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(57) Abstract: A plate pack for a plate heat exchanger comprises a number of heat transfer plates (100) having a number of through
ports (110a-d, 120a-f), said plates interacting in such manner, that the plates (100) form between them a first flow duct and a second
~~ flow duct and that the ports form at least one inlet duct and at least one outlet duct for each of the flow ducts, that the inlet duct of
at least the first flow duct comprises at least one primary duct and at least one secondary duct. The primary duct and the secondary
duct communicate with each other via at least one flow passage portion spanning a plurality of plate interspaces. The extension of
the flow passage portion along the primary duct is substantially smaller than the extension of the primary duct. There is substantially
no flow passage between the primary and secondary ducts outside said flow passage portion. It is further described a plate heat

exchanger comprising at least one plate pack of the above type.
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PLATE PACK, FLOW DISTRIBUTION DEVICE AND PLATE
HEAT EXCHANGER

Technical Field of the Invention

The present invention relates to a plate pack for
a plate heat exchanger, comprising a number of heat
transfer plates, each of which has a heat transfer por-
tion and a number of through ports, said plates inter-
acting in such manner, that a first flow duct is formed
between them in a plurality of first plate interspaces
and a second flow duct is formed in a plurality of second
plate interspaces and that the ports form at least one
inlet duct and at least one outlet duct for each of the
flow ducts, that the inlet duct of at least the first
flow duct comprises at least one primary duct, which is
arranged to receive a fluid flow for the first flow duct,
and at least one secondary duct, which communicates with
the primary duct and the first flow duct and which is
arranged to receive the fluid flow from the primary duct
and to convey the fluid flow to the first flow duct.

The invention further relates to a flow distribu-
tion device for use in an inlet duct of a plate heat
exchanger, and a plate heat exchanger.

Background Art

A plate heat exchanger may comprise a “frame plate”,
a “pressure plate” and a number of intermediate heat
transfer plates clamped together in a “plate pack”. The
heat transfer plates are arranged and designed so that
flow paths for at least two heat transfer media are
formed between them. Each heat transfer plate is provid-
ed with a number of through ports, which together form
at least two inlet ducts and two outlet ducts extending
through the plate pack. One of the inlet ducts and one
of the outlet ducts communicate with each other via some
of the flow paths, which form a flow duct for one heat

transfer medium, and the other inlet and outlet ducts
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communicate with each other via the other flow paths,
which form a flow duct for another heat transfer medium.

The plate heat exchanger works by two different
heat exchanging media being supplied, each via a separate
inlet duct, to two separate flow ducts, where the warmer
medium transfers part of its heat content to the other
medium by means of heat transfer plates. The two media
can be different liquids, gases, vapours or combinations
thereof, so-called two-phase media.

The plate heat exchanger concept will be described
in more detail in connection with a plate heat exchanger
intended for so-called two-phase application and describ-
ed in the Alfa Laval AB brochure The plate evaporator
from 1991 (IB 67068E) (see Fig. 1).

The medium that is to be completely or-partially
vaporigsed, for example juice that is to be concentrated,
is supplied to the heat exchanger through an inlet form-
ed by two openings in the frame plate. These two openings
lead directly to a common first inlet duct, which extends
through the pack of heat transfer plates. Vapour is sup-
plied to the flow ducts formed between the heat transfer
plates and intended for this purpose through a second
inlet duct. This second inlet duct is formed by ports
located in an upper corner portion of the plates and,
since the wvapour takes up a relatively large volume, it
has a relatively large cross-sectional area.

When the plate heat exchanger is in operation the
vapour flows downwards in its interspaces and is com-
pletely or partially condensed. The condensate is dis-
charged through two outlet ducts, which are defined by
ports in the two lower corners of the plates and which
lead out from the plate heat exchanger via two connecting
ports in the frame plate. The second medium is conveyed
upwards in its interspaces and is completely or partially
vaporised before being finally discharged via an outlet
duct, which is formed by ports located in the other upper
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corner of the plates and which leads out via a connecting
port in the frame plate.

A problem associated with this technigque is that in
long plate heat exchangers, i.e. plate heat exchangers
with a large number of heat transfer plates in the plate
pack, the amount of flow of the two media in the plate
interspaces tends to vary along the length of the plate
heat exchanger. Therefore, the maximum capacity of the
plate heat exchanger cannot be exploited. Even if one or
several plate interspaces are utilised at maximum capa-
city, there is a fairly large number of plate interspaces
whose utilisation level is considerably below the maximum
capacity. This problem is accentuated in two-phase appli-
cations, since the vapour phase of a medium has different
characteristics than the liquid phase. This means that
the vapour phase and the liquid phase will behave diffe-
rently in the heat exchanger and thus present a different
distribution in the plate interspaces concerned.

Another problem associated with most plate heat
exchangers is that it is difficult, in many cases, to
obtain an even distribution of the fluid flow across the
whole width of each plate, i.e. across the entire heat
transfer portion. One way to try to improve the distri-
bution is to give the plate ports intended to form the
inlet duct an elongate shape, as shown in Fig. 1. To
facilitate connection of the heat exchanger to other
devices it is possible to use, for instance, two con-
necting ports in the frame plate, which connect direct-
ly to the inlet duct having an elongated cross-section.
In general, it is undesirable to have such abrupt dimen-
sional variations in a duct. Because of the dead flow
space formed immediately behind the connecting ports of
the frame plate, the first interspaces do not get the
desired distribution of liquid. Instead any gases present
have a tendency to flow in these plate interspaces.

The above-related problems arise even if the plate

heat exchanger is not being used for two-phase applica-
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tions, but they are particularly pronounced in two-phase
applications.

W097/15797 discloses a plate heat exchanger, which
is intended for evaporation of a liquid, for example a
refrigerant. This plate heat exchanger has an inlet duct
and a distribution duct, which extend through the plate
heat exchanger and communicate with each other along the
whole length of the plate heat exchanger. The purpose of
the distribution duct is, inter alia, to create substan-
tially equal flows in the different plate interspaces by
serving as an expansion or equalization chamber between
the inlet duct and the plate interspaces. The proposed
design does not, however, provide a completely satisfying
gsolution for all operational situations in which conven-
tional industrial plate heat exchangers are used.

GB-A-2 052 723 and GB-A-2 054 124 disclose two
variants of a plate heat exchanger having a front and a
rear gsection of plate interspaces. To allow the flow to
the plate heat exchanger to reach the rear section, the
plate heat exchanger is provided with a by-pass duct
consisting of a pipe, which is concentrically arranged in
the inlet duct. The purpose of the concentric pipe is to
convey part of the flow to the rear section. The plate
interspaces of the first section communicate directly
with the front portion of the inlet duct. The plate
interspaces of the second section communicate directly
with the rear portion of the inlet duct.

Consequently, there are no prior art constructions,
which give a satisfactory flow distribution both along
the length of the plate heat exchanger and across the
width of the plates. Above all, there is no prior art
construction that solves these problems in two-phase
applications.

Summary of the Invention

The object of the invention is to provide a solu-
tion, which allows a satisfactory flow distribution
along the length of the plate heat exchanger and across
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the width of the plates, and by means of which it is also
possible to avoid the above distribution problems in two-
phase applications.

The present object is achieved by means of a plate
pack of the type described by way of introduction, char-
acterised in that the primary duct and the secondary
duct communicate with each other through at least one
flow passage portion spanning a plurality of plate inter-
spaces, that the extension of the flow passage portion
along the primary duct is substantially smaller than the
extension of the primary duct, and that there is substan-
tially no flow passage between the primary and secondary
ductg outside said flow passage portion.

By providing the plate pack with one primary and one
secondary duct, and supplementing this configuration with
the flow passage described above, a plate pack in which
the fluid flow can be advantageously distributed both
along the length of the plate pack and across the width
of the plates is obtained. The fluid flow which has
flowed from the primary duct through the flow passage
will whirl around in the secondary duct, largely because
of the limited extension of the flow passage, and will
thus be evenly distributed along the length of the plate
pack. By controlling in which plate interspaces the fluid
will flow between the primary and secondary ducts, the
flow in the secondary duct can be controlled and thus the
flow distribution across the length of the plate pack. In
addition, the limited extension of the flow passage por-
tion along the length of the primary duct means that
different fluid phases will not prefer different ways
between the primary and secondary ducts, but substantial-
ly the same phase distribution as that of the two-phase
fluid in the primary duct will flow to the secondary duct
and, through this, be distributed between the different
plate interspaces. Owing to the use of one primary duct
and one secondary duct, the secondary duct may further be

designed to spread the fluid flow across the entire width



WO 01/90673 PCT/SE01/01102

10

15

20

25

30

35

6

of each plate, whereas the primary duct may be designed
to allow conventional, round pipes to be connected to the
plate pack. By providing the inlet duct with one primary
duct and one secondary duct, the interface between duct
and heat transfer surface and the interface between duct
and external connections can be designed relatively inde-
pendently from each other. This means that abrupt dimen-
sional variations in the flow paths can be avoided, and
thus also any undesirable turbulence.

Preferred embodiments of the invention are apparent
from the dependent claims.

According to a preferred embodiment, the primary
duct communicates with the secondary duct through at
least two flow passage portions located at a distance
from each other along the primary duct. This means that
a fluid flow can be distributed across long plate packs
while maintaining the positive distribution properties
described above. This embodiment also provides a large
amount of flexibility as regards different forms of sec-
tioning of the plate pack.

According to a further preferred embodiment, a f£low
distribution device is arranged in the primary duct for
deflecting part of the fluid flow in the primary duct via
said flow passage portion. By arranging a flow distribu-
tion device in the primary duct, the amount of fluid flow
deflected from the primary duct in different places along
the primary duct can be regulated in a simple and reli-
able way. The deflecting property of the flow distribu-
tion device also stimulates the equalizing fluid flow in
the secondary duct.

The primary duct advantageously extends through the
whole plate pack, since this is a simple way of supplying
the whole plate pack with fluid.

According to a preferred embodiment, the secondary
duct extends through the whole plate pack. Owing to this
design only one secondary duct is needed for the whole
plate pack.
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According to a preferred embodiment, the secondary
duct is divided into a number of separate sections, each
extending only through part of the plate pack. This
design is particularly suitable in plate packs consisting
of a large number of plates, and it makes it possible to
obtain an equalization of the fluid flow for a determined
number of plate interspaces in each secondary duct. By
distributing the equalizing function among a number of
separate secondary ducts, a slightly lower degree of
equalization for each of the secondary duct sections can
be tolerated, while still obtaining a satisfactory dis-
tribution along the whole length of the plate pack, than
what would have been possible with a single long secon-
dary duct with the same degree of equalization. This
division means that the plate pack can be used in more
varying applications without major performance losses.

The flow distribution device suitably delimits a
gection of the cross-sectional area of the primary duct,
which section is reduced along the primary duct in the
flow direction of the fluid flow. The flow deflected from
the primary duct is thereby supplied to the secondary
duct in a way that is consistent with fluid technology.

According to a preferred embodiment, the flow dis-
tribution device comprises a tubular body surrounding an
inclined ramp. The tubular shape of the body allows it
to be easily arranged and fixed in the inlet duct of the
plate pack. The inclined ramp provides a good deflecting
action, since it allows the fluid to flow along the ramp
in such manner that its flow direction is gradually
redirected.

The front portion of the inclined ramp is advanta-
geously located at a distance from the duct wall of the
primary duct. This ensures that the ramp extends into the
fluid flow of the duct and deflects part of the flow.

The rear portion of the inclined ramp suitably
connects to the duct wall of the primary duct adjacent to

the flow passage between the primary duct and the secon-
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dary duct. This results in the deflected fluid flow being
conveyed directly to the secondary duct.

An appropriate way of reliably deflecting a correct
share of the fluid flow is to provide the inclined ramp
of the flow distribution device with a deflecting edge,
which is oriented in a direction opposite to the fluid
flow.

According to a preferred embodiment, the deflecting
edge extends essentially vertically. This orientation
of the deflecting edge is advantageous in that also two-
phase flows, such as annular or stratified flows, are
divided into approximately equal shares of each of the
different phases. This is important since an uneven
distribution of vapour and liquid, respectively, both
reduces the capacity of the plate heat exchanger and
increases the risk of the heat exchanger “running dry”,
i.e. that the fluid flow between one or several plates
is not sufficient, which may cause solid particles in
the fluid flow to get burnt and stick to the plates.

The inclined ramp suitably comprises an essentially
flat, semi-elliptical sheet. This is a simple way of
ensuring the deflecting action of the flow distribution
device.

The extension of the inclined ramp along the primary
duct is advantageously larger than its largest extension
across the primary duct. As a result, the deflection
obtained does not cause any extensive turbulence.

According to a preferred embodiment, the flow dis-
tribution device comprises a number of outwardly extend-
ing connecting means arranged to be fixed between the
plates in their abutment against each other round the
primary duct. By fixing the flow distribution device in
this way no supplementary means for fixing the flow dis-
tribution device in the duct are needed. The forces of
the tie bars acting to compress the plate pack are there-
by also used to fix the flow distribution device.
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According to a preferred embodiment of the body,

it comprises an open, tubular cage structure, which sur-
rounds and supports the inclined ramp. The body thus sur-
rounding the ramp facilitates a correct positioning of
the ramp in the duct.

According to a preferred embodiment, the body com-
prises a pipe, which surrounds the inclined ramp and
which is provided with an opening in its circumferential
surface, the inclined ramp being connected to said open-
ing. This body design is very robust and does not affect
the fluid flow in the duct very much. It also ensures
that correct shares of the fluid are conveyed to the
secondaxry duct. The tubular shape ensures that unwanted
leaks between primary and secondary ducts are avoided.

The external shape of the flow distribution device
suitably corresponds to the internal shape of the primary
duct. This means that the flow distributor interferes
only to a very small extent with the fluid flow, and
because more or less coincident surfaces can be used,
that it i1s easier to obtain a correct positioning.

According to a preferred embodiment, the flow pas-
sage between the primary duct and the gecondary duct has
an extension length along the primary and secondary ducts
that is smaller than the extension length of each of the
ducts along each other. This construction enhances the
tendency of the fluid flow to present an equalizing,
circulating flow in the secondary duct, resulting in an
excellent distribution across the different plate inter-
spaces communicating with the secondary duct.

According to a preferred embodiment, there is only
one flow passage between the primary and the secondary
duct. This enhances the tendency of the fluid flow to
present an equalizing, circulating flow in the secondary
duct.

By using a plate pack of the kind described above in
a plate heat exchanger, a plate heat exchanger in which

the fluid flow is evenly distributed across the different
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plate interspaces is obtained. The even distribution will
also be obtained in two-phase applications, i.e. when the
fluid has both ligquid and gas phases. The primary duct,
with its flow distribution device, conveys the fluid flow
to the secondary duct, where the fluid flow is equalized.
According to a preferred embodiment, the plate heat
exchanger comprises at least two plate packs, wherein the
primary duct of the first plate pack is connected to and
substantially coincides with the primary duct of the
gecond plate pack, and the secondary duct of the first
plate pack is separated from the secondary duct of the
second plate pack. This construction gives a very favour-
able distribution of the fluid flow along the length of
the plate heat exchanger even if a somewhat less satis-
factory distribution would be obtained locally in a plate
pack.
Brief Description of the Drawings

The invention will be described in more detail
below with reference to the accompanying schematic draw-
ings, which by way of example show currently preferred
embodiments of the invention according to its different
aspects.

Fig. 1 is a schematic illustration of the operation
of a plate heat exchanger according to prior art.

Fig. 2 shows a heat transfer plate for use in a
plate pack according to the invention.

Fig. 3 shows a heat transfer plate and schematically
suggests the placement and orientation of a flow distri-
bution device in the primary duct.:

Fig. 4 is an exploded view of a preferred embodiment
of a plate heat exchanger according to the invention.

Fig. 5 shows a flow distribution device according to
a first preferred embodiment.

Fig. 6 shows a variant of the flow distribution
device shown in Fig. 5.

Fig. 7 shows a flow distribution device according to

a second preferred embodiment.
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Fig. 8 shows part of the flow distribution device in
Fig. 7.

Figs 9-11 illustrate the function of the preferred
embodiments of the flow distribution device in different
two-phase flows.

Figs 12-15 illustrate how the flow is distributed
along the length of the plate heat exchanger according
to prior art (Figs 12-13) and according to a preferred
embodiment of the invention (Figs 14-15).

Fig. 16 is a top view illustrating how flow distri-
bution devices are arranged in the primary ducts accord-
ing to an embodiment of the invention.

Fig. 17 is a top view of an alternative embodiment
with an alternative configuration of the primary and
secondary ducts.

Figs 18 and 19 are two schematic illustrations of
different gasket configurations between a primary duct
and a secondary duct.

Fig. 20 shows an embodiment of the invention, in
which the inclination of the deflecting ramps may be
varied.

Detailed Description of Preferred Embodiments

As shown in Fig. 2 each of the heat transfer plates
100 comprises an upper port portion A, a lower port por-
tion B and an intermediate heat transfer portion C.

In its lower port portion, the plate 100 has two
primary inlet ports 110a-b and a secondary inlet port
110c for a first fluid as well as two outlet ports 120e-£f
for a second fluid. The two outlet ports 120e-f are
located at the plate corners. The two primary inlet ports
110a-b are located inwardly of the outlet ports 120e-f.
The secondary inlet port 110c has an elongate shape and
is located partly between the two primary inlet ports
110a-b and between the primary inlet ports 11l0a-b and the
heat transfer portion C. The secondary inlet port 110c
has an elongate shape and extends across the major part
of the width of the heat transfer portion C.
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In the upper port portion, the plate 100 has two
double inlet ports 120a-b, 120c-d located in the two
corners, said ports forming a continuous inlet duct in
each of the two corners for the second fluid and a cen-
tral outlet port 110d for the first f£luid.

The plate 100 is intended to be arranged in a plate
heat exchanger in the way illustrated in Fig. 4. The
plate heat exchanger comprises a frame plate 210, a pres-
sure plate 220 and a number of intermediate heat transfer
plates 100, which are arranged to be clamped together by
means of conventional tie bars (see Fig. 1), which engage
the frame plate 210 and the pressure plate 220 and pull
them towards each other. The ports 1l1l0a-d, 120a-£f of
the different heat transfer plates 100 coincide to form
inlet and outlet ducts extending through the plate heat
exchanger.

The heat transfer plates 100 have gaskets 131 in
gasket grooves 130 or elevated beads (not shown) arrang-
ed to abut against the adjacent heat transfer plate 100,
thereby delimiting the plate interspaces 250 relative to
the surroundings. The heat transfer plates 100 also have
gaskets or the like, which extend round some of the ports
110a-d, 120a-f described above. The gaskets round the
ports 110a-d, 120 a-f have a different shape on the
respective sides 100a-b of the plates 100 to allow some
of the ports 11l0a-d to communicate with each other along
a first side 100a of the heat transfer portion C of the
plates 100, while the other ports 120a-f communicate with
each other along the other side 100b of the heat transfer
portion C of the plates 100.

In addition, the plateg 100 have some form of cor-
rugation (not shown), which allows them to abut against
each other in a large number of points, so that an inter-
space is formed between the plates 100 even when they are
compressed between the frame plate 210 and the pressure
plate 220.
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As shown in Fig. 4, the first fluid is supplied to
the plate heat exchanger via two connecting ports 21la-b
extending through the frame plate 210 and coinciding with
the primary inlet ports 110a-b of the plates 100. The
primary inlet ports 110a-b form two primary inlet ducts
230a-b, 330a-b (see Figs 4, 16 and 17) extending through
the plate heat exchanger. The first fluid flows from the
primary ducts 230a-b, 330a-b to a secondary duct 240, 230
formed by the secondary ports 110c. The primary ducts
230a-b, 330a-b and the secondary duct 240, 340 communi-
cate with each other via flow passages having a limited
extension along the primary and secondary ducts 230a-b,
330a-b, 240, 340. The secondary duct 240, 340 communi-
cates, in turn, with the plate interspaces 250 that form
the first flow duct 250a.

Different ways of providing the flow passage having
a limited extension will be described below. The limited
extension of the flow passage(s) between the primary and
secondary ducts 230a-b, 330a-b, 240, 340 causes a circu-
lating, equalizing fluid flow to form in the secondary
duct 240, 340, which results in an even flow distribution
across the different plate interspaces 230 along the
length of the secondary duct 240, 340, and thereby along
the length L of the plate heat exchanger.

The limited extension of the flow passage between
the primary ducts 230a-b, 330a-b and the secondary duct
240, 340 may be achieved for example by means of a flow
distribution device 400a-b, 500 (see Figs 5-8), which is
arranged in the primary ducts 230a-b, 330a-b and which
deflects part of the fluid flow in the primary ducts
230a-b, 330a-b and conveys this part to the secondary
duct 240, 340 at certain locations along the extension
of the ducts (see Figs 16-17).

According to a first embodiment of the flow distri-
bution device 400a-b (see Figs 5-6), the device comprises
a body in the form of a tubular, elongate, open cage

structure. The two flow distribution devices in Fig. 5
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and Fig. 6, respectively, are variants of each other and
the same reference numerals have been used to designate
corresponding elements in the two variants. The open cage
structure surrounds and supports an inclined ramp 410.
The open cage structure comprises a number of rings 411
and a number of elongate struts 412, which serve to
interconnect the rings 411. According to both wvariants,
the flow distribution device 400a-b comprises three rings
411. In one variant, the flow distribution device 400a
comprises three struts 412 and in the other the flow dis-
tribution device 400b comprises four struts 412.

According to a second embodiment of the flow distri-
bution device 500, the device comprises a pipe 501, which
has an opening 502 in its circumferential surface. The
flow distribution device 500 further comprises an inclin-
ed ramp 510, which is arranged to cover the opening 502.

The opening 502 is shaped in such manner that it is
defined, in one direction (opposite to the direction F in
Fig. 8), by two edges 503 a,b, which extend from a point
on the circumferential surface 501 and whose relative
distance then increases as the edges 503a-b are located
at an increasing distance from each other in the circum-
ferential direction. This means that, at a first end
(according to the direction F), the opening 502 encom-
passes almost half of the circumference of the circumfe-
rential surface 501 and, at a second end, the opening 502
is terminated by its edges 503a-b converging and connect-
ing to the circumferential surface 501. At the first end
of the opening 502, the edge 503 of the circumferential
surface 501 as defined by the opening 502 is located at a
first radial distance H from the original circumferential
surface 501.

By designing the opening 502 in this way and arrang-
ing an inclined ramp 510 that covers the recess, a
whistle-like structure is obtained. The distance H deter-
mines the amount of the flow F in the pipe 501, which is
deflected.
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Both embodiments of the flow distribution devices
400a-b, 500 are intended to be used in the same way. One
or more flow distribution deviceg are arranged in the
primary duct in different places along the length of the
duct as shown in Figs 4, 16 and 17.

The inclined ramp 410, 510 serves the purpose of
deflecting part of the fluid flow in the primary duct
to the secondary duct. Fig. 3 and Figs 9-11 show how the
inclined ramp 410, 510 is arranged to be oriented. Fig. 3
and Figs 9-11 show the flow distribution device as seen
from the flow direction F (see Figs 5—8). The deflecting
edge 410a, 510a of the inclined ramp, located in the
front portion of the ramp, is located at a radial dis-
tance H from the duct wall, through which the flow dis-
tribution device is arranged to deflect a partial flow.
The deflecting edge 410a, 510a divides the flow in the
primary duct into a main flow Fy and a secondary flow Fg,
which is intended for the secondary duct.

The deflecting edge 410a, 510a is vertically arrang-
ed, which meansg that it has a favourable distribution
function also in two-phase applications (see Figs 10-11).
Both in a “stratified flow” (where the gas phase is
located above the liquid phase) and in an “annular flow”
(where a liquid film surrounds the gas phase) the flow
distribution devices will deflect substantially the same
proportion of the two phases as is present in the main
flow Fy, which means that distribution problems that
otherwise are common in two-phase applications can be
avoided. In a traditional plate heat exchanger, the gas
phase hag a tendency to flow upwards to a great extent
through the first plate interspaces. The radial placement
of the deflecting edge 410a, 510a determines to a high
degree how much of the fluid flow is deflected.

In addition to the radial distance H of the inclined
ramp 410, 510, it is also possible to vary the angle of
inclination and its extension along the primary duct. The

extension is determined, inter alia, by the extension of
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the flow passage between the primary and the secondary
duct. The extension is also determined by the maximum
angle of inclination that can be used without undesirable
turbulence and pressure drops being introduced. The
inclination in turn is dependent on the radial placement
of the deflecting edge and the extension of the ramp.
Each selection of parameter value ig thus influenced

by the other parameter value selections and by the
application in which the plate heat exchanger is to be
used. According to a preferred embodiment, the inclined
ramp 410, 510 has an angle of inclination « of 15° (See
Fig. 16).

Fig. 5 and Fig. 6 show two different variants of the
flow distribution device 400 deflecting different amounts
of the flow in the primary duct.

Another way of providing the limited extension of
the flow passage between the primary and secondary ducts
is to arrange gaskets 131 around the primary ports 11l0a-b
in a number of plate interspaces 250 (gsee Fig. 18) and
only allow the first fluid to flow between the primary
port and the secondary port in a limited number of plate
interspaces. By using partially recessed or cutout gas-
kets 131’ (see Fig. 19) adjacent to the flow passage por-
tion, the flow in the flow passage between the primary
duct and the secondary duct can be regulated. The level
of recessing or the amount of cutout gasket 131’ deter-
mines the deflection and thus corresponds in terms of
function to the selection of inclination, extension and
degree of radial insertion for the inclined ramp in the
flow distribution device. Because the flow passage only
extends across a flow passage portion of a relatively
limited extension, this construction can also be used in
some two-phase applications.

As appears from Figs 14-17, it is preferred that the
plate pack of the plate heat exchanger is divided into a
number of sections. The sectioning is done by the secon-
dary duct 240, 340, 640 being divided into a number of
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sections, each communicating with a number of plate
interspaces. Each section of the secondary duct serves a
certain number of plate interspaces. One way of perform-
ing the division of the secondary duct 240, 340, 640 is
to occasionally arrange a plate 100, in which the secon-
dary port 110c has not been stamped out.

This design is particularly suited for long plate
heat exchangers. The division of the secondary duct
means that the tendency of the flow passage and the flow
distribution device to create an equalizing flow in the
secondary duct can be used also in long plate heat
exchangers.

A conventional plate heat exchanger, which is not
sectioned, is shown in Fig. 12. Fig. 13 illustrates the
distribution tendency of the liquid flow along the plate
heat exchanger, particularly in two-phase applications.
The corresponding tendency in a sectioned plate heat
exchanger is shown in Figs 14 and 15. Owing to the sec-
tioning, an altogether better flow distribution along the
length of the plate heat exchanger is obtained.

In addition, the sectioning means that you can allow
a less satisfactory distribution in each of the sections
and still obtain a better overall distribution. However,
owing to the sectioning it becomes easier to obtain a
gsatisfactory distribution for each of the sectiong, which
means that the overall distribution is considerably
better than in a non-sectioned long plate heat exchanger.

Fig. 16 shows a configuration of two primary ducts
230a-b and a secondary duct 240 supplemented with flow
distribution devices 231 and sectioning of the secondary
duct 240 in two sections 240a-b. In this embodiment, each
of the primary ducts 230a-b communicates with each of the
secondary duct sectionsg 240a-b via two flow passage por-
tions, adjacent to which flow distribution devicegs are
arranged in the primary ducts 230a-b. It is worth noting
that the different passage portions leading from a pri-

mary duct are located at a distance P from each other. In
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addition, the flow passage portions leading from one pri-
mary duct 230a are displaced relative to the correspond-
ing flow passage portion leading from the other primary
duct 230b. This allows an equalizing flow in the diffe-
rent sections 240a-b of the secondary duct 240 to be
obtained.

Fig. 17 shows a configuration of two primary ducts
330a-b and a secondary duct 340, which is divided into
two sections 340a-b. The first section 340a of the
secondary duct 340 is supplied with a fluid from one
primary duct 330b, and the second section 340b of the
gsecondary duct 340 is supplied with a fluid from the
other primary duct 330a. In this embodiment, flow passage
portions 331 are shown, which are defined by the absence
of fully sealing gaskets (see Fig. 19). The flow passage
portions 331 are located in the rear part of the secon-
dary duct sections 340a-b, relative to the flow direction
F, to provide a satisfactory equalization of the flow in
the secondary duct sections 340a-b. The primary duct 340a
gserving the rear section 340b of the secondary duct is
separated from the front section 340a of the secondary
duct by means of gaskets 332 in the plate interspaces.
The sections 340a-b of the secondary duct 340 are sepa-
rated from each other by means of a plate 100’, in which
no secondary port has been stamped out (cf. secondary
port 110c in Fig. 2). The rear portion of the primary
duct 330b serving the front section 340a of the secondary
duct is partly separated from the rear section 340b of
the secondary duct by means of gaskets 332 and partly
separated from the front portion of the primary duct 330b
by means of the plate 100’. To ensure that the plate pack
supports the fluid pressure, a small flow is conveyed to
the rear portion through small openings in the plate 100’
as well as from the secondary duct 340b that runs paral-
lel to said portion. Alternatively, all gaskets between
the primary duct 330b’ and the secondary duct 340b may be

removed.
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Without this delimitation relative to the secondary
duct 340 and the front portion of the primary duct 330b
there would be a stagnant fluid in the rear portion 330b’
of the primary duct 330b.

Fig. 20 shows a configuration of a primary duct
630 and a secondary duct 640, said secondary duct being
divided into three sections 640a-c, each serving a num-
ber of plate interspaces. This configuration comprises
three flow distribution devices 63la-c, which are arrang-
ed in the primary duct 630 and which are each intended to
deflect part of the fluid flow in the primary duct 630 to
the respective sections 640a-c of the secondary duct.

As illustrated in the figure, each of the inclined
ramps of the flow distribution devices 63la-c has a dif-
ferent extension into the primary duct. The distance by
which the different inclined ramps extend into the pri-
mary duct 630 increases in the direction of the flow F
in the plate heat exchanger. The first flow distribution
device 631la deflects a certain amount of the fluid flow
in the primary duct 630. To ensure that the same flow
amount is conveyed to the second section 640b, the second
flow distribution device 631b deflects a larger share of
the remaining fluid flow in the primary duct 630. The
next flow distribution device 631c deflects in turn an
even larger share of the further reduced remaining flow
in the primary duct 630.

This action obtained by means of different insertion
distances of the flow distribution device can also to
some extent be obtained in the gasket variant by wvarying
the size of the flow passage portions along the length of
the plate heat exchanger. A small flow passage porﬁion
thus corresponds to a small insertion distance and a
large flow passage portion corresponds to a larger inser-
tion distance.

In the embodiment shown in Fig. 20, the flow distri-
bution devices may be set or adjusted. This adjustability

is achieved for example by the inclined ramps having a
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variable angle of inclination. The plate heat exchanger
comprises a control unit 700, which includes the neces-
sary control equipment, and actuating means 632a-c. In
Fig. 20, the actuating means 632a-c are shown as elon-
gate struts that are actuated by some kind of motor or
piston in the control unit. It is possible to achieve the
adjustability in a number of other ways, for example by
using servomotors supporting the inclined ramps or by
using wire ropes instead of the struts shown, combined
with some kind of back spring suspension of the ramps
allowing them to assume a certain angle of inclination a.

By making the flow distribution devices adjustable,
one and the same plate heat exchanger may be used within
a considerably larger capacity range than conventional
plate heat exchangers. Depending on the total incoming
fluid flow, smaller or larger amounts can be deflected to
the different sections of the plate heat exchanger. It is
even possible to shut off one or more sections of the
plate heat exchanger in order to handle a different capa-
city requirement or to clean them by closing the flow
distribution devices 63la-c completely. In a conventional
plate heat exchanger, which is not provided with primary/
gecondary ducts or sectiong, the fluid flow otherwise
tends to be unevenly distributed if the fluid flow sup-
plied does not correspond to the fluid flow for which the
heat exchanger was designed.

It will be appreciated that a number of modifica-
tions to the embodiments described herein are possible
within the scope of the invention, as defined in the
following claims.

For example, the different configurations of pri-
mary and secondary ducts, flow distributors (fixed and
adjustable) whose insertion distance may or may not be
increased along the length of the plate heat exchanger,
recessed or partially cutout gaskets, may be varied
according to current requirements for different applica-

tions.
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CLAIMS

1. A plate pack for a plate heat exchanger com-
prising a number of heat transfer plates (100), each
plate having a heat transfer portion (C) and a number
of through ports (1l0a-d, 120a-f), said plates (100)
interacting in such manner, that a first flow duct is
formed between the plates (100) in a plurality of first
plate interspaces (250) and a second flow duct is formed
between them in a plurality of second plate interspaces
(250), and that the ports (1l0a-d, 120a-f) form at least
one inlet duct and at least one outlet duct for each of
the flow ducts, that the inlet duct of at least the first
flow duct comprises at least one primary duct (230a-b;
330a-b; 630), which is arranged to receive a f£luid flow
for the first flow duct, and at least one secondary duct
(240; 340; 640), which communicates via flow passage with
the primary duct and the first flow duct and which is
arranged to receive the fluid flow from the primary duct
and to convey this fluid flow to the first flow duct,
characterised in

that the primary duct (230a-b; 330a-b; 630) and the
secondary duct communicate with each other via at least
one flow passage portion (231; 331; 631), which spans a
plurality of plate interspaces (250),

that the extension of the flow passage portion (231;
331; 631) along the primary duct (230a-b; 330a-b; 630) is
substantially smaller than the extension of the primary
duct (230a-b; 330a-b; 630), and

that a flow passage between the primary and secon-
dary ducts (230a-b, 240; 330a-b, 340; 630, 640) is sub-
stantially lacking outside said flow passage portion
(231; 331; 631).

2. A plate pack according to claim 1, wherein the

primary duct communicates with the secondary duct through
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at least two flow passage portions located at a distance
from each other along the primary duct.

3. A plate pack according to claim 1 or 2, wherein a
flow distribution device (400; 500) is arranged in the
primary duct for deflection of part of the fluid flow in
the primary duct to the secondary duct at said flow pas-
sage portion (231; 331; 631) and at least one of said
flow passage portions (231; 331; 631) respectively.

4., A plate pack according to any one of claims 1-3,
wherein the primary duct extends through the whole plate
pack.

5. A plate pack according to any one of claims 1-4,
wherein the secondary duct extends through the whole
plate pack.

6. A plate pack according to any one of claims 1-4,
wherein the secondary duct is divided into a number of
separate sections (240a-b; 340a-b; 640a-c), each extend-
ing only through part of the plate pack.

7. A plate pack according to any one of claims 3-6,
wherein the flow distribution device delimits a section
of the cross-sectional area of the primary duct, said
gsection being reduced along the primary duct in the flow
direction of the fluid flow.

8. A plate pack according to any one of claims 3-7,
wherein the flow distribution device comprises a tubular
body, which surrounds an inclined ramp (410; 510).

9. A plate pack according to claim 8, wherein the
front portion (410a; 510a) of the inclined ramp is locat-
ed at a distance from the duct wall of the primary duct.

10. A plate pack according to claim 8 or 9, wherein
the rear portion of the inclined ramp (410; 510) connects
to the duct wall of the primary duct adjacent to the flow
passage between the primary duct and the secondary duct.

11. A plate pack according to any one of claims
8-10, wherein the inclined ramp (410; 510) of the flow
distribution device has a deflecting edge (410a; 510a),
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which is oriented in a direction opposite to the flow of
the f£luid.

12. A plate pack according to claim 11, wherein the
deflecting edge (410a; 510a) has a substantially wvertical
extension.

13. A plate pack according to any one of claims
8-12, wherein the inclined ramp (410; 510) comprises a
substantially flat, semi-elliptic sheet.

14. A plate pack according to claims 12 and 13,
wherein the deflecting edge (410a; 510a) is defined
by one of the main ellipse axes of the sheet.

15. A plate pack according to any one of claims
8-14, wherein the extension of the inclined ramp (410;
510) along the primary duct is greater than its maximum
extension across the primary duct.

16. A plate pack according to any one of claims
3-15, wherein the flow distribution device (400;500)
comprises a number of outwardly extending connecting
means (413, 513), which are arranged to be fixed between
the plates in their abutment against each other round the
primary duct.

17. A plate pack according to any one of claims
8-16, wherein the body comprises an open, tubular cage
structure (400a-b), which surrounds and supports the
inclined ramp (410).

18. A plate pack according to any one of claims
8-16, wherein the body comprises a pipe (501), which
surrounds the inclined ramp (510) and which is provided
with an opening (502) in its circumferential surface
(501) , the inclined ramp (510) being connected to said
opening (502) .,

19. A plate pack according to any one of claims
3-18, wherein the flow distribution device has an exter-
nal shape, which substantially corresponds to the inter-
nal shape of the primary duct.

20. A plate pack according to any one of claims
1-19, wherein the flow passage (231; 331; 631) between
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the primary duct and the secondary duct along the primary
and secondary ducts has an extension that is smaller than
the extension of each of the ducts along each other.

21. A plate pack according to any one of claims
1-20, wherein there is only one flow passage between the
primary duct and the secondary duct.

22. A plate pack according to any one of claims
6-21, wherein the inlet duct of the first flow duct com-
prises two primary ducts (330a, 330b), wherein one of the
primary ducts (330b) communicates via flow passage with a
first section (340a) of the secondary duct and the second
primary duct (330a) communicates via flow passage with a
second section (340b) of the secondary duct.

23. A plate heat exchanger, characterised
in that it comprises at least one plate pack according to

any one of claims 1-22.



WO 01/90673

1/12

g AN
i =zl
N

PCT/SE01/01102

Fig. 1

PRIOR ART

SUBSTITUTE SHEET (RULE 26)




WO 01/90673 PCT/SE01/01102

2/12




WO 01/90673

3/12

PCT/SE01/01102

F
H 410a, 510a

J

Fs

| / \410a, 510a

Fs

Fig. 3



WO 01/90673 PCT/SE01/01102

210

211b

211a

SUBSTITUTE SHEET (RULE 26)






WO 01/90673 PCT/SE01/01102

6/12




WO 01/90673 PCT/SE01/01102

Fig. 11



PCT/SE01/01102

WO 01/90673

Gl biH

8/12

yL bl

5

TILIELLTITTT

| ITTITT

IEENENEARRN

[ANANRENNEEE]

(NEERNNEN

e}

——




PCT/SE01/01102

WO 01/90673

9/12

Lec

182 LEC

Y

A

LeC

q0v¢



WO 01/90673 PCT/SE01/01102

1007
340a //
N i
S| A
T~ -
DAl
T
331\_/// /:; N _/332

330a\////7'\ al | .




WO 01/90673 PCT/SE01/01102

11/12

T Fig. 18




PCT/SE01/01102

WO 01/90673

12/12

oz b

NN

AN

004

qce9
thb
5 omw
NQ/W 2169 28

\
AN
\

2059

TS

0r9



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 01/01102

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: F28F 3/08, F28D 9/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC7: F28B, F28D, F28F, B01D, F25B

classification symbols)

Documentation searched other than minimum documentation to the

SE,DK,FI,NO classes as above

extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name

of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A FR 1128148 A (M. ANDRE HUET), 2 January 1957
(02.01.57)
A GB 2052723 A (THE A.P.V. COMPANY LIMITED),
28 January 1981 (28.01.81)
A GB 2054124 A (THE A.P.V. COMPANY LIMITED),
11 February 1981 (11.02.81)
A EP 0289424 Al (VALEO CHAUSSON THERMIQUE),
2 November 1988 (02.11.88)

Further documents are listed in the continuation of Box C. Ijl See patent family annex.
* Special categories of cited documents: “T" later document published after the international filing date or priority
"A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"B’ ?—?ﬂi erdapplicatjon or patent but published on or after the international  vxv  gocument of particular relevance: the claimed invention cannot be
| lingdate N . considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other . .
special reason (as specified) "Y” document of particular relevance: the claimed invention cannot be
o~ . . e considered to involve an inventive step when the document is
[} ;ir?ecax;r?ent referring to an oral disclosure, use, exhibition or other combined with one or more other sucg documents, such combination
B ) . . . . . being obvious to a person skilled in the art
“P" document published prior to the international filing date but later than o :
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search

27 August 2001

Date of mailing of the international search report

06 -09- 2001

Name and mailing address of the ISA/

swedish Patent Office
Box 5055, S-102 42 STOCKHOLM
Facsimile No. +46 § 666 02 86

Authorized officer

Annette Riedel / JA A
Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1998)




INTERNATiONAL SEARCH REPORT International application No.
PCT/SE 01/01102

;
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A W0 9715797 Al (TETRA LAVAL HOLDINGS & FINANCE
S.A.), 1 May 1997 (01.05.97)

A US 5174370 A (HALLGREN), 29 December 1992
(29.12.92)

A US 5226474 A (HALLGREN), 13 July 1993 (13.07.93)

A US 5924484 A (ANDERSSON ET AL), 20 July 1999
(20.07.99)

A US 4373579 A (JERNQVIST ET AL), 15 February 1983
(15.02.83)

Form PCT/ISA/210 (continuation of second sheet) (July 1998)



INTERNATIONAL SEARCH REPORT

Information on patent family members

02/08/01

International application No.

PCT/SE 01/01102

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

FR 1128148
GB 2052723
GB 2054124
EP 0289424
WO 9715797
us 5174370
us 5226474

02/01/57

01/05/97

29/12/92

13/07/93

3021246 A
2458784 A
4303124 A

3021246 A
2458784 A
2461225 A
4287945 A
4303124 A

3860687 D
2614684 A,B

7352796 A
0857287
1276990
MI952192
2000506592
5971065

>>w>

9105709 A
69106291 D

477346 T
0477346 A,
0477346 T3
2968041 B
5501148 T

466871 B
9001353 A
9116589 A

9105744
69102755

485555
0485555
0485555
2060386
2968042
4506996

466171
9001633 A
9117406 A

w—lw—ld:b—lclt-

,C

s o ot St S o P o G O SO g e g S S P S Pt S St D A B B M Mk B ot Mt ok St e S o e o o et b B

18/12/80
02/01/81
01/12/81

- P o it ot i i e et P G B T A P B it Bt ot o M e e o e P o e . e P e M it Sl B B B St S P G et B T P Bt B ek S e et S et B B

18/12/80
02/01/81
30/01/81
08/09/81
01/12/81

e et i 4 e S o Ot o T O P S ot S B B B Bt e S 8 Y S bt o £ el Y e St At M o o S M B P P e S i St S P B S P e P o o

00/00/00
04/11/88

15/05/97
12/08/98
03/11/97
24/04/97
30/05/00
26/10/99

04/08/92
18/05/95
20/03/95
01/04/92

25/10/99
04/03/93
13/04/92
18/10/91
31/10/91

04/08/92
27/10/94
01/08/94
20/05/92

16/11/94
25/10/99
03/12/92
07/01/92
09/11/91
14/11/91

o 1 e e B e St e v B S T Y o o S o D P o i v o et P S S o S o S St B o o St ey o i i o MM O D P P Sk et

Form PCT/ISA/210 (patent family annex) (July 1998)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

02/08/01 | PCT/SE 01/01102
Patent document Publication Patent family Publication
cited in search report date member(s) date
us 5924484 A 20/07/99 AU 686184 B 05/02/98
AU 7087594 A 17/01/95
CA 2164952 A 05/01/95
CN 1127548 A 24/07/96
DE 69409647 D, T 06/08/98
DK 702777 T 02/06/98
EP 0702777 A,B 27/03/96
SE 0702777 T3
JP 8511863 T 10/12/96
SE 502984 C 04/03/96
SE 9302136 A 18/12/94
WO 9500810 A 05/01/95
us 4373579 A 15/02/83 CA 1121333 A 06/04/82
DE 3022769 A 12/02/81
DK 289380 A 07/01/81
FR - 2461223 A,B 30/01/81
GB 2054820 A,B 18/02/81
JP 56034095 A 06/04/81
SE 417458 B,C 16/03/81
SE 7905915 A 07/01/81

Form PCT/ISA]210 (patent family annex) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

