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(57) ABSTRACT

A heat exchanger includes an outer sleeve provided with two
open ends, and at least one diversion unit group provided in
the outer sleeve. A first flow channel is formed between the
outer sleeve and the diversion unit group for a first fluid to
flow from one end to the other end of the outer sleeve. The
diversion unit group includes a first hollow vane, a connect-
ing channel and a second hollow vane sequentially provided
along an axial direction of the outer sleeve. The first hollow
vane, the connecting channel and the second hollow vane are
sequentially connected to form a second flow channel for the
second fluid to flow from one end to the other end of the
outer sleeve.
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HEAT EXCHANGER, HEAT PUMP SYSTEM
AND DISHWASHER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application No. PCT/CN2022/122242, filed on Sep.
28, 2022, which claims priority to Chinese Patent Applica-
tion No. 202111418336.6, filed on Nov. 24, 2021, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present application relates to the technical field
of heat exchange, in particular to a heat exchanger, a heat
pump system and a dishwasher.

BACKGROUND

[0003] Aheat exchanger is a device that enables two fluids
at different temperatures to exchange heat. Heat is trans-
ferred from a fluid with a high temperature to a fluid with a
low temperature, thereby heating or cooling the fluid. For
example, both the condenser and the evaporator in the heat
pump system are types of heat exchangers. The condenser of
the heat pump system generally adopts a double-tube heat
exchanger. However, the average heat exchange area in the
tube of the traditional double-tube heat exchanger may be
too small, and the residence time of the fluid per unit length
may be too short, resulting in the overall heat exchanger that
may be excessively long and occupying too much volume.

SUMMARY

[0004] In some embodiments, a heat exchanger includes:
an outer sleeve provided with two open ends; and at least
one diversion unit group provided in the outer sleeve.
[0005] A first flow channel is formed between the outer
sleeve and the diversion unit group for a first fluid to flow
from one end to the other end of the outer sleeve.

[0006] The diversion unit group includes a first hollow
vane, a connecting channel, and a second hollow vane
sequentially provided along an axial direction of the outer
sleeve.

[0007] The first hollow vane, the connecting channel and
the second hollow vane are sequentially connected to form
a second flow channel for a second fluid to flow from one
end to the other end of the outer sleeve.

[0008] In some embodiments, the first hollow vane, the
connecting channel, and the second hollow vane are twisted
and inclined relative to an axis of the outer sleeve.

[0009] Insome embodiments, a twist and incline direction
of the first hollow vane and the second hollow vane are the
same, and a twist and incline direction of the connecting
channel and the first hollow vane are opposite.

[0010] In some embodiments, the connecting channel is
attached to an inner wall surface of the outer sleeve.
[0011] In some embodiments, the diversion unit group
further includes a first central tube and a second central tube.
[0012] The first hollow vane is fixed on an outer periphery
of'the first central tube, one end of the first central tube away
from the connecting channel is provided with a fluid inlet,
the other end of the first central tube is closed, a peripheral
wall of the first central tube is provided with a first through
hole communicated with the first hollow vane.
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[0013] The second hollow vane is fixed on an outer
periphery of the second central tube, one end of the second
central tube away from the connecting channel is provided
with a fluid outlet, the other end of the second central tube
is closed, and a peripheral wall of the second central tube is
provided with a second through hole communicated with the
second hollow vane.

[0014] Insome embodiments, in one diversion unit group,
a plurality of the first hollow vanes, the connecting channels
and the second hollow vanes are provided in a one-to-one
correspondence.

[0015] Each of'the first hollow vanes is spaced apart along
a circumferential direction of the first central tube, the
peripheral wall of the first central tube is provided with a
plurality of the first through holes along the circumferential
direction, and the first through holes and the first hollow
vanes are communicated in a one-to-one correspondence.
[0016] Each of the second hollow vanes is spaced apart
along a circumferential direction of the second central tube,
and the peripheral wall of the second central tube is provided
with a plurality of the second through holes along the
circumferential direction, the second through holes and the
second hollow vanes are communicated in a one-to-one
correspondence.

[0017] Each of the connecting channels is connected
between the first hollow vane and the second hollow vane in
a one-to-one correspondence.

[0018] In some embodiments, both the first central tube
and the second central tube are straight tubes extending
coaxially with the outer sleeve, a plurality of the first hollow
vanes are evenly spaced apart along the circumferential
direction of the first central tube, and the plurality of second
hollow vanes are evenly spaced apart along the circumfer-
ential direction of the second central tube.

[0019] In some embodiments, at least two diversion unit
groups are provided, and each group of the diversion unit
groups is provided along the axial direction of the outer
sleeve and communicated sequentially.

[0020] The present application further provides a heat
pump system, including a compressor, a condenser, a throttle
valve and an evaporator.

[0021] The compressor, the condenser, the throttle valve,
and the evaporator are communicated with each other to
form a circulation circuit, and the condenser adopts the
above heat exchanger.

[0022] The present application further provides a dish-
washer including the above heat pump system.

[0023] In some embodiments, a diversion unit group
includes a first hollow vane, a connecting channel, and a
second hollow vane sequentially provided along an axial
direction of the outer sleeve. A first flow channel is formed
between the outer sleeve and the diversion unit group for a
first fluid to flow from one end to the other end of the outer
sleeve. When the heat exchanger is working, the first fluid
(such as water) and the second fluid (such as refrigerant)
flow in reverse directions in the first flow channel and the
second flow channel respectively. The first flow channel and
the second flow channel are both structure extending from
one end to the other end of the outer sleeve, so that the
effective length of the flow channel and the effective flow
path of the fluid can be extended as much as possible without
increasing the length of the outer sleeve. At the same time,
the first hollow vane and the second hollow vane are hollow
sheet structures, which can effectively increase the contact
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area between the first fluid and the second fluid, and increase
the residence time of the first fluid and the second fluid in the
corresponding flow channel, thereby effectively improving
the heat exchange efficiency. Therefore, compared with the
traditional double-tube heat exchanger, the overall length of
the heat exchanger may be shortened in some embodiments,
the overall occupied volume of the heat exchanger may be
reduced, and the heat exchange efficiency may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The drawings in the following description are only
some embodiments of the present application. It will be
apparent to those skilled in the art that other figures can be
obtained according to the structures shown in the drawings
without creative work.

[0025] FIG. 1 is a schematic structural view of a heat
exchanger according to some embodiments of the present
application.

[0026] FIG. 2 is an exploded structural view of the heat
exchanger in FIG. 1.

[0027] FIG. 3 is a schematic structural view of one diver-
sion unit group.

[0028] FIG. 4 is a partial structural view of the diversion
unit group in FIG. 3.

[0029] FIG. 5 is a schematic view of a flow of fluid inside
the heat exchanger in FIG. 1.

[0030] FIG. 6 is a schematic structural view of a dish-
washer with a heat pump system.

DESCRIPTION OF REFERENCE SIGNS

[0031]
Reference Reference
sign Name sign Name
10 heat exchanger 123 second hollow vane
11 outer sleeve 124 first central tube
12 diversion unit group 1241 fluid inlet
101 first flow channel 1242 first through hole
102 second flow channel 125 second central tube
121 first hollow vane 1251 fluid outlet
122 connecting channel 1252 second through hole
200 dishwasher 24 evaporator
20 heat pump system 25 fan
21 compressor 26 circulating pump
22 condenser 27 cavity sink
23 throttle valve 28 spray arm
[0032] The realization of the objective, functional charac-

teristics, and advantages of the present application are
further described with reference to the accompanying draw-
ings.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] The described embodiments are only a part of the
embodiments of the present application, not all of the
embodiments. Based on the embodiments in the present
application, all other embodiments perceived by those ordi-
nary skills in the art without creative effort should be fallen
within the protection scope of the present application.

[0034] It should be noted that all of the directional instruc-
tions in the embodiments of the present application (such as,
up, down, left, right, front, rear . . . ) are only used to explain
the relative position relationship and movement of each
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component under a specific attitude (as shown in the draw-
ings), if the specific attitude changes, the directional instruc-
tions will change correspondingly.

[0035] Besides, the descriptions in the present application
that refer to “first,” “second,” etc. are only for descriptive
purposes and are not to be interpreted as indicating or
implying relative importance or to implicitly indicate the
number of technical features indicated. Thus, a feature
defined as “first” or “second” may explicitly or implicitly
include at least one of the features. In addition, the meaning
of “and/or” appearing in the whole text includes three
parallel solutions. For example, “A and/or B” includes only
A, or only B. or both A and B. Furthermore, technical
solutions among the embodiments can be combined with
each other, but must be based on the realization of the
technical solutions by those skilled in the art, and when the
technical solutions are contradictory to each other or cannot
be realized, the technical solutions should be considered that
the combination does not exist, and the technical solutions
are not fallen within the protection scope claimed in the
present application.

[0036] The present application provides a heat exchanger
10.
[0037] As shown in FIG. 1 and FIG. 2, in some embodi-

ments of the present application, the heat exchanger 10
includes an outer sleeve 11 and at least one set of diversion
unit groups 12. The outer sleeve 11 is provided with two
open ends, the diversion unit group 12 is provided in the
outer sleeve 11, a first flow channel 101 is formed between
the outer sleeve 11 and the diversion unit group 12 for a first
fluid to flow from one end to the other end of the outer sleeve
11. The diversion unit group 12 includes a first hollow vane
121, a connecting channel 122 and a second hollow vane
123 provided in sequence along an axial direction of the
outer sleeve 11. The first hollow vane 121, the connecting
channel 122 and the second hollow vane 123 are sequen-
tially connected to form a second flow channel 102 for the
second fluid to flow from one end to the other end of the
outer sleeve 11.

[0038] In some embodiments, the outer sleeve 11 is in a
hollow tubular shape, and the two ends of the outer sleeve
11 are open. The diversion unit group 12 is provided in the
outer sleeve 11. The first flow channel 101 is formed
between the inner peripheral surface of the outer sleeve 11
and the outer surface of the diversion unit group 12, so that
the first fluid can flow from one end to the other end of the
outer sleeve 11 along the first flow channel 101. The second
flow channel 102 is formed inside the diversion unit group
12, the second fluid can flow from one end to the other end
of'the outer sleeve 11 along the second flow channel 102. For
example, in practical applications, the first fluid may be
water, and the second fluid may be refrigerant. The water
and the refrigerant are provided in reverse flow, that is, water
enters the first flow channel 101 from the first open end of
the outer sleeve 11, and then flows through the first flow
channel 101 to the second open end of the outer sleeve 11 for
output. The refrigerant enters the second flow channel 102
from the second open end of the outer sleeve 11, and then
passes through the second flow channel 102 to the first open
end of the outer sleeve 11 for output. The flow directions of
water and refrigerant are opposite, the water and refrigerant
flow in the first flow channel 101 and the second flow
channel 102 respectively, and realize heat exchange with
during flowing.
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[0039] It should be noted that, in some embodiments, the
specific quantity of diversion unit groups 12 in the outer
sleeve 11 can be provided according to actual needs, for
example, one, two or more sets of diversion unit groups 12
can be provided. As shown in FIG. 2, there are two sets of
diversion unit groups 12, which is only some embodiments
of the present application, and is not a limitation to the
present application. For the convenience of description, only
one set of diversion unit groups 12 is taken as an example
for description below. As shown in FIG. 3 and FIG. 4, the
diversion unit group 12 includes the first hollow vane 121,
the connecting channel 122 and the second hollow vane 123
sequentially provided along the axial direction of the outer
sleeve 11. The first hollow vane 121 and the second hollow
vane 123 are in a wide sheet structure, and the connecting
channel 122 is in an elongated tubular structure. One end of
the connecting channel 122 is connected and communicated
with the first hollow vane 121, and the other end of the
connecting channel 122 is connected and communicated
with the second hollow vane 123. The second fluid (such as
refrigerant) first enters the first hollow vane 121, then enters
the connecting channel 122 through the end of the first
hollow vane 121, then flows into the second hollow vane
123 through the connecting channel 122, and finally flows
out from the second hollow vane 123. The entire flow path
of the second fluid (that is, the second flow channel 102) is
rather than straight, so the effective length of the flow
channel can be extended, and the flow path of the second
fluid can be extended. The first hollow vanes 121 and the
second hollow vanes 123 have a wide sheet structure, which
can increase the contact area between the second fluid and
the first fluid, thereby improving heat exchange efficiency.

[0040] In some embodiments, a diversion unit group 12 is
provided in the outer sleeve 11, the diversion unit group 12
includes a first hollow vane 121, a connecting channel 122
and a second hollow vane 123 sequentially provided along
the axial direction of the outer sleeve 11. The first flow
channel 101 is formed between the outer sleeve 11 and the
diversion unit group 12 for the first fluid to flow through.
The first hollow vane 121, the connecting channel 122 and
the second hollow vane 123 are sequentially connected to
form the second flow channel 102 for the second fluid to
flow through. When the heat exchanger 10 is working, the
first fluid (such as water) and the second fluid (such as
refrigerant) flow in reverse directions in the first flow
channel 101 and the second flow channel 102 respectively.
The first flow channel 101 and the second flow channel 101
are structure and are extended from one end to the other end
of'the outer sleeve 11, so that the effective length of the flow
path can be extended as much as possible without increasing
the length of the outer sleeve 11, and the effective flow
distance of the fluid can be extended. Both the first hollow
vane 121 and the second hollow vane 123 have a hollow
sheet structure, which can effectively increase the contact
area between the first fluid and the second fluid, increase the
residence time of the first fluid and the second fluid in the
corresponding flow channel. Thus, the heat exchange effi-
ciency may be effectively improved. Therefore, compared
with the traditional double-tube heat exchanger, in some
embodiments, the overall length of the heat exchanger 10
may be shortened, the overall occupied volume of the heat
exchanger 10 may be reduced, and a heat exchange effi-
ciency may be improved.
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[0041] Further, the first hollow vane 121, the connecting
channel 122 and the second hollow vane 123 are twisted and
inclined relative to the axis of the outer sleeve 11. Taking the
first hollow vane 121 as an example, the first hollow vane
121 is twisted and inclined relative to the axis of the outer
sleeve 11, that is, the first hollow vane 121 has a certain twist
angle relative to the axis of the outer sleeve 11. The first
hollow vane 121 extends along the axial direction of the
outer sleeve 11 and twists along the circumferential direction
of the outer sleeve 11, so that the first hollow vane 121
presents a twisted shape rather than a completely planar
structure. Similarly, the second hollow vane 123 is also
twisted and inclined relative to the axis of the outer sleeve
11, so that the second hollow vane 123 presents a twisted
shape rather than a completely planar structure. The con-
necting channel 122 is twisted and inclined relative to the
axis of the outer sleeve 11, so that the connecting channel
122 presents a twisted shape rather than a straight line
structure.

[0042] In some embodiments, the first hollow vane 121,
the connecting channel 122 and the second hollow vane 123
are all in a twisted shape, such that a swirl flow can be
generated when the first fluid flows along the first flow
channel 101 and moves sequentially along the rotation
direction of the outer surfaces of the first hollow vane 121,
the connecting channel 122 and the second hollow vane 123,
which is beneficial to increase the flow length and the
residence time of the first fluid, thereby improving the heat
exchange efficiency. The flow resistance of the first fluid is
also reduced, thereby reducing energy consumption. When
the second fluid flows along the second flow channel 102,
the swirl flow can be generated when the second fluid flows
along the second flow channel 102 and moves sequentially
along the rotation direction of the inner surfaces of the first
hollow vane 121, the connecting channel 122 and the second
hollow vane 123, which is beneficial to increase the flow
length and the residence time of the second fluid, thereby
improving the heat exchange efficiency.

[0043] Further, the twist and incline direction of the first
hollow vane 121 and the second hollow vane 123 are the
same, and the twist and incline direction of the connecting
channel 122 and the first hollow vane 121 are opposite. For
example, both the first hollow vane 121 and the second
hollow vane 123 rotate positively relative to the axis of the
outer sleeve 11, and the connecting channel 122 rotates
reversely relative to the axis of the outer sleeve 11. It should
be noted that the positive rotation and reverse rotation here
are only relatively speaking, it shows the different rotation
directions. Taking the flow of the first fluid (such as water)
as an example, the first fluid flows along the surface of the
first hollow vane 121 to generate swirling flow, and after
reaching the end of the first hollow vane 121. Due to the
change of the rotation direction of the connecting channel
122, the sudden change in the flow of the first fluid is
beneficial for the first fluid to scour the outer surface of the
connecting channel 122. The second fluid (such as refriger-
ant) has a longer residence time when passing through the
relatively slender connecting channel 122. In this way, the
convective heat transfer between the first fluid and the
second fluid is improved, and the heat exchange efficiency is
further improved.

[0044] Further, the connecting channel 122 is attached to
the inner wall surface of the outer sleeve 11. When the first
fluid scours the outer surface of the connecting channel 122,
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a certain impact force will be generated on the connecting
channel 122. The connecting channel 122 is a slender strip
structure, and the connecting channel 122 is attached to the
inner wall of the outer sleeve 11, which improves the
structural strength of the connecting channel 122, prevents
the connecting channel 122 from being broken and damaged
under long-term washing, and increases the service life of
the heat exchanger 10. In addition, the connecting channel
122 is attached to the inner wall of the outer sleeve 11, which
is also conducive to the integral formation of the connecting
channel 122 and the outer sleeve 11. For example, the
connecting channel 122 can be printed on the inner wall of
the outer sleeve 11 by 3D printing technology, which can
simplify the production process of the heat exchanger 10 and
save costs.

[0045] Further, as shown in FIG. 3 and FIG. 4, the
diversion unit group 12 also includes the first central tube
124 and the second central tube 125. The first hollow vane
121 is fixed on the outer periphery of the first central tube
124, one end of the first central tube 124 away from the
connecting channel 122 is provided with a fluid inlet 1241.
The other end of the first central tube 124 is closed, the
peripheral wall of the first central tube 124 is provided with
the first through hole 1242 communicated with the first
hollow vane 121. The second hollow vane 123 is fixed on the
outer periphery of the second central tube 125, one end of
the second central tube 125 away from the connecting
channel 122 is provided with a fluid outlet 1251, the other
end of the second central tube 125 is closed, and the
peripheral wall of the second central tube 125 is provided
with the second through hole 1252 communicated with the
second hollow vane 123.

[0046] In some embodiments, the first central tube 124 is
a straight tube extending coaxially with the outer sleeve 11.
The first central tube 124 is a hollow tubular structure with
an open end and a closed end. One side of the first hollow
vane 121 is attached to the outer peripheral surface of the
first central tube 124 and is extended along the first central
tube 124. The open end of the first central tube 124 is
provided with a fluid inlet 1241, the side wall of the first
central tube 124 is provided with a first through hole 1242,
the second fluid can flow from the fluid inlet 1241 into the
first central tube 124, and then flows into the first hollow
vane 121 through the first through hole 1242. The second
central tube 125 is a straight tube extending coaxially with
the outer sleeve 11. The second central tube 125 is a hollow
tubular structure with an open and a closed end. One side of
the second hollow vane 123 is attached to the outer periph-
ery of the second central tube 125 and is extended along the
second central tube 125. The open end of the second central
tube 125 is provided with a fluid outlet 1251, and the side
wall of the second central tube 125 is provided with a second
through hole 1252. The second fluid can flow from the first
hollow vane 121 into the second hollow vane 123 through
the connecting channel 122, then flows into the second
central tube 125 through the second through hole 1252 from
the second hollow vane 123, and finally flows out from the
fluid outlet 1251 of the second central tube 125.

[0047] Further, in one diversion unit group 12, the plural-
ity of the first hollow vanes 121, the connecting channels
122 and the second hollow vanes 123 are provided in a
one-to-one correspondence. Each of the first hollow vanes
121 is spaced apart along the circumferential direction of the
first central tube 124, and the peripheral wall of the first
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central tube 124 is provided with the plurality of first
through holes 1242 along the circumferential direction. The
first through holes 1242 and the first hollow vanes 121 are
communicated in a one-to-one correspondence. Each of the
second hollow vanes 123 is spaced apart along the circum-
ferential direction of the second central tube 125, and the
peripheral wall of the second central tube 125 is provided
with a plurality of the second through holes 1252 along the
circumferential direction. The second through holes 1252
and the second hollow vanes 123 are communicated in a
one-to-one correspondence. Each of the connecting channels
122 is connected between the first hollow vane 121 and the
second hollow vane 123 in a one-to-one correspondence.

[0048] In some embodiments, a plurality of first hollow
vanes 121 are spaced apart along the circumferential direc-
tion of the first central tube 124, a plurality of second hollow
vanes 123 are spaced apart along the circumferential direc-
tion of the second central tube 125, and a plurality of
connecting channels 122 are spaced apart along the inner
peripheral surface of the outer sleeve 11. One end of each
connecting channel 122 is connected and communicated
with the end of the first hollow vane 121 close to the inner
wall surface of the outer sleeve 11, and the other end of each
connecting channel 122 is connected and communicated
with the end of the second hollow vane 123 close to the inner
wall surface of the outer sleeve 11. A first channel is formed
between any two adjacent first hollow vanes 121, a second
channel is formed between any adjacent two second hollow
vanes 123, and an intermediate channel is formed between
the plurality of connecting channels 122.

[0049] The flow path of the first fluid along the first flow
channel 101 is generally as follows. The first fluid enters the
first channel from one end of the outer sleeve 11, then enters
the middle channel from the first channel, and then enters the
third channel from the middle channel. The flow path of the
second fluid along the second flow channel 102 is generally
as follows. The second fluid enters the first central tube 124
from the fluid inlet 1241 of the first central tube 124, and
then passes through the plurality of first through hole 1242
on the side wall of the first central tube 124 to flow into the
corresponding first hollow vane 121. Then, the second fluid
enters into the corresponding connecting channel 122 at the
end of each first hollow vane 121 close to the inner wall
surface of the outer sleeve 11, and then enters the second
hollow vane 123 through the connecting channel 122. The
second fluid finally flows into the second central tube 125
through a plurality of second through holes 1252 on the
outer peripheral surface of the second central tube 125, and
then flows out from the fluid outlet 1251 of the second
central tube 125. When entering the plurality of first hollow
vanes 121 through the first central tube 124, the second fluid
undergoes divergent movement in a centrifugal direction.
When entering the second central tube 125 from the plurality
of second hollow vanes 123, the second fluid undergoes
convergent movement in a centripetal direction. The above
design can further increase the contact area between the first
fluid and the second fluid, prolong the flow and residence
time of the first fluid and the second fluid in the correspond-
ing flow channel, and improve the heat exchange efficiency.
[0050] Further, both the first central tube 124 and the
second central tube 125 are straight tubes extending coaxi-
ally with the outer sleeve 11, and a plurality of the first
hollow vanes 121 are evenly distributed at intervals along
the circumferential direction of the first central tube 124.
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The plurality of second hollow vanes 123 are evenly dis-
tributed at intervals along the circumferential direction of
the second central tube 125. In this way, on the same
circumferential section, the spacing between any two adja-
cent first hollow vanes 121 is equal, and the spacing between
any adjacent two second hollow vanes 123 is equal, so that
the flow distribution of the first fluid and the second fluid is
more uniform and the heat exchange between the first fluid
and the second fluid is more uniform.

[0051] Further, on the basis of the above embodiments, at
least two diversion unit groups 12 are provided, and each
diversion unit group 12 is provided in an array along the
axial direction of the outer sleeve 11 and communicates with
each other in sequence. In this way, after the second fluid
flows through the second flow channel 102 of the first group
of diversion unit groups 12, it can immediately enter the
second flow channel 102 of the next group of diversion unit
groups 12, so that the second fluid can be further improved.
Fluid flow path to achieve better heat transfer effect.

[0052] As shown in FIG. 1 and FIG. 2, in some embodi-
ments, the heat exchanger 10 includes an outer sleeve 11 and
at least two diversion unit groups 12 provided in the outer
sleeve 11, each diversion unit group 12 includes a first
central tube 124, a plurality of first hollow vanes 121, a
plurality of connecting channels 122, a plurality of second
hollow vanes 123, and a second central tube 125. A plurality
of the first hollow vanes 121 are spaced and evenly distrib-
uted along the circumferential direction of the first central
tube 124, a plurality of second hollow vanes 123 are spaced
and evenly distributed along the circumferential direction of
the second central tube 125, and a plurality of connecting
channels 122 are attached to each other. The inner peripheral
surface of the outer sleeve 11 is spaced and uniformly
provided, and one end of each connecting channel 122 is
connected and communicated with the first hollow vane 121,
and the other end of each connecting channel 122 is con-
nected and communicated with the second hollow vane 123.
The first hollow vane 121, the connecting channel 122 and
the second hollow vane 123 are twisted and inclined relative
to the axis of the outer sleeve 11. The first hollow vane 121
and the second hollow vane 123 have the same twist and
incline direction, and the connecting channel 122 and the
first hollow vane 121 and the second hollow vane 123 have
the opposite twist and incline direction.

[0053] Insomeembodiments, as shown in FIG. 1 and FIG.
5, the first fluid (such as water) enters the first channel
between any two adjacent first hollow vanes 121 through an
opening of the outer sleeve 11, and then passes through a
plurality of the first channel to converge to the middle
channel defined by the plurality of connecting channels 122,
and then diverges to the second channel between any two
adjacent second hollow vanes 123 through the middle chan-
nel, and finally flows out from another opening of the outer
sleeve 11. A flow direction of the second fluid is opposite to
the flow direction of the first fluid. The second fluid (such as
refrigerant) enters the first central tube 124 from the fluid
inlet 1241 of the first central tube 124, and then passes
through a plurality of the first through holes 1242 on the side
wall of the first central tube 124 to diverge into the corre-
sponding first hollow vane 121 and undergoes a divergent
movement in the centrifugal direction in the first hollow
vane 121. Then, the second fluid enters the corresponding
connecting channel 122 from the end of each first hollow
vane 121 close to the inner wall surface of the outer sleeve
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11, and then enters the second hollow vane 123 through the
connecting channel 122 and undergoes the convergent
movement in the centripetal direction in the second hollow
vane 123. Finally, the second fluid passes through the
plurality of second through holes 1252 of the outer periph-
eral surface of the second central tube 125 to converge into
the second central tube 125, and then flow out from the fluid
outlet 1251 of the second central tube 125 into the next
diversion unit group 12.

[0054] In some embodiments, the first hollow vane 121
and the second hollow vane 123 have a sheet structure,
which can increase the contact area between the first fluid
and the second fluid and improve the heat exchange effi-
ciency. The first hollow vane 121 and the second hollow
vane 123 are in a twisted structure, which can induce the first
fluid and the second fluid to generate swirling flow. This is
beneficial for increasing the flow path of the first fluid and
the second fluid, prolonging the residence time, and further
enhancing the heat exchange efficiency. Additionally, it also
reduces the flow resistance of the first fluid, thereby reducing
energy consumption. The first hollow vane 121 and the
second hollow vane 123 rotate in opposite directions to the
connecting channel 122, which is beneficial for the first fluid
to scour the connecting channel 122, thereby improving
convective heat transfer. Generally speaking, compared with
the traditional double-tube heat exchanger, under the con-
dition of achieving the same heat exchange effect, in some
embodiments, the overall length of the heat exchanger 10
may be shorter, and the occupied volume may be smaller,
which may be beneficial to the miniaturization of the heat
pump system 20.

[0055] As shown in FIG. 6, the present application further
provides a heat pump system 20. In some embodiments, the
heat pump system 20 includes a compressor 21, a condenser
22, a throttle valve 23, and an evaporator 24. The compres-
sor 21, the condenser 22, the throttle valve 23 and the
evaporator 24 are communicated with each other to form a
circulation circuit, and the condenser 22 adopts the heat
exchanger 10 as described above.

[0056] The heat pump system 20 in some embodiments
adopts the above-mentioned heat exchanger 10 as the con-
denser 22. The heat exchanger 10 includes an outer sleeve 11
and a diversion unit group 12. The outer sleeve 11 is
provided with two open ends, the diversion unit group 12 is
provided in the outer sleeve 11, and a first flow channel 101
is formed between the outer sleeve 11 and the diversion unit
group 12 for the first fluid to flow through from one end to
the other end of the outer sleeve 11. The diversion unit group
12 includes a first hollow vane 121, a connecting channel
122 and a second hollow vane 123 sequentially provided
along an axial direction of the outer sleeve 11. The first
hollow vane 121, the connecting channel 122 and the second
hollow vane 122 are sequentially connected to form the
second flow channel 102 for the second fluid to flow from
one end to the other end of the outer sleeve 11. Compared
with the traditional double-tube heat exchanger, in the case
of achieving the same heat exchange effect, the overall
length of the heat exchanger 10 may be smaller, and the
occupied volume may be smaller, thereby making the over-
all heat pump system 20 more compact, smaller in size, and
higher in heat exchange efficiency. The specific structure of
the heat exchanger 10 refers to the above-mentioned
embodiments.



US 2024/0003632 Al

[0057] Further, the heat pump system 20 includes a plu-
rality of the condensers 22 (heat exchangers 10), and the
plurality of condensers 22 are connected to the circulation
circuit of the heat pump system 20 in parallel. In this way,
each condenser 22 can be controlled independently, and
different quantity of the condensers 22 can be controlled to
work according to actual heat exchange needs. In addition,
the plurality of condensers 22 are connected in parallel
without increasing the overall length of the heat pump
system 20, so that the heat pump system 20 can maintain a
small length while having an efficient heat exchange func-
tion.

[0058] As shown in FIG. 6, the present application further
provides a dishwasher 200. In some embodiments, the
dishwasher 200 includes a body and a heat pump system 20
provided in the body. The heat pump system 20 includes a
compressor 21, a condenser 22, a throttle valve 23 and an
evaporator 24. The compressor 21, the condenser 22, the
throttle valve 23 and the evaporator 24 are communicated
with each other to form a circulation circuit, and the con-
denser 22 adopts the heat exchanger 10 as described above.
The heat exchanger 10 includes an outer sleeve 11 and a
diversion unit group 12. The outer sleeve 11 is provided with
two open ends, the diversion unit group 12 is provided in the
outer sleeve 11, and a first flow channel 101 is formed
between the outer sleeve 11 and the diversion unit group 12
for the first fluid to flow through from one end to the other
end of the outer sleeve 11. The diversion unit group 12
includes a first hollow vane 121, a connecting channel 122
and a second hollow vane 123 sequentially provided along
an axial direction of the outer sleeve 11. The first hollow
vane 121, the connecting channel 122 and the second hollow
vane 122 are sequentially connected to form the second flow
channel 102 for the second fluid to flow from one end to the
other end of the outer sleeve 11.

[0059] In some embodiments, as shown in FIG. 6, the heat
pump system 20 is concentrated in the chassis of the
dishwasher 200. The heat pump system 20 includes a
compressor 21, a condenser 22, a throttle valve 23 and an
evaporator 24, and the condenser 22 adopts the above-
mentioned heat exchanger 10. The refrigerant channel (that
is, the second flow channel 102 of the heat exchanger 10) of
the condenser 22 (that is, the heat exchanger 10) is sequen-
tially connected to the throttle valve 23, the evaporator 24
and the compressor 21 to form a circulation circuit for the
refrigerant to flow. The outlet end of the water channel (that
is, the first flow channel 101 of the heat exchanger 10) of the
condenser 22 (that is, the heat exchanger 10) is connected to
the water inlet of the circulating water pump 26, and the inlet
end of the water channel is connected to the water return port
of the cavity sink 27, and the water outlet of the circulating
water pump 26 is connected to the spray arm 28 in the inner
cavity of the dishwasher 200 through a pipeline. The quan-
tity of spray arms 28 can be one, two or more according to
actual needs.

[0060] When the dishwasher 200 works normally, the
circulating water pump 26 provides power to drive circu-
lating water for cleaning. The circulating water pump 26
pumps hot water into the spray arm 28 through the pipeline.
The spray arm 28 is located in the inner cavity of the body.
The hot water is sprayed on the tableware through a plurality
of spray holes, and finally the hot water enters the cavity sink
27 for collection by gravity, and flows out from the water
return port and enters the circulating water pump 26 through
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the condenser 22. The condenser 22 used in the heat pump
system 20 is located between the water return port and the
circulating water pump 26. One side of the condenser 22 is
a water channel, and the other side of the condenser 22 is a
refrigerant channel. The water heating process is completed
in the condenser 22. The condenser 22 can specifically be the
heat exchanger 10 adopted in the above-mentioned embodi-
ments. The condenser 22 is the high temperature side of the
heat pump system 20, used to transfer the heat of the
refrigerant to water. The low temperature side of the heat
pump system 20 is the evaporator 24, used for heat exchange
between the refrigerant and the air. In some embodiments,
the heat pump system 20 further includes a fan 25 located at
the inner side of the evaporator 24. The fan 25 can specifi-
cally be an axial-flow fan. The components of the entire heat
pump system 20 are separated by a fan 25. One side of the
fan 25 is the condenser 22 and the compressor 21, which are
closer to the circulating water pump 26 for easy connection
to the water pipes. The other side of the fan 25 is the
evaporator 24 and the air duct, which are located at the front
side of the chassis, and is convenient to complete heat
exchange with the air. The air inlet of the fan 25 is connected
to the air inlet duct, the air outlet of the fan 25 is connected
to the air outlet duct, and the other end of the air inlet duct
is the evaporator 24. When exchanging heat with air, the air
all enters the air inlet duct after passing through the evapo-
rator 24, then enters the fan 25, and finally flows out from
the air outlet duct. The air inlet and the air outlet are all at
the front side of the chassis. The dishwasher 200 of this
solution adopts the above-mentioned heat pump system 20,
and the heat pump system 20 has a compact overall layout
and occupies little space, so that the overall dishwasher 200
can be made more compact and smaller. The specific struc-
ture of the heat exchanger 10 refers to the above-mentioned
embodiments. Since the dishwasher 200 adopts all the
technical solutions of all the above-mentioned embodi-
ments, it at least possesses all the beneficial effects brought
by the technical solutions of the above-mentioned embodi-
ments, which is not repeated here.

[0061] The above are only some embodiments of the
present application, and are not intended to limit the scope
of the present application. Under the inventive concept of
the present application, the equivalent structural transfor-
mations made by using the description of the application and
the contents of the accompanying drawings, or direct/indi-
rect applications in other relevant technical fields are
included in the scope of the present application.

1. A heat exchanger, comprising:

an outer sleeve provided with two open ends; and

at least one diversion unit group provided in the outer
sleeve,

wherein:

a first flow channel is formed between the outer sleeve and
the diversion unit group for a first fluid to flow from one
end to the other end of the outer sleeve,

the diversion unit group comprises a first hollow vane, a
connecting channel, and a second hollow vane sequen-
tially provided along an axial direction of the outer
sleeve, and

the first hollow vane, the connecting channel and the
second hollow vane are sequentially connected to form
a second flow channel for a second fluid to flow from
one end to the other end of the outer sleeve.
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2. The heat exchanger according to claim 1, wherein the
first hollow vane, the connecting channel, and the second
hollow vane are twisted and inclined relative to an axis of
the outer sleeve.

3. The heat exchanger according to claim 2, wherein a
twist and incline direction of the first hollow vane and the
second hollow vane are the same, and a twist and incline
direction of the connecting channel and the first hollow vane
are opposite.

4. The heat exchanger according to claim 1, wherein the
connecting channel is attached to an inner wall surface of the
outer sleeve.

5. The heat exchanger according to claim 1, wherein:

the diversion unit group further comprises a first central
tube and a second central tube,

the first hollow vane is fixed on an outer periphery of the
first central tube, one end of the first central tube away
from the connecting channel is provided with a fluid
inlet, the other end of the first central tube is closed, a
peripheral wall of the first central tube is provided with
a first through hole communicated with the first hollow
vane, and

the second hollow vane is fixed on an outer periphery of
the second central tube, one end of the second central
tube away from the connecting channel is provided
with a fluid outlet, the other end of the second central
tube is closed, and a peripheral wall of the second
central tube is provided with a second through hole
communicated with the second hollow vane.

6. The heat exchanger according to claim 5, wherein:

in one diversion unit group, a plurality of the first hollow
vanes, the connecting channels and the second hollow
vanes are provided in a one-to-one correspondence,

each of the first hollow vanes is spaced apart along a
circumferential direction of the first central tube, the
peripheral wall of the first central tube is provided with
a plurality of the first through holes along the circum-
ferential direction, and the first through holes and the
first hollow vanes are communicated in a one-to-one
correspondence,

each of the second hollow vanes is spaced apart along a
circumferential direction of the second central tube,
and the peripheral wall of the second central tube is
provided with a plurality of the second through holes
along the circumferential direction, the second through
holes and the second hollow vanes are communicated
in a one-to-one correspondence, and

each of the connecting channels is connected between the
first hollow vane and the second hollow vane in a
one-to-one correspondence.

7. The heat exchanger according to claim 6, wherein both
the first central tube and the second central tube are straight
tubes extending coaxially with the outer sleeve, a plurality
of the first hollow vanes are evenly spaced apart along the
circumferential direction of the first central tube, and the
second hollow vanes are evenly spaced apart along the
circumferential direction of the second central tube.

8. The heat exchanger according to claim 1, wherein at
least two diversion unit groups are provided, and each group
of the diversion unit groups is provided along the axial
direction of the outer sleeve and communicated sequentially.
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9. A heat pump system, comprising:

a compressor;

a condenser;

a throttle valve; and

an evaporatot,

wherein the compressor, the condenser, the throttle
valve, and the evaporator are communicated with
each other to form a circulation circuit, and the
condenser adopts a heat exchanger comprising:

an outer sleeve provided with two open ends; and

at least one diversion unit group provided in the outer
sleeve,

wherein:

a first flow channel is formed between the outer sleeve
and the diversion unit group for a first fluid to flow
from one end to the other end of the outer sleeve,

the diversion unit group comprises a first hollow vane,
a connecting channel, and a second hollow vane
sequentially provided along an axial direction of the
outer sleeve, and

the first hollow vane, the connecting channel and the
second hollow vane are sequentially connected to
form a second flow channel for a second fluid to flow
from one end to the other end of the outer sleeve.

10. A dishwasher, comprising the heat pump system
according to claim 9.

11. The heat pump system according to claim 9, wherein
the first hollow vane, the connecting channel, and the second
hollow vane are twisted and inclined relative to an axis of
the outer sleeve.

12. The heat pump system according to claim 11, wherein
a twist and incline direction of the first hollow vane and the
second hollow vane are the same, and a twist and incline
direction of the connecting channel and the first hollow vane
are opposite.

13. The heat pump system according to claim 9, wherein
the connecting channel is attached to an inner wall surface
of the outer sleeve.

14. The heat pump system according to claim 9, wherein:

the diversion unit group further comprises a first central

tube and a second central tube,

the first hollow vane is fixed on an outer periphery of the

first central tube, one end of the first central tube away

from the connecting channel is provided with a fluid

inlet, the other end of the first central tube is closed, a

peripheral wall of the first central tube is provided with

a first through hole communicated with the first hollow

vane, and

the second hollow vane is fixed on an outer periphery of

the second central tube, one end of the second central
tube away from the connecting channel is provided
with a fluid outlet, the other end of the second central
tube is closed, and a peripheral wall of the second
central tube is provided with a second through hole
communicated with the second hollow vane.

15. The heat pump system according to claim 14, wherein:

in one diversion unit group, a plurality of the first hollow

vanes, the connecting channels and the second hollow
vanes are provided in a one-to-one correspondence,

each of the first hollow vanes is spaced apart along a

circumferential direction of the first central tube, the

peripheral wall of the first central tube is provided with

a plurality of the first through holes along the circum-
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ferential direction, and the first through holes and the
first hollow vanes are communicated in a one-to-one
correspondence,

each of the second hollow vanes is spaced apart along a

circumferential direction of the second central tube,
and the peripheral wall of the second central tube is
provided with a plurality of the second through holes
along the circumferential direction, the second through
holes and the second hollow vanes are communicated
in a one-to-one correspondence, and

each of the connecting channels is connected between the

first hollow vane and the second hollow vane in a
one-to-one correspondence.

16. The heat pump system according to claim 15, wherein
both the first central tube and the second central tube are
straight tubes extending coaxially with the outer sleeve, a
plurality of the first hollow vanes are evenly spaced apart
along the circumferential direction of the first central tube,
and the second hollow vanes are evenly spaced apart along
the circumferential direction of the second central tube.
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