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(54) PLATE HEAT EXCHANGE MODULE

(57) A plate heat exchange module comprising two
plates featuring a rib structure, where each plate is fitted
with an inlet connection and outlet connection for the
working agent which flows through the plate is charac-
terised in that the rib structure takes the form of turbulis-
ing elements (2) arranged in rows on one side of each of
the plates (1A, 1B), while the other side of each plate (1A,

1B) is flat, where theheight (h) of the turbulising elements
(2) in any successive row is different with respect to the
preceding row by the same value, and where the plates
(1A, 1B) are set together so that positioned on one plate
on its sidewhich features the lowest turbulising elements
(2) is thesideof theotherplatewith thehighest turbulising
elements (2).

EP
4
55

6
84

0
A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 556 840 A1 2

Description

[0001] The invention concerns a plate heat exchange
module.
The invention is intended for energy-efficient heating and
cooling devices, and for energy systems.
[0002] Known in the prior art are plate heat exchangers
in which the plates feature ribs of various shapes, ar-
ranged in various patterns of configuration. It is known
that the shape, size, and configuration of the ribs carry an
impact on heat exchange parameters.
[0003] Known from patent document EP 4 089 359 A1
is a heat exchanger plate fitted with numerous corruga-
tions in the shape of ridges and grooves which form the
flow paths along the plate surface, where the ridges
and/or grooves are asymmetrical in shape with respect
to the central ridge and/or groove line. The plates are set
together to form a heat exchanger and can be bonded to
one another permanently or detachably.
[0004] Known from patent document US
2023/0175785 A1 is a flat heat exchanger module in-
corporating a plate stack, where each of the heat ex-
changer plates incorporates ametal foil sheet and where
situated on the surface of each heat exchanger plate is at
least one duct for the flow of a fluid, at least one inlet, and
at least one outlet for the first fluid, at least one inlet and at
least one outlet for the second fluid, and where the first
fluid flow path for the first fluid and the second fluid flow
path for the second fluid are formedof the ducts in a stack
ofmany heat exchanger plates, andwhere at least one of
the heat exchanger plates also incorporates at least one
longitudinal opening which stretches across the surface
of the heat exchanger plate, and where the longitudinal
opening is isolated from the fluid in the first and second
fluid flow path.
[0005] Known from patent document EP 3 957 940 A1
is a module of a countercurrent plate heat exchanger
incorporating individual plateswhich are set together into
a stack with a flow duct for the first gaseous agent or for
the second gaseous agent and at least one spacer ele-
ment placed between the individual neighbouring plates
in the stack, and further where the first plate section is
made of the first material, and the second plate section is
made of the second material, while the second plate
section ismadeof high-grade steel resistant to corrosion.
[0006] Known from patent document EP 2 645 038 A1
is a plate heat exchanger which incorporates two main
modules featuring ducts, through which a heat exchan-
ging agent flows which are confined from the outside by
shielding plates. The rectangular side of one main mod-
ule is placed adjacent to the respective rectangular side
of another main module. Parts of the stacking frame are
mounted on the rectangular sides of the main modules.
[0007] In the known countercurrent plate heat exchan-
gers the area of the cross section between the ribbed
plates remains constant along the entire length of the
heat exchanger.
[0008] The purpose of the present invention is to de-

sign a countercurrent plate module for exchanging heat,
optimally adjusted to applications in which the working
agents significantly change their volume and/or state of
matter during the heat exchange process.
[0009] The invention solves the problem of an im-
mense increase in the resistances occurring in the flow
of an agent the volume of which increases substantially
during the heat exchange process which leads to an
increase in its velocity, resulting in exponential growth
of hydraulic resistances.
[0010] According to the present invention, a plate heat
exchangemodulewhichcomprises twoplates featuringa
rib structure, where each plate is fitted with an inlet
connection and outlet connection for the working agent
which flows through the plate is characterised in that the
rib structure takes the form of turbulising elements ar-
ranged in rowson one side of eachof the plates, while the
other side of each plate is flat, where the height of the
turbulising elements in any successive row is different
with respect to the preceding row by the same value, and
where the plates are set together so that positioned on
one plate on its side which features the lowest turbulising
elements is the side of the other plate with the highest
turbulising elements.
[0011] Preferably, the side surface of the turbulising
elements is arched.
[0012] Preferably, the flat side of one plate contacts the
turbulising elements of the other plate; alternatively,
placed between the plates with the rib structure thereon
is a separating plate.
[0013] Preferably, the flat side of one plate contacts the
turbulising elements of the other plate at the point where
the turbulising elements of the other plate are positioned,
or at the point where some of the turbulising elements of
the other plate are positioned.
[0014] Preferably, the turbulising elements are distrib-
uted evenly on the plate surface. Preferably, the turbulis-
ing elements are set in an arrangement based on an
equilateral triangle so that the distance between the rows
equals the height of the equilateral triangle the apexes of
which are positioned at the ends of two neighbouring
turbulising elements of the same row and at the respec-
tive end of the turbulising element positioned in the
neighbouring row between the said turbulising elements.
[0015] Preferably, the cross section of the turbulising
elements has the shape of the aeronautical profile the
leading edge of which is arched in shape and/or the
trailing edge of which is arched in shape, where prefer-
ably the radius of the trailing edge is smaller than the
radius of the leading edge.
[0016] The cross section of the turbulising elements
may be given the shape of an ellipse.
[0017] Preferably, thewidth of the turbulising elements
does not exceed 7mm. Preferably the length of the tur-
bulising elements does not exceed 15 mm.
[0018] The expression ‘width of the turbulising ele-
ment’ denotes the distance between the points in the
cross section across the turbulising element (transver-
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sely to thedirectionof theflowof theworkingagent)which
are found farthest apart.
[0019] The expression ‘length of the turbulising ele-
ment’ denotes the distance between the points in the
cross section along the turbulising element (in line with
the direction of the flow of the working agent) which are
found farthest apart.Preferably, thepoint of themaximum
width of the turbulising elements falls no farther than 0.5
the length of the turbulising element when measuring
from the leading edge, preferably at 0.10 the length.
[0020] In cross section, the turbulising elements can
take the shape of a circle the diameter of which is not
larger than 15 mm.
[0021] Preferably, the pattern of arrangement of the
turbulising elements on the plates is the same.
[0022] The shape of the turbulising elements in both
plates may be identical or different.
[0023] The height of the turbulising elements in one
plate may be the same or different than the height of the
turbulising elements in the second plate.
[0024] Preferably, the rib structure of the plate incor-
porates between 16000 and 39000 turbulising elements
per 1 m2 of the surface, not counting the turbulising
elements which occupy between 8% and 20% of the
surface, respectively. Preferably, the end plates of the
module are parallel to each other.
[0025] Preferably, the plates and the turbulising ele-
ments are made of the same material.
[0026] Preferably, each plate features a frame posi-
tioned along the perimeter of the plate.
[0027] Preferably, the frame is made of the same ma-
terial as the plate.
[0028] Preferably, the frame is a single-piece element.
[0029] Themodules according to this inventionmaybe
stacked so that the inlet and outlet openings in the plates
for the first agent are connected via common inlet and
outlet connections for the first agent, while the inlet and
outlet openings for the second agent are connected via
common inlet and outlet connections for the second
agent. The number of the modules in a heat exchanger
maybeselectedsoas toachieve thedesiredparameters.
[0030] The structure of the module according to pre-
sent invention ensures obtaining a changing area of the
cross section between themodule plates along the direc-
tion of the flow of the working agents. The area of the
cross section between the plates along the module de-
creases for one agent and increases for the other, thus
enabling the increasing/decreasing of the active volume
for the flow of the agent in the direction of its flow. The
turbulising elements placed on the plate, where thework-
ing agent is e.g. R513A, are characterised by the height
growing in the direction of the agent flow, which is ad-
vantageous because the agent changes its state of mat-
ter from liquid to gaseous, as the result of which it in-
creases in volume 1.5 times. The increase of the volume
of the working agent within a specific working space
rapidly increases the agent flow resistance. In the case
of the ducts in the working space of constant cross

section of the agent’s flow, the resistance caused by
the change in velocity of the boiling agent would be
2.25 times higher than in the case of the flow of the same
agent in the liquid state. For this reason, the cross section
of the working space for this type of agent, according to
this invention, grows in thedirectionof theagent flow.The
solution according to this invention enables maintaining
and adjusting the desired thermodynamical parameters
in the course of the variable operation of the device. The
adjusted parameter is the Reynolds number, where the
adjustment is achieved by changing the height of the
elements disturbing the flow, which results in the chan-
ging of heat transfer and flow resistance coefficients on
the entire heat exchange surface in accordance with the
direction of the flow.
[0031] Moreover, the solution according to the inven-
tion ensures that the platewhich separates theagent flow
spaces is supported on the turbulising elements, which is
prerequisite for obtaining diffusion bonding of the desired
quality and durability. The fact that the heat exchange
module incorporates twoendplatesparallel to eachother
enables module multiplications so as to achieve the
desired power, and the use of the diffusion bonding
technology for making the module itself and the heat
exchanger made up of a module stack.
[0032] The increasing height of the turbulising ele-
ments on the plate is additionally advantageous in that
it enables enlarging the heat exchange surface in the
areas where the heat exchange intensity is lower.
[0033] It is crucial that the change of the cross section
of theagent flowspace is possiblewhile keeping identical
location of the elements which turbulise the flow on both
module plates (one ’under/on top of another’) and retain-
ing all advantages of intensified heat exchange and dur-
ability of the structure.
[0034] An example of the invention is shown in the
drawings, where:

Fig. 1 shows the heat exchanger incorporating
stacked modules, in spatial view;
Fig. 2 presents the module in cross section;
Fig. 3 depicts the module plate in bird’s eye view;
Fig. 4 shows the arrangement of the turbulising ele-
ments on the plate;
Fig. 5 presents the turbulising element in bird’s eye
view;
Fig. 6 depicts the turbulising element in side view;
Fig. 7 shows themodules in a stack, in cross section.

Invention embodiments

[0035] An embodiment of a plate heat exchange mod-
ule comprises two plates 1A, 1B featuring a rib structure.
The rib structure takes the form of turbulising elements 2
with arched side surfaces (Fig. 5, Fig. 6), positioned in
rows on one side of each of plate 1A, 1B, while the other
side of each plate 1A, 1B is flat (Fig. 3).
[0036] The rib structure may incorporate between
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16000 and 39000 turbulising elements per 1 m2 of the
surface, not counting the turbulising elements which
occupy between 8% and 20% of the surface, respec-
tively.
[0037] The height h of turbulising elements 2 in the
successive rows is different with respect to the neigh-
bouring row by the same value, where the plates are set
together so that positioned on one plate 1A on its side
featuring the lowest turbulising elements 2 is the side of
the other plate 1B featuring the highest turbulising ele-
ments 2, as shown in Fig. 2.
[0038] Bodies of plates 1A, 1Baremade e.g. of a sheet
of stainless steel (SA‑240 316L) 0.5 mm thick, sized 148
mm x 722 mm. Placed on one side of each plate 1A, 1B
are turbulising elements 2 the cross section of which
takes the shape of e.g. aeronautical profile, the leading
edge n and the trailing edge s of which are arched in
shape, and where the radius of the trailing edge s is
smaller than the radius of the leading edge n of the
turbulising element 2 (Fig. 5, Fig. 6). The point of the
maximum width b of turbulising elements 2 falls at the
distance of up to ½ the length of turbulising element 2
measuring from leading edge n, preferably at 1/10 the
length.
[0039] The ratio of the maximum width b of turbulising
element 2 and the length l is 1:5, where the width b of the
maximum cross section of turbulising element 2 is 1.2
mm, while its length l is 6mm. Turbulising elements 2 are
distributed evenly on the surface of each plate 1A, 1B in
an arrangement based on an equilateral triangle so that
distance k between the rows equals the height of the
equilateral triangle the apexes of which are positioned at
theendsof twoneighbouring turbulisingelements2of the
same rowandat the respectiveendof turbulisingelement
2 positioned in the neighbouring row between the said
turbulising elements 2, as shown in Fig. 4.
[0040] Height h of turbulising elements 2 is different
depending on the working agent, it also changes in the
direction of the flow of the working agent, as described
above. Plates 1A, 1B feature an additional element in the
form of frame 3, the width d of which is 3 mm and the
height of which depends on height h of turbulising ele-
ments 2 which are found on the respective plate 1A, 1B
and changes in line with the change in height h of turbu-
lising elements 2. In all corners of each of the plates 1A,
1B are openings 4, 4’, 5, 5’, two of which, found opposite
each other at the diagonal of each plate 1A, 1B, are
blinded with frame 3, while the remaining two openings
form ducts for the working agent flowing through the
plate. The first working agent flows onto plate 1A via
one opening 4, then it spreads across the plate while
flowing all around turbulising elements 2 and leaves the
plate via the second opening 4’, where openings 5, 5’ on
that plate 1A are blindedwith frame 3. On the other hand,
on plate 1B, the second working agent flows onto that
plate via one opening 5 flowing all around turbulising
elements 2 and leaves via the second opening 5’, where
openings 4, 4’ on that plate 1B are blinded with frame 3.

One duct of plate 1A ends, respectively, with inlet con-
nection 40, and theother duct of the sameplate endswith
outlet connection40’,whileoneduct of plate 1Bendswith
inlet connection 50 and the other duct of the same plate
ends with outlet connection 50’. Plates 1A, 1B are
stacked one on top of another using a positioning stack-
ing frame so that the flat side of one plate 1A contacts the
turbulising elements 2 of the second plate 1B, and the
module is closed on the top and bottom with end plates 6
the thickness of which is 8 mm.
[0041] In another embodiment, there is a separating
plate (not shown on the drawing) between plates 1A, 1B.
[0042] In one embodiment, the flat side of one plate 1A
contacts the turbulising elements 2 of the other plate 1B
at the point where the turbulising elements 2 of the
secondplate 1Bare situated, and in another embodiment
the flat side of one plate 1A contacts the turbulising
elements 2 of the second plate 1B at the point where
some turbulising elements 2 of the second plate 1B are
situated, i.e. with a slight mutual shift of turbulising ele-
ments 2 of plates 1A, 1B.
[0043] In other embodiments, the cross section of tur-
bulising elements 2 may be given the shape of a circle or
ellipse (not shown on the drawing). Turbulising elements
2 on one plate 1A, 1B may be of the same or different
shapes.
[0044] Moreover, turbulising elements 2 may be dis-
tributed on both plates 1A, 1B to the same pattern, the
shape of turbulising elements 2 on both plates 1A, 1B
may be identical or different, and the height h of turbulis-
ing elements 2 on both plates 1A, 1B may be identical or
different.
[0045] Moreover, plates1A,1B, turbulisingelements2,
and frames 3 may be made of the same material.
[0046] Themodulemay incorporate two typesof plates
1A, 1B, different in terms of their geometrical features,
depending on the working agents.
[0047] For example, one of the working agentsmay be
R513A, and the other may be water. In the solution
according to this invention the height h of turbulising
elements 2 changes (increases or decreases in line with
the direction of the flow of the agent), irrespective of the
working agent used in the module so that each succes-
sive row (in linewith thedirectionof theflowof theworking
agent) of turbulising elements 2 is higher or lower than in
the preceding row, as the result of which the surfaces of
any neighbouring plates are not parallel to each other,
unlike in theknownplateexchangers.Theaboveenables
obtaining a flow space the cross section of which in-
creases or decreases in line with the direction of flow
of the agent,which ensures increasing theeffective cross
sectionwhile thevolumeof theagent fromheat exchange
changes.
[0048] In the caseswhere theworking agent is R513A,
turbulising elements 2 are characterised by height in-
creasing in the direction of flow of the working agent,
which is advantageous because the working agent
changes its state of matter during the operation of the
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device from liquid to gaseous, as the result of which it
increases in volume 1.5 times. If the flow space is con-
stant in cross section, the resistance caused by the
change in velocity of the boiling working agent would
be 2.25 than higher than in the case of the flow of the
same agent in the liquid state. For this reason, the space
for the flow of that working agent is characterized by
changing cross section. The height h of the first row of
turbulising elements 2 is 1mm,while the height of the last
rowof turbulising elements 2 is 2mm, thanks towhich the
area of the effective crossn section at the outlet is twice
larger which in turn enables fourfold reduction of the flow
resistances. In the case of the second working agent, i.e.
water, the spaceof flow is also characterisedby changing
cross section. The height of the first row of turbulising
elements 2 is 2 mm, while of the last row is 3 mm. This is
advantageous because the area of the smaller heights of
the turbulising elements on thewater side corresponds to
the area on the side of the second working agent, where
R513A present there in the gaseous state is charac-
terised by nearly 10 times lower heat transfer coefficient
than in the evaporation process. The smaller effective
cross section for the flowofwater intensifies heat transfer
coefficient on thewater side, thanks towhich the required
heat exchange surface in this area can be smaller than in
the case of a flow space characterised by constant cross
section, which leads to the reduction of weight and vo-
lume of the module, and in the case of module multi-
plication to the reduction of weight and volume of the
exchanger. The increasing effective cross section, on the
other hand, enables reduction of high flow resistances
which would be caused by excessively high speed of the
water flow, where the speed is not necessary for opera-
tion of the device in the areas where R513A evaporates
and is characterized by very high heat transfer coeffi-
cient.

List of numerical references

[0049]

1A - module plate
1B - module plate
2 - turbulising elements
b - width of the turbulising elements
1 - length of the turbulising elements
h - height of the turbulising elements
k - distancebetween rowsof the turbulisingelements
n - leading edge of a turbulising element
s - trailing edge of a turbulising element
3 - frame
d - width of the frame
4 - inlet opening for the first agent
4’ - outlet opening for the first agent
5 - inlet opening for the second agent
5’ - outlet opening for the second agent
6 - end plates of the module
7 - separating plate

40 - inlet connection for the first agent
40’ - outlet connection for the first agent
50 - inlet connection for the second agent
50’ - outlet connection for the second agent

Claims

1. Aplateheat exchangemodule comprising twoplates
featuring a rib structure, where each plate is fitted
with an inlet connection and an outlet connection for
the working agent which flows through the plate,
characterised in that the rib structure takes the
form of turbulising elements (2) arranged in rows
on one side of each of the plates (1A, 1B), while
the other side of each plate (1A, 1B) is flat, where the
height (h) of the turbulising elements (2) in any
successive row is different with respect to the pre-
ceding row by the same value, and where the plates
(1A, 1B) are set together so that positioned on one
plate on its sidewhich features the lowest turbulising
elements (2) is the side of the other plate with the
highest turbulising elements (2).

2. The module according to claim 1, characterised in
that the side surface of turbulising elements (2) is
arched.

3. The module according to claim 1, characterised in
that the flat side of one plate (1A) contacts the
turbulising elements (2) of the other plate (1B).

4. The module according to claim 1, characterised in
that placed between the plates (1A, 1B) with the rib
structure thereon is a separating plate (7).

5. The module according to claim 3, characterised in
that the flat side of one plate (1A) contacts the
turbulising elements (2) of the other plate (1B) at
the point where the turbulising elements (2) of the
other plate (1B) are positioned.

6. The module according to claim 3, characterised in
that the flat side of one plate (1A) contacts the
turbulising elements (2) of the other plate (1B) at
the point where some of the turbulising elements (2)
of the other plate (1B) are positioned.

7. Themodule according to any oneof the claims1 to 6,
characterised in that the turbulising elements (2)
are set in an arrangement based on an equilateral
triangle so that the distance (k) between the rows
equals the height of the equilateral triangle the
apexes of which are positioned at the ends of two
neighbouring turbulising elements (2) of the same
row and at the respective end of the turbulising
element (2) positioned in the neighbouring row be-
tween the said turbulising elements (2).
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8. Themodule according to any oneof the claims1 to 7,
characterised in that the cross section of the tur-
bulising elements (2) has the shape of the aeronau-
tical profile or ellipse.

9. The module according to claim 8, characterised in
that thewidth (b) of the turbulising elements (2) does
not exceed 7mm.

10. Themoduleaccording to claim8or 9,characterised
in that the length of the turbulising elements (2) does
not exceed 15 mm.

11. Themodule according to any oneof the claims1 to 7,
characterised in that the cross section of the tur-
bulising elements (2) has the shape of a circle.

12. Themodule according to claim 11, characterised in
that the diameter of turbulising elements (2) is not
larger than 15mm.

13. The module according to claim 8, characterised in
that the point of the maximum width (b) of the turbu-
lising elements (2) falls no farther than 0.5 the length
(l) of the turbulising element (2) when measuring
from the leading edge (n), preferably at 0.10 the
length (l).

14. The module according to any one of the claims 1 to
13,characterised in that theheight (h) of turbulising
elements (2) in one plate (1A) is different that the
height of the turbulising elements in the second plate
(1B).

15. The module according to any one of the claims 1 to
14, characterised in that the end plates (6) of the
module are parallel to each other.
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