(19 DANMARK (19 DK/EP 1479985 T3

(12) Overseettelse af
europeeisk patentskrift

Patent-og
Varemaerkestyrelsen

(51) Int.Cl.: F28D 9/00(2006.01) F25 B 39/02 (2006.01)
(45) Overseettelsen bekendtgjort den: 2017-09-25

(80) Dato for Den Europeeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2017-06-14

(86) Europaeisk ansggning nr.: 04020111.3

(86) Europaeisk indleveringsdag: 2003-01-17

(87) Den europaeiske ansggnings publiceringsdag: 2004-11-24
(30) Prioritet: 2002-01-17 DK 200200075

(62) Stamansggningsnr: 03702359.5

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LI LU MC NL PT SE SI
SK TR

(73) Patenthaver: Alfa Laval Corporate AB, Box 73, 221 00 Lund, Sverige

(72) Opfinder: Knoll, Istvan, Kalkaerparken 121, 8270 Hojbjerg, Danmark
Stenhede, Claes, Via Trento, 37124 Verona, ltalien

(74) Fuldmeegtig i Danmark: Marks & Clerk (Luxembourg) LLP, 44 rue de la Vallée, B.P. 1775, L-1017 Luxembourg,
Luxembourg

(54) Benaevnelse: NEDSAENKET EVAPORATOR OMFATTENDE EN PLADEVARMEVEKSLER OG ET CYLINDRISK
HUS, HVORI PLADEVARMEVEKSLEREN ER PLACERET

(56) Fremdragne publikationer:
EP-A-0 758 073
EP-A-1 311792
WO-A-97/45689
DE-A1- 4 414 621
DE-C- 743 206
FR-A-2 797 039
FR-A1-2 738 499
GB-A- 1 046 474
JP-A- 10 082 594
US-A- 3879 215
US-A- 4 073 340



DK/EP 1479985 T3



DK/EP 1479985 T3

DESCRIPTION

[0001] The present invention concerns a submerged evaporator comprising a plate heat
exchanger and a casing, which plate heat exchanger has at least one inlet connection and at
least one outlet connection for a fluid, where the plate heat exchanger is situated at the lower
half of the casing, where a primary refrigerant flows around and through the plate heat
exchanger, and the fluid flows through the plate heat exchanger, and where the uppermost
part of the casing is used as a liquid separator.

[0002] Using a submerged evaporator is a known method of heat transmission between two
separate media. One of the commonly known methods is to incorporate a cylindric plate heat
exchanger in a cylindric casing. Above this casing is mounted a liquid separator typically having
the same size as the casing enclosing the plate heat exchanger. This solution has, among
others, the drawback that relatively much space is occupied in height simultaneously with, due
to the height of the unit, there being a large static pressure suppressing the evaporation,
particularly at lower temperatures, thus reducing efficiency. Furthermore, a pressure loss
occurs between evaporator and the separate liquid separator, also reducing capacity.

[0003] EP 0 758 073 describes a refrigeration device in a closed refrigerant circuit for cooling
a cold transfer medium, in particular a water/brine mixture, in the refrigerant circuit a
compressor sucking in gaseous refrigerant from a vapour drum, compressing the said
refrigerant and supplying it at high pressure to a condenser, from which, after pressure
expansion, the liquid refrigerant is supplied via the liquid space of the vapour drum to an
evaporator, in which heat is extracted from the cold transfer medium as a result of the
evaporation of the refrigerant, and from which the gaseous refrigerant is supplied once again
to the vapour space of the vapour drum, the heat exchanger surface of the evaporator being
designed as a plate heat exchanger with media conveyed in cross-current and counter-current
to one another and being arranged in the liquid space of the vapour drum, where the heat
exchanger surface of the plate heat exchanger is submerged into the vapour drum, designed
as a pressure-resistant housing, in such a way that the supply connection piece and the
discharge connection piece are arranged on one side and the deflection chamber for the cold
transfer medium flowing horizontally through the plate heat exchanger is arranged on the other
side, outside the housing of the vapour drum, and defining fall ducts for the refrigerant
circulated by natural circulation as a result of gravity are formed between the two side walls of
the plate heat exchanger and the housing walls of the vapour drum which are parallel thereto.

[0004] In this solution part of the heat exchanger is placed outside the vapour drum. Different
parts of the heat exchanger are subjected to different pressures; the part outside the drum is
subjected to atmospheric pressure, where the part inside the drum is subjected to the
evaporation pressure inside the drum. Depending on the cooling media used, the pressure
difference can be very high. The heat exchanger is box-shaped, and that form leaves a lot of
unused space around the box especially under the box and along the two sides. This space
takes up a large volume of unused cooling media. The strength of the box-shaped heat
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exchanger is not sufficient if a high pressure difference occurs. In one embodiment, the
passive volume is reduced by out filler volumes placed near the bottom of the drum. The static
pressure around the heat exchanger is relatively high because of the upright drum, and the
static pressure reduces evaporation because steam bubbles formed by evaporation have a
reduced sizes.

[0005] US 4,437,322 describes a heat exchanger assembly for a refrigeration system. The
assembily is a single vessel construction having an evaporator, condenser and flash subcooler.
A plate inside the shell separates the evaporator from the condenser and the flash subcooler,
and a partition inside the vessel separates the condenser from the flash subcooler. The heat
exchanger assembly includes a cylindrical shell having a plurality of tubes disposed in parallel
to the longitudinal axis of the cylindrical shell.

[0006] By placing the tubes inside the shell, there is no pressure differential over the heat
exchanger, but the heat exchanger has a reduced surface as formed by longitudinal tubes.
Over the heat exchanger there is only a limited space, and a small amount of liquid refrigerant
might be sucked out of the vessel.

[0007] A heat exchanger assembly is also disclosed in US 4,073,340. A heat exchanger of the
shaped plate type with a stack of relatively thin interspaced heat transfer plates. The plates of
the heat exchanger are arranged to define sets of multiple counterflow fluid passages for two
separate fluid media alternating with each other. Passages of one set communicate with
opposed manifold ports on opposite sides of the core matrix. Passages of the other set pass
through the stack past the manifolds in counterflow arrangement and connect with inlet and
outlet portions of an enclosing housing. An assembly of two plates oppositely disposed
establishes integral manifolds for one of the fluid media through the ports and the fluid
passage defined between the plates. A third plate joined thereto further defines a passage for
the second fluid media to flow between the inlet and outlet portions of the housing. The various
fluid passages may be provided with flow resistance elements, such as baffle plates, to
improve the efficiency of heat transfer between adjacent counterflow fluids. In each set of
aligned ports, collars, alternately large and small, are formed in nested arrangement so that
the ports formed by adjacent plates bridge the inner spaces between the plates. Such
construction permits communication with the aligned ports of alternate fluid channels which are
closed to the outside between the heat exchanger plates. In manufacturing a core matrix, the
parts are formed and cleaned and the brazing alloy is deposited thereon along the surfaces to
be joined. The parts are then stacked in the natural nesting configuration followed by brazing in
a controlled-atmosphere furnace. The brazing is readily carried out due to the sealing
construction of the described nesting arrangement.

[0008] This heat exchanger is designed for air to gas heat exchange. If the plates are used
inside an evaporator, the shape of the plates leads to a casing containing a large volume of

unused refrigerant.

[0009] US 3,879,215 discloses a vacuum pan for the crystallization of sugar by continuous
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boiling of a seeded sugar syrup. The mixture of syrup and growing crystals form a massecuite.
The pan comprises a vapour-tight horizontal elongated cylindrical casing divided into
compartments by vertical partitions. The partitions consist of vertical discs fixed transversely
inside the pan with a minor segment missing from the top of each disc along a horizontal line,
so as to provide a common vapour space extending above the compartments throughout the
length of the pan. Alternate partitions are provided, respectively, with underflow openings and
with overflow weirs. The underflow openings consist of minor segments cut along a horizontal
line across the bottom of the appropriate partitions. The overflow weirs are provided by
portions cut along a horizontal line across the full width of the other partitions. The weirs of the
partitions maintain the massecuite level in the pan at a suitable height. The partitions extend to
a height intermediate a longitudinal axis and the top of the casing. The compartments are
provided with steam-heating means comprising a plurality of spaced-apart hollow heating
plates, between which the massecuite can flow. The heating plates are partly circular, follow
the sides of the cylindrical casing and are similar in shape to the partitions with cut-away
portions at the top and bottom but slightly smaller. Steam is fed to the heating plates by inlets
and spent steam flows out via condensate outlets.

[0010] The invention described in WO 97/45689 concerns a heat exchanger which has a plate
stack and comprises first and second plates which are arranged alternately in rows and
between which first and second channels are formed, these channels being connected via first
and second connection regions to first and second connection openings. The first connection
openings, first connection regions and first channels are completely separate from the second.
The first and second plates each have on both sides a plurality of substantially straight main
channels which are aligned in parallel in each plate. The first channels and second channels
consist of first and second main channels and third and fourth main channels which mutually
form a first angle and are formed on both sides of a first connection plane and a second
connection plane in the form of half channels which are open towards the connection plane.
The fourth main channels and second main channels are formed on one side of a first plate
and second plate, and the first main channels and third main channels are formed on the
other. The plates are metal sheets whose main channels on both sides take the form of beads
which appear on one side of the metal sheet as depressions and on the other as burr-like
projections. On one side of the metal sheet, a contact surface is provided along the periphery,
and, on the other, two contact regions, each enclosing a passage opening, are provided, so
that, by joining together the metal sheets with the same sides or planes in each case, contact
surfaces and contact regions always alternately abut one another and are tightly
interconnected, in particular welded or soldered together, in order to separate the first and
second channels in a leak tight manner.

[0011] These problems have been attempted solved in another known type where in one and
the same casing a plate heat exchanger and a liquid separator are incorporated. This is e.g.
disclosed in US 6,158,238. Here is described a heat exchanger which is built up with a cylindric
casing having a diameter, which is markedly greater than the diameter of the built-in cylindrical
plate heat exchanger, whereby the plate heat exchanger disposed at the bottom of the casing
may be submerged by primary refrigerant while there is still space for a liquid separator



DK/EP 1479985 T3

function. This solution provides a relatively low static pressure, and no pressure drops
problems between evaporator and liquid separator are present either as they are built
together. This kind of submerged plate and casing heat exchanger, however, has the great
disadvantage that a very large and in many cases unacceptable filling of the primary
refrigerant is required, where a large part of the filling is actually just passive and uselessly
provided between casing and plate heat exchanger. The efficiency of the system compared
with space requirements is also not optimal since by this design there is needed a casing with
a diameter which is often in the range 1.5 - 2 times the diameter of the built-in plate heat
exchanger.

[0012] Anocther and very significant disadvantage of the above systems is that mixing occurs
in the primary refrigerant between the upwards directed flow coming from evaporation of the
primary refrigerant and the refrigerant in liquid state which is on its way back to the bottom of
the casing. At the bottom of the casing may hereby occur a lack of refrigerant whereby the
efficiency is considerably reduced.

[0013] It is the purpose of the invention to indicate a plate heat exchanger used as a
submerged evaporator that can operate with a markedly increased capacity compared with
prior art heat exchangers, where the heat exchanger does not require more space than prior
art evaporators, and furthermore where there is need for a considerably less filling volume of
the primary refrigerant than in prior art units.

[0014] This may be achieved with a heat exchanger which is made with an outer contour that
substantially follows the lower contour of the casing and the liquid level in operation of the
primary refrigerant which plate heat exchanger comprises plates, which plates are provided
with a pattern of guiding grooves, wherein the guiding grooves of each plate at an upper edge
of the plates are pointing in opposite directions on respective sides of a vertical longitudinal
centre plane of the cylindric casing towards the inner periphery of the casing on the respective
side of the vertical longitudinal centre plane of the cylindric casing with an angle greater than
0° and smaller than 90° in relation to level. With such a design of the plate heat exchanger, the
size of the entire evaporator may be optimised so that substantially less space is occupied than
by prior art types of submerged evaporator with the same capacity. The primary reason for this
is that the internal volume is utilised better. A submerged evaporator of this type furthermore
has a minimal static pressure and a minimal pressure loss between evaporator and liquid
separator and of course a substantially less filling than a traditional evaporator with the same
capacity. The plate heat exchanger is made with a shape following the internal contour of the
casing. Typically, we are speaking of a traditionally shaped cylindric casing with welded or
screwed ends where internally there is fitted a plate heat exchanger having a partly cylindric
shape, e.g. a semi-cylindrical shape, and an outer diameter which is 5-15 mm less than the
inner diameter of the casing. With this design, there is achieved a submerged evaporator with
a markedly reduced filing of primary refrigerant. In order to attain maximum effect of the
submerged evaporator, it is, as indicated, to be submerged, and with a submerged evaporator
according to the invention, only a limited volume is required as only a minimal waste volume is
present, i.e. no large passive areas between the sides of the heat exchanger and the casing
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are to be filled by the primary refrigerant. According to the invention, a plate heat exchanger is
built up of plates that are embossed with a pattern of guide grooves pointing towards the inner
periphery of the casing at the upper edge of the plates with an angle greater than 0° and
smaller than 90° in relation to level, and preferably with an angle between 20° and 80°. With
these guide grooves a more rapid and more optimal leading back of unevaporated refrigerant
as the refrigerant is achieved is conducted towards the inner periphery of the casing and then
flows down along the sides of the casing and back to the bottom of the plate heat exchanger.
In this way, the liquid separating action is enhanced since it is hereby ensured that possible
liquid carried with remains in the liquid separator/casing.

[0015] The guiding grooves could point towards the inner periphery of the casing at the upper
edge of the plates with an angle of 60° in relation to level.

[0016] In an embodiment of the invention, the plate heat exchanger is designed so that the
longitudinal sides of the plate heat exchanger are closed for inflow or outflow of the primary
refrigerant between the plates of the plate heat exchanger, and that in the bottom of the plate
heat exchanger there is provided at least one opening through which the primary refrigerant
flows in between the plates of the plate heat exchanger. With these closed sides is achieved
the advantage that liquid carried with the evaporated refrigerant can be conveyed back to the
bottom of the plate heat exchanger without mixing evaporating refrigerant and unevaporated
refrigerant liquid on its way back to the bottom of the evaporator again is occurring.

[0017] In a preferred variant of the invention, longitudinal guide plates extending from an area
in the vicinity of the top side of the plate heat exchanger and downwards against the bottom of
the casing are provided in longitudinal gaps appearing between plate heat exchanger and
casing, where the downwardly extension of the guide plates has a magnitude so that a
longitudinal area at the bottom of the plate heat exchanger is held free from guide plates,
where the primary refrigerant may flow in between the plates of the plate heat exchanger. By
this design is also achieved that the downwardly flowing liquid is not admixed with upwardly
flowing liquid, whereby the efficiency of the heat exchanger in the submerged evaporator is
increased significantly.

[0018] A plate heat exchanger according to the invention may be adapted so that fluid may
flow to and from the plate heat exchanger via one inlet connection and one outlet connection,
respectively, at the upper edge of the plates. Alternatively, the fluid may flow to and from the
plate heat exchanger via one connection at the bottom of the plates and one connection at the
upper edge of the plates, respectively. A further alternative is that fluid may flow to and from
the plate heat exchanger via one connection at the bottom of the plates and two connections at
the upper edge of the plates, respectively. With these connection possibilities, such a
submerged evaporator may be adapted to many different operating conditions, where the
different connecting arrangements may be associated with advantages for different reasons.
Direction of flow may be chosen freely, depending on the actual operating conditions.

[0019] Finally, a plate heat exchanger according to the invention may include a suction
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manifold disposed in the "dry" part of the casing and extending in longitudinal direction of the
evaporator with a length substantially corresponding to the length of the plate heat exchanger.
This manifold has the effect that, due to even suction of the gases, the liquid separation action
is improved, and the size of the casing may be kept at a minimum level and possibly be
reduced.

[0020] In the following, the invention is described with reference to the drawing, which, without
being limiting, shows a preferred embodiment of a submerged evaporator according to the
invention, where:

Fig. 1
shows the prior art type of submerged evaporator with submerged plate heat exchanger,
Fig. 2
show a cross-section of a submerged evaporator with plate heat exchanger according to
the invention as seen from the end,
Fig. 3
shows a submerged evaporator seen from the side,
Fig. 4
shows position of guide plates,
Fig. 5
shows possible design of guide grooves in the plates of the heat exchanger, and
Fig. 6
shows different connecting possibilities for the fluid.

[0021] On Fig. 1 is seen a prior art submerged evaporator 2 with submerged plate heat
exchanger 4. The casing 6 has a diameter which is typically 1.5 to 2 times larger than the
diameter of the cylindric plate heat exchanger 4, which is necessary since the cylindric plate
heat exchanger 4 is to be covered with the primary refrigerant liquid 10 while at the same time
sufficient space is to remain for the liquid separator function. As a natural consequence of the
diameter difference between the plate heat exchanger 4 and the surrounding casing 6, a
relatively large volume is provided at the sides 8 of the heat exchanger, filled with primary
refrigerant 10. This large volume is, however, also necessary in order to ensure that not too
much mixing occurs between the refrigerant 10, which is on its way down to the evaporator
bottom 12, and the refrigerant 10, which is brought to evaporate between the plates of the
plate heat exchanger.

[0022] Fig. 2 shows a submerged evaporator 14 with a plate heat exchanger 4 according to
the invention, where it is clearly seen that the heat exchanger 4 almost entirely fills the
submerged part of the casing 6, and thus does not require so large filling with primary
refrigerant 10 as with the prior art. The cross-section shown here illustrates that the heat
exchanger 4 has a semi-cylindrical cross-section, but may of course be made with any
conceivable kind of part cylindric cross-section or with another shape utilising the actual shape
of the casing 6 optimally. Typically, the plate heat exchanger 4 may be provided with a cut-off
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or flat bottom 16 as depicted on Fig. 4.

[0023] On Fig. 3 is seen the same unit as on Fig. 2, but here in a longitudinal section of the
unit 14, i.e. in a side view. On this Figure is seen a suction manifold 18 disposed inside the
casing 6 in the dry part 20 constituted by the liquid separator. This manifold 18 provides an
optimised utilisation of the evaporated refrigerant 10 and thereby an increased efficiency. At
the end of the casing 6 is seen the lead-in of the connecting connections 24 where the fluid 26
is conducted into and out of, respectively, the plate heat exchanger 4. The direction of flow
may be chosen freely depending on diverse conditions.

[0024] The plate heat exchanger 4 may, as mentioned previously, be equipped with guide
plates 28 between the sides of the heat exchanger 4 and of the casing 6. An example of
placing guide plates 28 appears on Fig. 4. Moreover is seen that the casing 6 may be
reinforced with one or more horizontal braces 30 fastened between the end plates 22. An
alternative solution for ensuring that refrigerant 10, which is on its way back to the bottom 12 of
the casing 6, is not mixed with and carried on by evaporated refrigerant 10, is welding of
individual plates 34 along the sides 8 of the plate heat exchanger; alternatively, the individual
plates may be designed so that they, in mounted condition, are lying closely together, whereby
the same effect is attained. With this solution is ensured a passage 32 between heat
exchanger 4 and casing 6, where refrigerant 10 may flow freely towards the bottom 12 of the
casing 6. At the bottom 12 of the plate heat exchanger there is, of course, free access between
the plates 34 so the primary refrigerant 10 may flow in between the plates 34 and be brought
to evaporate.

[0025] The individual plates 34, which the plate heat exchanger 4 is made up of, are normally
embossed with a pattern called guide grooves 36, see Fig. 5, and having the purpose of
ensuring a more optimal heat transfer as well as contributing to respective refrigerants 10
being conducted optimally through the heat exchanger 4. At the upper edge 44 of the heat
exchanger plates 34, these grooves 36 typically are directed against the casing 6 with an angle
greater than 0° and smaller than 90°, and on Fig. 5 the angle is about 60° in relation to level. It
is apparent that this angle may vary, depending on the design of the rest of the system. Also, it
is clear that the direction of the mouth of these guide grooves 36 does not necessarily have
any connection to the way in which the grooves 36 are designed in the remaining area of the
plates 34. As previously mentioned, this design is determined from heat transmission aspects.

[0026] On Fig. 6 are seen three different possibilities for connecting 24 piping for the fluid 26.
Fig. 6.1 shows inlet 24.1 at the right side and outlet 24.2 at the left side of the plate heat
exchanger 4, and Fig. 6.2 shows inlet 24.1 at the bottom 12 of the plate heat exchanger 4 and
outlet 24.2 in the top 44 at the middle. Finally, Fig. 6.3 shows inlet 24.1 at the bottom 12 as
shown on Fig. 6.2, but here there are two outlet connections 24.2 at the upper edge 44
corners of the heat exchanger 4. The shown connection possibilities are just examples and are
not in any way to be viewed as limiting for the choice of connection arrangement. The fluid may
be single phase but may e.g. also be a condensing gas.
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[0027] Heat transmission occurs from the fluid 26 to the primary refrigerant 10, whereby the
primary refrigerant 10 is heated to a temperature above the boiling point of the medium.
Therefore, boiling with development of steam bubbles in the primary refrigerant 10 occurs.
These steam bubbles seek upwards in the ducts formed between the plates 34 of the heat
exchanger. Simultaneously, the rising bubbles result in an upward liquid flow, increasing the
efficiency of the evaporator. At the same time, the upward flow results in a downward flow in
the ducts 32, where the primary refrigerant 10 flows downwards, primarily on liquid form.
Thereby is ensured an efficient flow around and through the ducts of the evaporator.
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S1-
NEDSZANKET EVAPORATOR OMFATTENDE EN PLADEVARMEVEKSLER OG ET CYLINDRISK
HUS, HVORI PLADEVARMEVEKSLEREN ER PLACERET

PATENTKRAV

1. Neds@nket evaporator (14), der omfatter en pladevarmeveksler (4) og et cylindrisk hus (6), hvilken
pladevarmeveksler (4) er placeret i huset (6), har en delvis cylindrisk form og har mindst én
indgangsforbindelse (24.1) og mindst én udgangsforbindelse (24.2) til fluid (26), hvor pladevarmeveksleren
befinder sig ved en nedre halvdel af huset (12), hvor et primart kglemiddel (10) strgmmer omkring og
gennem pladevarmeveksleren (4) og fluidet (26) strgmmer gennem pladevarmeveksleren (4), og hvor en
gvre del af huset (6) anvendes som vaskeseparator, hvor pladevarmeveksleren (4) er fremstillet med en
ydre kontur, der i alt vasentligt fglger den nedre kontur af huset (6), og et vaeskeniveau i drift af det
primare kglemiddel (10), hvilken pladevarmeveksler (4) omfatter plader (34), kendetegnet ved, at pladerne
(34) er forsynet med et mgnster med styreriller (36), hvor hver plades (34) styreriller (36) ved en gvre kant
(44) af pladerne peger i modsatte retninger pa tilsvarende sider af et vertikalt langsgaende centerplan af det
cylindriske hus mod en indre periferi af huset (6) pad den tilsvarende side af det vertikale langsgaende
centerplan af det cylindriske hus med en vinkel, der er stgrre end 0° og mindre end 90° i forhold til
vacskeniveauct.

2. Nedsznket evaporator ifglge krav 1, kendetegnet ved, at styrerillerne (36) peger mod en indre
periferi af huset (6) ved en gvre kant (44) af pladerne med en vinkel mellem 20° og 80°.

3. Nedsanket evaporator ifglge krav 2, kendetegnet ved, at styrerillerne (36) peger mod den indre
periferi af huset (6) ved den @vre kant (44) af pladerne med en vinkel pa 60° i forhold til niveau.

4. Neds®nket evaporator ifglge et af kravene 1-3, kendetegnet ved, at l®ngdesider af
pladevarmeveksleren (8) er lukket for indstrgmning eller udstrgmning af det primare kglemiddel (10)
mellem pladerne (34) af pladevarmeveksleren (4), og ved, at der i bunden (12) af pladevarmeveksleren (4)
er tilvejebragt mindst én abning, hvorigennem det primere kglemiddel (10) strgmmer ind mellem pladerne
(34) af pladevarmeveksleren.

S. Nedsanket evaporator ifglge et hvilket som helst af kravene 1-4, kendetegnet ved at vare tilpasset
saledes, at et sekundart fluid (26) strgmmer til og fra pladevarmeveksleren (4) via henholdsvis én
indgangsforbindelse (24.1) og én udgangsforbindelse (24.3) ved en gvre kant (44) af pladerne.

6. Nedsanket evaporator ifglge et hvilket som helst af kravene 1-5, kendetegnet ved at vare tilpasset
saledes, at fluid (26) strgmmer til og fra pladevarmeveksleren (4) via henholdsvis én forbindelse (24) ved
bunden (12) af pladerne (34) og én forbindelse (24) ved en gvre kant (44) af pladerne.
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