an end plate of the outer casing, preferably through both end
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plates, which makes possible to attach the suction duct and so the whole droplet separator
structure, which comprises a suction duct, demister parts arranged on both side of the suction
duct and a cover plate, to the end plates of the outer casing. Therefore, there Is no need to
attach a cover plate or droplet separator to the shell of the outer casing, which simplifies the
assembly work. When a suction duct elongates through the end plate(s), the suction duct Is
also supported by the end plate.

[0032] In a flooded evaporator according to the invention, the liquid level of the substance to
be vaporised, such as the refrigerant or other liquid to be vaporised, Is advantageously
adjusted to the level of the diameter of the cylindrical shell, whereby the surface area of the
substance to be vaporised iIs as large as possible and the production of vapour per surface
area I1s as small as possible. The ascension speed of the vapour is thus also as small as
possible, whereby the generated droplets travelling with the vapour more easily fall back down.
In an embodiment according to the invention, the liquid volume Is decreased so that at least
one filler unit has been fitted between the cylindrical plate pack and the cylindrical shell.
Longitudinal filler units have advantageously been arranged on both side of the plate pack,
which plate pack is In the longitudinal direction of the cylindrical shell. The filler units can be
shaped according to need to decrease the liquid volume as much as possible.

[0033] An evaporator according to the invention may be used as a flooded evaporator of a
refrigerating system and a thereto related droplet separator.

Detailed description of the examples of the figures

[0034] For the sake of clarity, the same reference numbers are used for corresponding parts In
different embodiments.

[0035] The evaporators 1 presented in Figures 1- 3 comprise an outer casing, which is formed
of a substantially horizontal cylindrical shell 2 and substantially vertical first and second end
plates 3a, 3b. A cylindrical plate pack 4 i1s arranged inside the cylindrical shell in an acentric
manner. The plate pack 4 is typically arranged In the lower part of the cylindrical shell and a
droplet separator I1s arranged above the plate pack at the upper part of the cylindrical shell.
The plate pack 4 presented Iin Figures is formed by circular heat exchange plates arranged on
top of each other and the plate pack 4 is arranged inside the horizontal cylindrical shell 2 so
that the longitudinal direction of the plate pack is the same as the longitudinal direction of the
cylindrical shell. The outer surfaces of the plate pack 4 functions as heat exchange surfaces of
the evaporator. An Inlet connection 7 and an outlet connection 8 are arranged to lead a

heating substance into and out from the plate pack 4, and they are arranged at an end plate
3a.

[0036] An Inlet connection S for a substance to be vaporized and an outlet connection 6 for the
vaporised substance are arranged at an end plate 3a of the outer casing.
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[0037] A droplet separator arrangement comprises a suction duct 10 and demister parts 9a,
9b arranged on both sides of the suction duct. A suction duct 10 Is arranged In connection with
an outlet connection 6 for the vaporised substance. A suction duct 10 comprises openings 12
substantially in the whole length of the suction duct. The openings 12 are arranged at the
upper surface of the suction duct, which surface is substantially above the demister parts 9a,
9b of the droplet separator. A suction duct is arranged substantially horizontally into the outer
casing. As shown In Figure 3, a suction duct may elongate through the end plates 3a, 3b of the
outer casing and so it can be easily attached to the end plates. The demister parts 9a, 9b are
Installed approximately horizontally in the longitudinal direction of the cylindrical shell and at the
same time diagonally downwards from a line of the midpoint of the cylindrical shell toward the
edges of the device.

[0038] A droplet separator may further comprise a cover plate 11, as illustrated in Figure 2. A
cover plate 11 has a form of the inner surface of the shell 2. A cover plate 11 elongates from
the lower edge of the demister part 9a to the lower edge of the demister part 9b. As presented
IN Figure 3, a droplet separator arrangement at the upper part of the outer casing comprises
also the end plates 14a, 14b arranged at the ends of the cover plate 11 and attached to the

demister parts. In an embodiment presented in Figure 4, a suction duct 10 elongates through
the end plate 14a, 14b.

[0039] A substance to be vaporised, for example the refrigerant, is brought into the outer
casing 2 from inlet connection 5. The vaporised substance exits from outlet connection 6. A
heating substance is brought through the end plate 3a of the outer casing into the plate pack 4
with the inlet connection 7 and removed from the plate pack through the end plate 3a of the
outer casing with the outlet connection 8. The outer surfaces of the plate pack 4 function as
heat exchange surfaces of the evaporator. The liquid level 13 of the substance to be vaporised
IS drawn to be visible In Figures 1 and 2. The liquid level 12 of a substance to be vaporized,
such as the refrigerant or other liquid to be vaporized, i1s advantageously adjusted to about the
level of the diameter of the cylindrical shell, whereby the surface area of the substance to be
vaporized Is as large as possible and the production of vapour per surface area is as small as
possible. The inlet connections 5 for the substance to be vaporised is placed through the end

plate 3a of the outer casing Iin the embodiments presented in Figures. The placement of the
Inlet connection 5 Is determined according to the need at any time. According to an

embodiment of the invention the inlet connection for a substance to be vaporised Is arranged
beneath the liquid level 13.

[0040] From the liquid level 13 vapour rises up through the demister parts 9a, 9b of the droplet
separator which separates fine droplets from the vapour. After passing through the droplet
separator the vapour can exit through the suction duct 10 and the outlet connection 6. From

there the vaporised refrigerant is led onward, for example to the compressor of a refrigerating
apparatus (not shown).

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav
1. Fordamper (1) til at fordampe et stof til dets gasform, som omfatter mindst

- et udvendigt hus, som omfatter en i alt vaesentligt horisontal skal (2) og |
alt vaesentligt vertikale fgrste og anden endeplader (3a, 3b), hvilke er

5 indrettet ved enderne af skallen,

- en indlgbsforbindelse (5) til at fgre et stof, som skal fordampes, ind i det

udvendige hus,

- en udlgbsforbindelse (6) til at fgre det fordampede stof ud fra det

udvendige hus,

10 - en pladepakke (4) der fungerer som en fordamper, hvilken er indrettet

inde i det udvendige hus, i dets nedre del,

- en indlgbsforbindelse (7) og en udlgbsforbindelse (8) til et varmestof til at

fore et varmestof ind i pladepakken og ud derfra, og

- en drabeudskiller, hvilken er indrettet inde i det udvendige hus, over

15 pladepakken,

kendetegnet ved, at en udlgbsforbindelse (6) til at fore det fordampede stof ud
fra det udvendige hus er indrettet ved en endeplade (3a, 3b) af det udvendige
hus, og naevnte udlgbsforbindelse (6) er forbundet med en indsugningskanal (10)
indrettet inde i det udvendige hus i en laengderetning af skallen, og naevnte

20 indsugningskanal (10) omfatter abninger (12) ved den gvre overflade af
indsugningkanalen, hvor drabeudskilleren er konstrueret ved begge sider af

indsugningskanalen (10).

2. Fordamperen ifglge krav 1, kendetegnet ved, at en indlgbsforbindelse (5) til
25 at fgre et stof, som skal fordampes, ind i det udvendige hus er indrettet ved en

endeplade (3a, 3b) af det udvendige hus.

3. Fordamperen ifglge krav 1 eller 2, kendetegnet ved, at indsugningskanalen
(10) straekker sig i en lzengderetning af den horisontale skal (2) fra den fgrste
30 endeplade (3a) til den anden endeplade (3b).
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4. Fordamperen ifglge krav 1 eller 2, kendetegnet ved, at indsugningskanalen
(10) straekker sig gennem en endeplade af det udvendige hus, fortrinsvis gennem

begge endeplader.

5. Fordamperen ifglge et hvilket som helst af de foregaende krav, kendetegnet
ved, at indsugningskanalen (10) omfatter abninger (12) ved den gvre overflade

af indsugningskanalen i alt vaesentligt i hele laeangden af indsugningskanalen.

6. Fordamperen ifglge et hvilket som helst af de foregaende krav, kendetegnet
ved, at drabeudskilleren omfatter fgrste og anden drabefangerdele (9a, 9b), som

er indrettet ved begge sider af indsugningskanalen (10).

7. Fordamperen ifglge krav 6, kendetegnet ved, at drabefangerdelene (9a, 9b)
af drabeudskilleren omfatter to overlejrede perforerede plader eller lignende, hvis

mellemrum er fyldt med gaspermeabelt materiale.

8. Fordamperen ifglge krav 6 eller 7, kendetegnet ved, at drabefangerdelene
(9a, 9b) har en laengde, som i alt vaesentligt svarer til l[eengden af pladepakken,
og de er installeret diagonalt nedad fra en linje af midtpunktet af skallen mod

kanterne af skallen.

9. Fordamperen ifglge et hvilket som helst af de foregaende krav 6 - 8,
kendetegnet ved, at abningerne af indsugningskanalen (10) er indrettet ved den
gvre overflade af indsugningskanalen, hvilken overflade er i alt vaesentligt over

drabefangerdelene (9a, 9b) af drabeudskilleren.

10. Fordamperen ifglge et hvilket som helst af de foregaende krav 6 - 9,
kendetegnet ved, at en daekplade (11) er indrettet over drabefangerdelene (9a,
9b) af drabeudskilleren og indsugningskanalen (10), hvilken daekplade (11) har en
laengde, som svarer til l&eangden pa drabefangerdelene, og daekpladen (11)
straekker sig i tvaerretningen fra den nedre kant af den fgrste drabefangerdel (9a)

til den nedre kant af den anden drabefangerdel (9b).
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11. Fordamperen ifglge krav 10, kendetegnet ved, at dakpladen (11) har en

form svarende til den indvendige overflade af skallen (2).

12. Fordamperen ifglge et hvilket som helst af de foregaende krav 6 - 11,
5 kendetegnet ved, at indsugningskanalen (10), drabefangerdelene (9a, 9b)
indrettet pa begge sider af indsugningskanalen (10) og daekpladen (11) er

udformet som en saerskilt komponent, som er indrettet inde i det udvendige hus.

13. Fordamperen ifglge et hvilket som helst af de foregaende krav 10 - 12,
10 kendetegnet ved, at en fgrste endeplade (14a) og en anden endeplade (14b) er
indrettet ved enderne af daekpladen, med hvilken endepladerne er forbundet til

enden af drabefangerdelene (9a, 9b).

14. Fordamperen ifglge et hvilket som helst af de foregaende krav, kendetegnet
15 ved, at fordamperen omfatter to udlgbsforbindelser til at fgre det fordampede
stof ud fra det udvendige hus, hvilke udlgbsforbindelser er indrettet ved begge

ender af indsugningskanalen af indsugningskanalen (10).

15. Anvendelse af en fordamper (1) ifglge et hvilket som helst af de foregaende
20 krav som en oversvgmmet fordamper i et kglesystem og en dermed forbundet

drabeudskiller.
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DRAWINGS

Fig. 1
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Fig. 2
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