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(54) HEAT EXCHANGER

(57) A heat exchanger (1) comprises a core (2) de-
fining first and second fluid circuits. The first fluid circuit
includes one flow section (C) and the second fluid circuit
is divided into three flow sections (R1, R2, R3). The flow
sections are defined by a plurality of flow passages (5).
A direction of flow in the first and third flow sections (R1,
R3)is opposite to a direction of flow in the one flow section
(C) of the first fluid circuit and a direction of flow in the

Fig. 5

second flow section (R2) is the same as the direction of
flow in the one flow section (C) of the first fluid circuit. A
number NR3 of the flow passages (5) of the third flow
section (R3) is greater than a number NR2 of the flow
passages (5) of the second flow section (R2) and the
number NR3 of the flow passages (5) of the third flow
section (R3) is smaller than or equal to a number NR1
of the flow passages (5) in the first flow section (R1).
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Description
FIELD OF INVENTION

[0001] The present invention relates to a heat ex-
changer, especially a heat exchanger with improved flow
scheme of two working fluids.

PRIOR ART

[0002] Prior art heat exchangers comprise a core,
which defines two fluid circuits therein. A first working
fluid flows through a first fluid circuit, while a second work-
ing fluid flows through a second fluid circuit. Both fluid
circuits can be divided into one or more distinctive flow
sections of different sizes, through which the working flu-
ids canflow in the same or opposing directions. Examples
of such heat exchangers are disclosed in DE 10 2016
001 607 A1, US 2017/0122669 A1, US 2016/0010929
A1, US 2015/0226469 A1 or US 2013/0213624 A1.
[0003] The cores of the heat exchangers known from
the prior art are divided into many flow sections to in-
crease power output and heat exchange efficiency. Such
configuration, however, results in significant pressure
drops of the working fluids, which is unacceptable in
some applications. Moreover, the larger the number of
the flow sections, the larger the size and complexity of
the heat exchanger. Very often, in known heat exchang-
ers each successive flow section is narrower that a pre-
ceding one and this leads to the increase in flow resist-
ance and pressure drops.

AIM OF INVENTION

[0004] One aim of the present invention is to provide
a heat exchanger with a limited number of flow passages
but at the same with unchanged heat exchange efficien-
cy.

[0005] Another aim of the present invention is to pro-
vide a heat exchanger with increased power output and
pressure drop values kept at an acceptable level.

BRIEF DESCRIPTION OF INVENTION

[0006] A heat exchanger according to the present in-
vention comprises a core. The core defines a first fluid
circuit and a second fluid circuit. The first fluid circuit in-
cludes one flow section through which a first fluid flows
in one direction. The second fluid circuit is divided into
flow sections, which are in fluid communication to one
another and through which a second fluid flows in differ-
entdirections. The one flow section of the first fluid circuit
and the flow sections of the second fluid circuit are de-
fined by a plurality of flow passages. The second fluid
circuit is divided into a first flow section, a second flow
section and a third flow section. The first, second and
third flow sections are configured so that the first flow
section is in fluid communication with the second flow
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section and the second fluid section is in fluid communi-
cation with the third flow section and a direction of flow
in the first and third flow sections is opposite to the direc-
tion of flow in the one flow section of the first fluid circuit
and a direction of flow in the second flow section is the
same as the direction of flow in the one flow section of
the first fluid circuit. A number of the flow passages of
the third flow section is greater than a number of the flow
passages of the second flow section and the number of
the flow passages of the third flow section is smaller than
or equal to a number of the flow passages in the first flow
section.

[0007] Further advantageous embodiments of the
present invention are defined in dependent claims.
[0008] The presentinvention ensures that as much as
possible of the flow of the second fluid is in counter-flow
with the first fluid, which increases heat exchange effi-
ciency. Simultaneously, although the number of the flow
passages of the second flow section for the second fluid
is as low as possible pressure drops of the second fluid
are kept at an acceptable level.

[0009] The power output of a heat exchanger adopting
the principles of the present invention is significantly in-
creased, even by 350-620 W.

[0010] Additionally, as the number of flow passages in
the narrowest flow section, namely the second flow sec-
tion, of the second fluid circuit is kept as low as possible
a part of the core where both fluids are in common flow
is minimized and a part of the core where both fluids are
in counter-flow is maximized, which has an advanta-
geous effect on heat exchange efficiency.

[0011] The heat exchanger according to the present
invention comprises a reduced number of flow passages
compared to the heat exchangers known from the prior
art, while maintaining or improving basis properties of
the heat exchanger like power output, heat exchange
efficiency, etc. It also means the heat exchanger accord-
ing to the present invention is cheaper.

[0012] The present invention can easily be applied to
heat exchangers adopting different types of cores, for
example cores made of shaped plates and/or flat hollow
flow tubes.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The present invention in described in more de-
tail below, with reference to the accompanying drawings,
which present its non-limiting embodiment, wherein:

Fig. 1 shows a side view of a heat exchanger of the
present invention;

Figs. 2a and 2b show top views of two examples of
shaped plates used in the heat exchanger of the
present invention;

Fig. 3 and 4 show a perspective schematic view and
a vertical diagram, respectively, of a coolant flow
through a core of the heat exchanger; and

Fig. 5 and 6 show a perspective schematic view and
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a vertical diagram, respectively, of a refrigerant flow
through the core of the heat exchanger.

EMBODIMENTS OF INVENTION

[0014] A heat exchanger 1 of the present invention
comprises a core 2 where heat exchange between two
fluids takes place. The heat exchanger 1 also comprises
a plurality of inlet and outlet ports 3 to deliver a cool-
ant/first fluid and a refrigerant/second fluid to and out of
the core 2.

[0015] The core 2 defines therein two fluid circuits,
namely a first fluid circuit for the coolant and a second
fluid circuit for the refrigerant. Both fluid circuits are fluidly
separated from each other. It means that both fluids do
not mix. For this purpose the core 2 includes a plurality
of shaped plates 4 stacked on top of one another. Each
pair of two adjacent shaped plates 4 define a flow pas-
sage 5 therebetween. The firstand second fluids, coolant
and refrigerant respectively, flow through the flow pas-
sages 5. To maximize the heat exchange efficiency the
flow passages should be used alternatively, namely a
first flow passage for the first fluid, a second flow passage
for the second fluid, a third flow passage for the first fluid,
etc.

[0016] Generally, the shaped plate 4 comprises a bot-
tom 41 and a peripheral wall 42 protruding from the bot-
tom 41. The shaped plate 4 is provided at both its ends
with openings 43. The openings 43 of the stacked shaped
plates 4 define vertical channels throughout the core 2.
The vertical channels formed by the openings 43 are in
fluid communication with selected flow passages 5
formed between the shaped plates 4. For this purpose
the shaped plate 4 comprises a number of additional fea-
tures. For example, the shaped plate 4 can comprise a
ridge 44 enclosing one or more openings 43. When the
shaped plates 4 are stacked the ridge 44 of one shaped
plate 4 isin sealed contact with the shaped plate 4 located
above it. Thus, a fluid flowing through the opening 43
enclosed by the ridge 44 cannot flow into the flow pas-
sage 5 shown in fig. 2a and can only flow in a vertical
direction of the core 2. To allow for the flow of the fluids
to the flow passage 5 in a longitudinal direction of the
core 2 the configuration of the ridge 44 is changed so
that it no longer encloses the opening 43 concerned, see
fig. 2b. Instead, the opening 43 is encircled by a series
of spaced-apart protrusions 45, which allow the fluid to
flow therebetween, or even the opening 43 may not be
obscured by additional elements so that the opening 43
is in fluid communication with the flow passage 5. The
openings 43 of the outermost shaped plates 4 can be
connected to the inlet and outlet ports 3.

[0017] To terminate the vertical channels at a given
level the openings 43 can be closed by plugs or even
may not be present in the shaped plates 4. The number
of the openings 43 as well as their position and configu-
ration at both longitudinal ends of the shaped plates 4
can be chosen voluntary, depending on the configuration
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of the core 2 and a flow scheme to be obtained. With the
core 2 formed in this way the first and second fluids do
not mix and they flow in respective fluid passages 5
formed between the shaped plates 4.

[0018] Asdiscussedearlier,the core 2 defines two fluid
circuits. One fluid circuit is used for the coolant/first fluid,
while the other is used for the refrigerant. The coolant
flow is shown in figs. 3 and 4. This fluid circuit comprises
only one flow section C, which includes a plurality of the
flow passages 5 to be passed by the coolant. The coolant
flows into the core 2 at one of its longitudinal ends, flows
through one of the vertical channels and then is directed
longitudinally to all flow passages 5 intended to be
passed by the coolant. The coolant flows through all re-
lated flow passage 5 in the same one direction. Next, the
coolant is directed to one vertical channel at the other
longitudinal end of the core 2 and is subsequently dis-
charged out of the core 2. The coolant may flow into and
out of the core 2 at two opposite longitudinal ends of the
core 2, but depending on the external configuration of
the heat exchanger 1 the coolant can flow into and out
of the core at the same end of the core 2. For this purpose
the core 2 can be provided with an additional bypass 21,
which directs the coolant from one longitudinal end of the
core 2 to the other.

[0019] Figs. 5and 6 show schematically the flow of the
refrigerant/second fluid. In this case the core 2 can vir-
tually be divided into three flow sections R1, R2, R3. Each
of the flow sections R1, R2, R3 comprises a plurality of
the flow passages 5 to be passed by the refrigerant. The
flow sections R1, R2, R3 jointly coincide with one flow
section C shown in figs. 3 and 4. The flow sections R1,
R2, R3 are defined by an appropriate configuration of a
set of the openings 43. The flow section R1 is in fluid
communication with the flow section R2 and the flow sec-
tion R2 is in fluid communication with the flow section
R3. Generally, one can say that one flow section is in
fluid communication with a preceding flow section (if
present) and a subsequent flow section (if present). The
refrigerant enters first the flow section R1, flows longitu-
dinally through the flow section R1 and its all flow pas-
sages 5 in one direction and then flows through one of
the vertical channels into the flow section R2. Here, the
refrigerant flows longitudinally through the flow section
R2 and its all flow passages 5 in one direction, which is
opposite to the direction of flow in the flow section R1.
Subsequently, the refrigerantis directed through one ver-
tical channel at the other longitudinal end of the core/flow
section R2, opposite to the end where the refrigerant en-
ters the flow section R2, to the flow section R3. In the
flow section R3, the refrigerant flows longitudinally
through the flow section R3 and its all flow passages 5
in one direction, which is opposite to the direction of flow
in the flow section R2 and is the same as the direction
of flow in the flow section R1. Next, the refrigerant, de-
pending on the external configuration of the heat ex-
changer 1, especially its inlet and outlet ports 3, can be
discharged out of the core 2 either directly at the flow
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section R3 or the refrigerant can be directed by one of
the vertical channels, which is not in fluid communication
with the flow passages 5 of the flow sections R1 and R2,
through the flow sections R1 and R2 and can flow out of
the core 2 at the flow section R1, as showninfigs. 5and 6.
[0020] Generally, the coolant flows longitudinally
through the core 2 only in one direction, whereas the
refrigerant flows longitudinally through the core 2 in two
opposing directions. The direction of flow of the refriger-
ant in the flow section R1 is opposite to the direction of
flow of the coolant in the flow section C. The direction of
flow of the refrigerant in the flow section R2 is the same
as the direction of flow of the coolant in the flow section
C. The direction of flow of the refrigerant in the flow sec-
tion R3 is opposite to the direction of flow of the coolant
in the flow section C. In other words, the refrigerant in
the flow sections R1 and R3 is in counter-flow compared
to the coolant in the flow section C. Also, the refrigerant
in the flow section R2 is in common flow compared to the
coolant in the flow section C.

[0021] The number NR2 of the flow passages 5 in the
flow section R2 should be as low as possible to get ac-
ceptable pressure drop of the refrigerant and should be
preferably 15-25 % of the total number TNR1R2R3 of
the flow passages 5 passed by the refrigerant (namely
total number TNR1R2R3 of the flow passages 5 in the
flow sections R1, R2 and R3). The number NR3 of the
flow passages 5 in the flow section R3 should be greater
than the number NR2 of the flow passages 5 in the flow
section R2. The total number TNR1R3 of the flow pas-
sages 5 in the flow sections R1 and R3 should be pref-
erably 75-85 % of the total number TNR1R2R3 of the
flow passages 5 passed by the refrigerant (total number
TNR1R2R3 of the flow passages in the flow sections R1,
R2 and R3). The number NR3 of the flow passages 5 in
the flow section R3 should be the same or smaller that
the number NR1 of the flow passages 5 in the flow section
R1 and should be preferably 20-42,5 % of the total
number TNR1R2R3 of the flow passages 5 passed by
the refrigerant (namely total number TNR1R2R3 of the
flow passages in the flow sections R1, R2 and R3).

[0022] In other words:
NR3 > NR2
and
NR3 £ NR1
[0023] Preferably, the ratio of the numbers of the flow

passages 5 of the flow section R1/flow section R2/flow
section R3, respectively, is 9/6/9. In another embodi-
ments of the present invention the ratio of the numbers
of the flow passages 5 of the flow section R1/flow section
R2/flow section R3, respectively, is 10/6/8 or 11/5/8.
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[0024] The present invention discussed above is not
limited only to heat exchangers consisting of a plurality
of shaped plates. The innovative principle of the present
invention can be applied to heat exchangers, where flow
passages are defined by, for example, a series of flat
hollow flow tubes stacked in a pile and defining flow pas-
sages therein, afirst set of the flat hollow flow tubes being
passed by the coolant while the other being passed by
the refrigerant. Another example is a heat exchanger,
which incorporates a combination of flat hollow flow tubes
and shaped plates. A first set of flow passages is defined
inside the flat hollow flow tubes and a second set of flow
passages is defined between successive shaped plates.
The flat hollow flow tubes and the shaped plates are
stacked in a pile so that one flat hollow flow tube is ar-
ranged between two successive shaped plates. The cool-
ant flows, for example, through the flat hollow flow tubes
and the refrigerant flows through passages defined by
two successive shaped plates, or vice versa. In each of
these two solutions the fluid circuit for the refrigerant can
easily be divided into three sections with different direc-
tions of flow.

[0025] Preferably, allcomponents of the heat exchang-
er 1 are made of materials suitable for brazing, for ex-
ample aluminum and its alloys, and are connected to one
another by brazing.

Claims

1. Aheatexchanger (1) comprising a core (2), said core
(2) defining a first fluid circuit and a second fluid cir-
cuit, said first fluid circuit including one flow section
(C) through which a first fluid flows in one direction,
said second fluid circuit being divided into flow sec-
tions, which are in fluid communication to one an-
other and through which a second fluid flows in dif-
ferent directions, said one flow section (C) of said
first fluid circuit and said flow sections of said second
fluid circuit being defined by a plurality of flow pas-
sages (5),
characterized in that
said second fluid circuit is divided into a first flow
section (R1), a second flow section (R2) and a third
flow section (R3), said first, second and third flow
sections (R1, R2, R3) being configured so that said
first flow section (R1) is in fluid communication with
said second flow section (R2) and said second flow
section (R2) is in fluid communication with said third
flow section (R3) and a direction of flow in said first
and third flow sections (R1, R3) is opposite to said
direction of flow in said one flow section (C) of said
first fluid circuit and a direction of flow in said second
flow section (R2) is the same as said direction of flow
in said one flow section (C) of said first fluid circuit;
wherein a number NR3 of said flow passages (5) of
said third flow section (R3) is greater than a number
NR2 of said flow passages (5) of said second flow
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section (R2) and said number NR3 of said flow pas-
sages (5) of said third flow section (R3) is smaller
than or equal to a number NR1 of said flow passages
(5) in said first flow section (R1).

5
The heat exchanger (1) according to claim 1,
characterized in that said core (2) comprises a plu-
rality of stacked shaped plates (4), said shaped
plates (4) defining therebetween said flow passages
(5). 10

The heat exchanger (1) according to any of the pre-
ceding claims, characterized in that said number
NR2 of said flow passages (5) of said second flow
section (R2)is 15-25 % of a totalnumber TNR1R2R3 75
of said flow passages (5) of said first, second and
third flow sections (R1, R2, R3) of said second fluid
circuit, a number NR1R3 of said flow passages (5)

of said first and third flow sections (R1, R3) jointly is
75-85 % of said total number TNR1R2R3 of said flow 20
passages (5) of said first, second and third flow sec-
tions (R1, R2, R3) of said second fluid circuit, and
said number NR3 of said flow passages (5) of said
third flow section (R3) is 20-42,5 % of said total
number TNR1R2R3 of said flow passages (5) of said 25
first, second and third flow sections (R1, R2, R3) of
said second fluid circuit.

The heat exchanger (1) according to any of the pre-
ceding claims, characterized in that a ratio of said 30
numbers of said flow passages (5) of said first flow

section (R1)/said second flow section (R2)/said third
flow section (R3), respectively, is 9/6/9.
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