US 20240093944A1

a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2024/0093944 A1

GAO et al.

43) Pub. Date: Mar. 21, 2024

(54)

(71)

(72)

(73)

@
(22)

(86)

(30)

Dec. 2, 2020
Dec. 2, 2020

SPIRAL HEAT EXCHANGER AND HEAT
EXCHANGE DEVICE

Applicant: SHANGHAI XINGYE MATERIALS
TECHNOLOGY CO., LTD., Shanghai
(CN)

Inventors: Feng GAOQO, Shanghai (CN); Zaixiang
LIU, Shanghai (CN); Yanfeng CHEN,
Shanghai (CN); Yuanfeng CAI,
Shanghai (CN); Bing WANG, Shanghai
(CN); Zhengyan NIU, Shanghai (CN)

SHANGHAI XINGYE MATERIALS
TECHNOLOGY CO., LTD., Shanghai
(CN)

Assignee:

Appl. No.:  18/039,546

PCT Filed: Nov. 30, 2021

PCT No.:

§ 371 (e)(D),
(2) Date:

PCT/CN2021/134267

May 31, 2023
Foreign Application Priority Data

(CN)
(CN)

2020113845393
202011388547.5

Publication Classification

(51) Int. CL
F28D 7/14 (2006.01)
F28F 3/04 (2006.01)
(52) US.CL
CPC oo F28D 7/14 (2013.01); F28F 3/04
(2013.01); F28F 2009/226 (2013.01)
(57) ABSTRACT

The present invention application relates to a spiral heat
exchanger and a heat exchange device. The spiral heat
exchanger comprises: a core shaft (1), the axis of which
extends in the left-right direction, a first liquid-passing
coiled tape (2) spirally wound around the periphery of the
core shaft (1) by at least two circles and having a spiral
liquid channel (201) therein; the first liquid-passing coiled
tape (2) of adjacent layers is isolated by a certain distance,
thereby forming a left-right through spiral first air flow
channel (3); the first liquid-passing coiled tape (2) is pro-
vided with first liquid inlet/outlet ports (4) and second liquid
inlet/outlet ports (5) which are arranged at intervals along
the length direction of the liquid-passing coiled tape (2) and
communicated with each other by means of the spiral liquid
channel (201); the first liquid inlet/outlet ports (4) are
arranged at the inner side end of the first liquid-passing
coiled tape (2) in the spiral direction and extend out of the
left side in a direction parallel to the axis of the core shaft
(1); the second liquid inlet/outlet ports (5) extend out of the
right side in a direction parallel to the axis of the core shaft
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SPIRAL HEAT EXCHANGER AND HEAT
EXCHANGE DEVICE

FIELD OF THE INVENTION

[0001] The present invention application relates to the
field of heat exchanging, specifically to a spiral heat
exchanger and a heat exchange device.

BACKGROUND

[0002] A heat exchanger refers to the equipment that
transfers the heat of the heat fluid to the cold fluid. The heat
exchanger has an important application in life and industrial
production. Due to the pursuit of a larger heat exchange area,
the traditional heat exchanger generally covers a large area,
so it has disadvantages such as higher requirements for
installation space and inconvenient maintenance. Therefore,
on the premise of ensuring sufficient heat exchange area,
how to reduce the volume of the heat exchanger is an urgent
problem to be solved in the industry.

[0003] The Chinese utility model patent No. 2044951350
discloses a new type of spiral plate reaction heat exchanger
which includes a first sheet, a second sheet, a middle
partition, and outer cylinder. The first and second plates are
spaced to form a double spiral cylinder. The middle partition
is connected to the end of the first and second plates near the
center of the helix, and separates the double spiral cylinder
into two spaces without interference each other. One of the
spaces is a hot fluid channel (where the hot medium enters
the chamber) for running the hot fluid, and the other space
is a cold fluid channel (where the cold medium enters the
chamber) for running the cold fluid. The hot and cold fluid
channels are arranged into an interval distribution. The hot
fluid channels and the cold fluid channels are located near
the center of the helix with a hot fluid inlet and a cold fluid
outlet, respectively, and the hot fluid channel and cold fluid
channel are provided with a hot fluid outlet and a cold fluid
inlet, respectively. When undergoing a heat exchange, the
surface areas of the first and second plates are the heat
transfer area of the hot and cold fluid to ensure the sufficient
heat transfer area with the setting of a double-helical cylin-
der, and can effectively reduce the volume of the heat
exchanger. However, the spiral plate reaction heat exchanger
in the patent document as described above has at least the
following disadvantage.

[0004] The flow resistance is relatively large. The hot fluid
and cold fluid are flown in the hot fluid flow channel and the
cold fluid channel, respectively, along the spiral coil direc-
tion for a long distance. In the process of the hot fluid and
cold fluid flowing, the flowing directions of the hot fluid and
cold fluid are always changed, a large interaction force
occurs between the thin plate and the heat exchange fluid,
causing a large flow resistance to the fluid, thus it is not
suitable for a gaseous fluid heat exchange.

[0005] Maintenance frequency is high. Although the flow
channel of the hot fluid is a spiral coil shape, its essence is
still a space, that is, the hot fluid is transferred in a single
flow channel, and the cold fluid flow channel and the cold
fluid transport are the same. In the hot fluid flow channel, for
example, the problem of a single channel is in that if hot
fluid flow a position blockage, will affect the hot fluid in the
whole hot fluid flow channel, even will directly cause the
heat fluid cannot transport in a serious situation to make the
heat exchanger cannot working normally, that is, as long as
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there is a blockage in the hot fluid passage, the staff needs
to maintain the heat exchanger with high maintenance
frequency.

[0006] This heat exchanger is a multilayer spiral winding
structure, in order to fully heat transfer to obtain a higher
heat transfer efficiency, the structure usually wound very
many number of layers to make the radial size too large.
When the heat exchanger is installed, it need to be provided
a larger radial space for installing heat exchanger, which in
some radial space limited occasions cannot realize the
hidden installation of the heat exchanger.

[0007] The heat exchanger is a single channel structure. In
practical application, the cold fluid and hot fluid have only
one channel respectively, and the fluid volume is small,
resulting in small heat exchange and insufficient heat trans-
fer capacity (heating or cooling capacity) not enough. If the
fluid flow is increased by increasing the cross-sectional area
of the spiral channel, it will lead to the heat exchange area
of'the heat exchanger too small under the same size, and that
is unworthy.

SUMMARY

[0008] In order to solve at least one technical problem as
described above, in accordance with the present invention
application, there is provided a spiral heat exchanger and a
heat exchange device with the spiral heat exchanger.
[0009] The technical solutions according to the present
invention application are as follows.
[0010] In accordance with the first aspect of the present
invention application, there is provided a spiral heat
exchanger, which comprises:
[0011] a core shaft with an axis extending in the left-
right direction; and
[0012] a first liquid-passing coiled tape spirally wound
around the periphery of the core shaft by at least two
circles and having a spiral liquid channel therein;
[0013] adjacent circles of the first liquid-passing coiled
tape is isolated by a certain distance, thereby forming
a left-right through spiral first air flow channel, the first
liquid-passing coiled tape is provided with a first liquid
inlet/outlet port and a second liquid inlet/outlet port
which are arranged at a certain interval along the length
direction of the liquid-passing coiled tape and liquidly
connected with each other by means of the spiral liquid
channel; the first liquid inlet/outlet port is arranged at
the inner side end of the first liquid-passing coiled tape
in the spiral direction and extends out of the left side in
a direction parallel to the axis of the core shaft; the
second liquid inlet/outlet port extends out of the right
side in a direction parallel to the axis of the core shaft.
[0014] In an optional design, the second inlet/outlet liquid
port is disposed at an outer end of the first liquid-passing
coiled tape in the spiral direction.
[0015] In an optional design, the spiral heat exchanger
also includes a second liquid-passing coiled tape with a
spiral shape wound around the first liquid-passing coiled
tape for at least two circles, the second liquid-passing coiled
tape of adjacent circles is isolated by a certain distance,
thereby forming a second airflow channel passing through
from left to right with a spiral shape. The second liquid-
passing coiled tape is provided with a third inlet/outlet liquid
port extending out of the left side in a direction parallel to
the axis of the core shaft and a fourth inlet/outlet liquid port
extending out of the right side in a direction parallel to the
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axis of the core shaft respectively at an end in the length
direction of the second liquid-passing coiled tape.
[0016] In an optional design, the first liquid-passing coiled
tape is provided with a liquid channel separating bar therein
extending in the left-right direction. The liquid channel
separating bar divides the first liquid-passing coiled tape into
two sub-liquid flow channels. The first inlet/outlet liquid
port and the second inlet/outlet liquid port are located at two
ends of an inside sub-channel, respectively, and a third
inlet/outlet liquid port extending out of the left side in a
direction parallel to the axis of the core shaft and a fourth
inlet/outlet liquid ports extending out of the right side in a
direction parallel to the axis of the core shaft are located at
two ends of an outside sub-channel in the length direction of
the first liquid-passing coiled tape, respectively.
[0017] Inan optional design, the first liquid-passing coiled
tape is provided with at least two liquid channel separating
bars therein extending in the left-right direction, and
arranged at an interval along the spiral direction of the first
liquid-passing coiled tape. The liquid channel separating
bars divide the first liquid-passing coiled tape into at least
three sub-liquid flow channels sequentially arranged along
the spiral direction of the first liquid-passing coiled tape and
isolated from each other. The first inlet/outlet liquid port and
the second inlet/outlet liquid port are disposed at the oppo-
site ends in the length direction on the side of the innermost
liquid sub-channel, and the third inlet/outlet liquid port
extending out of the left side in a direction parallel to the axis
of the core shaft and the fourth inlet/outlet liquid port
extending out of the right side in a direction parallel to the
axis of the core shaft are disposed at the opposite ends in the
length direction for the other liquid sub-channel.
[0018] In an optional design, the third inlet/outlet liquid
port is located at the inner end of the liquid flow channel in
the spiral direction and extending out of the left side in a
direction parallel to the axis of the core shaft, and the fourth
inlet/outlet liquid port is located at the outer end of the liquid
flow channel in the spiral direction and extending out of the
right side in a direction parallel to the axis of the core shaft.
[0019] Each of'the first inlet/outlet liquid port and the third
inlet/outlet liquid port is arranged along a radial direction of
the core shaft in a line, and each of the second inlet/outlet
liquid port and the fourth inlet/outlet liquid port is arranged
along a radial direction of the core shaft in a line.
[0020] In accordance with a second aspect of the present
invention application, there is provided a spiral heat
exchanger, which comprises:
[0021] a core shaft with an axis extending in the left-
right direction; and
[0022] a first liquid-passing coiled tape with a spiral
liquid channel therein wound around the axis of the
core shaft for at least two circles to form a spiral shape;
[0023] adjacent circles of the first liquid-passing coiled
tape are isolated by a distance so as to form a first spiral
airflow channel with a spiral shape passing through
from left to right. The first liquid-passing coiled tape is
provided with a plurality of liquid channel separating
bar therein extending in the left-right direction, and the
plurality of liquid channel separating bars divide the
spiral liquid channel into a plurality of sub-liquid flow
channels sequentially arranged along the spiral direc-
tion and isolated from each other. A first inlet/outlet
liquid port and a second inlet/outlet liquid port are
respectively disposed at the inner end and the outer end

Mar. 21, 2024

of the first liquid-passing coiled tape in the spiral
direction for each of the plurality of sub-liquid flow
channels, and thereby making the first inlet/outlet liq-
uid port and the second inlet/outlet liquid port to be
liquidly connected with the plurality of sub-liquid flow
channels.

[0024] In accordance with a third aspect of the present

invention application, there is provided a spiral heat

exchanger, which comprises:

[0025] a core shaft with an axis extending in the left-
right direction, and a first liquid-passing coiled tape
with a spiral liquid channel therein wound around the
axis of the core shaft for at least two circles to form a
spiral shape;

[0026] a second liquid-passing coiled tape with a sec-
ond spiral liquid channel therein wound around the axis
of the core shaft for at least two circles;

[0027] adjacent circles of the first liquid-passing coiled
tape are isolated at a distance so as to form a first spiral
airflow channel with a spiral shape passing through
from left to right; adjacent circles of the second liquid-
passing coiled tape are isolated at a distance so as to
form a second spiral airflow channel with a spiral shape
passing through from left to right; a first inlet/outlet
liquid port and a second inlet/outlet liquid port are
respectively disposed at the inner end and the outer end
of the first liquid-passing coiled tape in the spiral
direction, and thereby making the first inlet/outlet liq-
uid port and the second inlet/outlet liquid port to be
liquidly connected with the plurality of sub-liquid flow
channels, and a third inlet/outlet liquid port and a fourth
inlet/outlet liquid port are respectively disposed at the
inner end and the outer end of the second liquid-passing
coiled tape in the spiral direction, and thereby making
the third inlet/outlet liquid port and the fourth inlet/
outlet liquid port to be liquidly connected with the
second liquid flow channel.

[0028] In accordance with a fourth aspect of the present
invention application, there is provided a heat exchange
device, which comprises at least two spiral heat exchangers
in accordance with the first respect, the second aspect and
the third aspect of the present invention application, each of
the spiral heat exchangers is arranged along the coaxial line,
and the first inlet/outlet liquid port and the second inlet/
outlet liquid port of adjacent spiral heat exchanger are
connected in head to tail mode.

[0029] In accordance with a fifth aspect of the present
invention application, there is provided a spiral heat
exchanger, which comprises:

[0030] a core shaft with an axis extending in the left-
right direction, and

[0031] a first liquid-passing coiled tape wound around
the axis of the core shaft for at least two circles to form
a spiral shape;

[0032] the two adjacent circles of the first liquid-passing
coiled tape are isolated by a distance so as to form a first
spiral airflow channel with a spiral shape passing
through from left to right;

[0033] the first liquid-passing coiled tape includes a
plurality of strips with a spiral shape wound around the
core shaft with a spiral liquid channel inside, arranged
in a radial direction of the core shaft, so as to form a
fourth airflow channel between the adjacent strips
passing through from left to right.
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[0034] In accordance with a sixth aspect of the present
invention application, there is provided a spiral heat
exchanger, which comprises:

[0035] an internal supporting body, and

[0036] a third liquid-passing coiled tape with a spiral
shape wound around the periphery of the internal
supporting body;

[0037] the axis of the third liquid-passing coiled tape
extends in the left-right direction, and adjacent circles
of the third liquid-passing coiled tape is isolated by a
certain distance so as to form the third airflow channel
passing through from left to right;

[0038] the liquid flow space of the third liquid-passing
coiled tape includes 2N+2 sub-liquid flow channels
extending in a spiral shape, the 2N+2 sub-liquid flow
channels arranged along the lefi-right direction and
liquidly connected in sequence, where N is a natural
number;

[0039] in the 2N+2 sub-liquid flow channels, the sub-
liquid flow channel on leftmost side has a first liquid
inlet/outlet, and the sub-liquid flow channel on right-
most side has a second liquid inlet/outlet;

[0040] the internal supporting body is provided with a
third liquid inlet/outlet liquidly connected to the first
liquid inlet/outlet and a fourth liquid inlet/outlet liq-
uidly connected to the second liquid inlet/outlet.

[0041] In an optional design, when N=0, in the third
liquid-passing coiled tape, there is provided a separating bar
extending in a spiral shape, the separating bar divides the
liquid flow space of the third liquid-passing coiled tape into
two sub-liquid flow channels, and the two sub-liquid flow
channels are liquidly connected with each other; or,

[0042] When N=z1, in the third liquid-passing coiled
tape, there are provided 2N+1 separating bars extend-
ing in spiral shapes and arranged with an interval along
left-right direction, the 2N+1 separating bars divide the
liquid flow space of the third liquid-passing coiled tape
into 2N+2 sub-liquid flow channels arranged along
left-right direction and liquidly connected in sequence.

[0043] In an optional design, the first liquid inlet/outlet
and the second liquid inlet/outlet are disposed on the inner
circle of the third liquid-passing coiled tape.

[0044] In accordance with a seventh aspect of the present
invention application, there is provided a spiral heat
exchanger, which comprises:

[0045] a third liquid-passing coiled tape is wound
around an axis extending in the left-right direction in a
spiral shape, and has a liquid flow space inside, and

[0046] an external supporting body is disposed around
the third liquid-passing coiled tape;

[0047] the third liquid-passing coiled tape of adjacent
circles are separated by a certain distance so as to form
the third airflow channel passing through from left to
right;

[0048] the liquid flow space of the third liquid-passing
coiled tape includes 2N+2 sub-liquid flow channels
extending in a spiral shape, the 2N+2 sub-liquid flow
channels are arranged along lefi-right direction, and are
liquidly connected in sequence, where, N is a natural
number;

[0049] in the 2N+2 sub-liquid flow channels, the sub-
liquid flow channel on the leftmost side has a first liquid
inlet/outlet, the sub-liquid flow channel on the right-
most side has a second liquid inlet/outlet;
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[0050] the external supporting body is provided with a
third liquid inlet/outlet liquidly connected with the first
liquid inlet/outlet and a fourth liquid inlet/outlet liq-
uidly connected with the second liquid inlet/outlet.

[0051] In an optional design, when N=0, the third liquid-
passing coiled tape is provided with a separating bar therein
extending in a spiral shape, the separating bar divides the
liquid flow space of the third liquid-passing coiled tape into
two sub-liquid flow channels, and outside ends of the two
sub-liquid flow channels are liquidly connected; or

[0052] When Nz1, the third liquid-passing coiled tape is
provided 2N+1 separating bars extending in a spiral shape
and arranged at an interval along left-right direction, the
2N+1 separating bars divide the liquid flow space of the
third liquid-passing coiled tape into 2N+2 sub-liquid flow
channels arranged along left-right direction and connected in
head to tail mode.

[0053] In an optional design, both the first liquid inlet/
outlet and the second liquid inlet/outlet are disposed on the
outmost circle of the third liquid-passing coiled tape.
[0054] In accordance with a eighth aspect of the present
invention application, there is provided a heat exchange
device, which comprises a plurality of spiral heat exchangers
as described above according to the sixth aspect or the
seventh respect, the plurality of the spiral heat exchangers
are sequentially arranged along left-right direction, the third
liquid inlet/outlet and the fourth liquid inlet/outlet of adja-
cent spiral heat exchangers are liquidly connected.

[0055] The spiral heat exchangers and the heat exchange
device according to embodiments of the present invention
application have at least the following beneficial technical
effects.

[0056] 1. The airflow channel in the heat exchanger is a
spiral passage through the left and right, which has sufficient
heat transtfer area. Moreover, the gas movement path is from
the left end of first liquid-passing coiled tape to the right end
of first liquid-passing coiled tape, the motion direction is
parallel to the winding axis of first liquid-passing coiled
tape, the gas flow resistance is small, and the cleaning
difficulty of the air channel is low.

[0057] 2. The liquid inlet and liquid outlet ports of some
spiral heat exchanger are located on both sides of the heat
exchanger, and both extend along the axial direction, so that
the liquid inlet and outlet port are always located within the
radial range of the heat exchanger, which will not increase
the installation space of the heat exchanger in the radial
direction, and also facilitate the serial connection of multiple
heat exchangers along the axial direction. When a plurality
of serial heat exchangers of this structure are assembled into
a larger heat transfer device, air flows axially along the heat
exchanger, and the fluid in the axial direction, so that the
device has both uniform exhaust temperature and exhaust
temperature, especially for those applications where the
uniformity of exhaust temperature or exhaust temperature
has high requirements.

[0058] 3. For the spiral heat exchanger according to the
sixth and seventh aspects of the present invention applica-
tion, even if it is used individually, the gas or the liquid flows
through the spiral heat exchanger in the spiral direction, and
during the flow generates heat exchange with the target gas
through the flow path, so the temperature of the liquid
gradually increases or decreases along its flow path. If the
first liquid-passing coiled tape is virtually divided into
multiple concentric ring regions, then the liquid in each
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concentric ring region has a roughly equal average tempera-
ture, so that the target gas flowing from each position of the
spiral heat exchanger side has a relatively uniform air outlet
temperature. Moreover, the design of the present invention
application can also increase the flow stroke and heat
transfer time of the liquid in the first liquid-passing coiled
tape, thus increasing the heat transfer strength of the spiral
heat exchanger.

[0059] 4. The plurality of spiral heat exchanger according
to the present invention application can be expanded along
the axis, so as to “extract” the heat or cold of the heat
exchange liquid as much as possible, so that the temperature
of the air discharged from the heat transfer device is infi-
nitely close to the inflow temperature of the heat exchange
liquid, and the heat transfer device obtained by the extension
does not occupy the radial space in the environment.
[0060] 5. The heat transfer efficiency of the heat exchanger
composed of multiple spiral heat exchanger is determined by
the total number of spiral heat exchanger. Therefore, the
demand for the heat transfer efficiency of each spiral heat
exchanger is reduced. The number of winding a single spiral
heat exchanger can be reduced, radial dimension reduction,
so, multiple heat exchanger arranged along the axial series
to form a tubular heat exchanger devices can be secretly
installed at the corners of the wall, no dedicated installation
space is required for the installation.

[0061] 6. The number of winding circles of the tape on a
single heat exchanger means that the spiral fluid motion
stroke in the coil band is short. Compared with the back-
ground technology, it is less difficult to clear the blockage
along the spiral direction when the blockage occurs. Even if
a single heat exchanger in the heat exchange device is
blocked, the blocked single heat exchanger can be removed
and replaced with the spare normal use heat exchanger to
continue to work, so as not to affect the normal use of the
heat exchanger device.

[0062] 7. For the spiral heat exchanger according to the
sixth aspect of the present invention application, its first
liquid-passing coiled tape wound around the core shaft
includes a number of parallel spaced spiral tapes, in practical
application, each tape can independently move liquid, so
that the spiral heat exchanger can be a common into the
multiple heat exchange fluid, then the liquid transfer volume
and heat transfer capacity of the spiral heat exchanger are
improved, and the defects such as large flow resistance and
small flow rate existing in the single liquid heat exchanger
are overcome.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] In order to clearly illustrate the technical solution
of the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0064] FIG. 1 is a structure diagram of a spiral heat
exchanger in the embodiment 1 of the present invention
application, for showing a left end;

[0065] FIG. 2 is a structure diagram of a spiral heat
exchanger in the embodiment 1 of the present invention
application, for showing a right end;

[0066] FIG. 3 is a diagram showing left end of spiral heat
exchanger in the embodiment 1 of the present invention
application after removing the shell.
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[0067] FIG. 4 is an enlarged view of X1 position in FIG.
3, for showing the left end structure of the first liquid-
passing coiled tape;

[0068] FIG. 5 is an internal magnification diagram of X1
position in FIG. 3, for showing a cross section of the liquid
passing coiled tape;

[0069] FIG. 6 is a schematic diagram of FIG. 3;

[0070] FIG. 7 is an axial profile of a spiral heat exchanger
in the embodiment 1 of the present invention application;
[0071] FIG. 8 is a planar structure diagram showing a heat
conduct thin tape after fully unfolding in the embodiment 1
of the present invention application.

[0072] FIG. 9 is a structure diagram showing a heat
exchange device in the embodiment 1 of the present inven-
tion application.

[0073] FIG. 10 is an axial profile showing a heat exchange
device in the embodiment 1 of the present invention appli-
cation;

[0074] FIG. 11 is a left end diagram of a spiral heat
exchanger in the embodiment 2 of the present invention
application after removing the shell.

[0075] FIG. 12 is a right end diagram of a spiral heat
exchanger in the embodiment 2 of the present invention
application after removing the shell.

[0076] FIG. 13 is a left end diagram of a spiral heat
exchanger in the embodiment 3 of the present invention
application after removing the shell.

[0077] FIG. 14 is a right end diagram of a spiral heat
exchanger in the embodiment 3 of the present invention
application after removing the shell.

[0078] FIG. 15 is a left end diagram of a spiral heat
exchanger in the embodiment 4 of the present invention
application after removing the shell.

[0079] FIG. 16 is a left end diagram of a spiral heat
exchanger in the embodiment 5 of the present invention
application after removing the shell.

[0080] FIG. 17 is a left end diagram of a spiral heat
exchanger in the embodiment 6 of the present invention
application after removing the shell.

[0081] FIG. 18 is a right end diagram of a spiral heat
exchanger in the embodiment 6 of the present invention
application after removing the shell.

[0082] FIG. 19 is a left end diagram of a spiral heat
exchanger in the embodiment 7 of the present invention
application after removing the cylinder shell.

[0083] FIG. 20 is a right end diagram of a spiral heat
exchanger in the embodiment 7 of the present invention
application after removing the cylinder shell.

[0084] FIG. 21 is a perspective diagram of a spiral heat
exchanger in the embodiment 7 of the present invention
application, for showing a left end surface.

[0085] FIG. 22 is a perspective diagram of a spiral heat
exchanger in the embodiment 7 of the present invention
application, for showing a right end surface.

[0086] FIG. 23 is a section structure diagram of multiple
string combinations of spiral heat exchangers in the embodi-
ment 7 of the present invention application.

[0087] FIG. 24 is a perspective diagram of a spiral heat
exchanger in the embodiment 8 of the present invention
application, where the airflow channel support is removed.
[0088] FIG. 25 is a left view of a spiral heat exchanger in
the embodiment 8 of the present invention application.
[0089] FIG. 26 is a right view of a spiral heat exchanger
in the embodiment 8 of the present invention application.
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[0090] FIG. 27 is a side view of a corrugated coiled tape
in the embodiment 8 of the present invention application.
[0091] FIG. 28 is a perspective diagram of a corrugated
coiled tape in the embodiment 8 of the present invention
application after unfolding.

[0092] FIG. 29 is an enlarged view of X2 part in FIG. 23.
[0093] FIG. 30 is unfolded diagram of a first liquid-
passing coiled tape after removing the shell in the embodi-
ment 8 of the present invention application, in FIG. 30 the
solid arrow indicates liquid flowing direction.

[0094] FIG. 31 is a cross sectional view of a first liquid-
passing coiled tape in the embodiment 8 of the present
invention application.

[0095] FIG. 32 is a diagram of an internal supporting body
and an external supporting body in the embodiment 8 of the
present invention application.

[0096] FIG. 33 is an exploded diagram of an internal
supporting body in the embodiment 8 of the present inven-
tion application.

[0097] FIG. 34 is a connection diagram of a convert head
and a first liquid-passing coiled tape in the embodiment 8 of
the present invention application.

[0098] FIG. 35 is a diagram of the first liquid-passing
coiled tap shown in FIG. 34 after removing the shell thereof,
where the dashed arrows indicate the liquid flow direction.
[0099] FIG. 36 is a diagram of a plurality of spiral heat
exchanger in string connection in the embodiment 8 of the
present invention application.

[0100] FIG. 37 is a diagram of a plurality of spiral heat
exchanger in another string connection in the embodiment 8
of the present invention application.

[0101] FIG. 38 is an unfolded diagram of a first liquid-
passing coiled tape in the embodiment 9 of the present
invention application after removing the shell.

[0102] FIG. 39 is a perspective diagram of a spiral heat
exchanger in the embodiment 10 of the present invention
application, where an airflow support is removed.

[0103] FIG. 40 is a diagram of a convert head in the
embodiment of the present invention application.

[0104] FIG. 41 is a diagram of a plurality of spiral heat
exchangers in string connection in the embodiment 10 of the
present invention application.

EXPLANATION OF THE REFERENCE
SYMBOLS

[0105] 1—core shaft, 2—first liquid-passing coiled
tape, 3—first spiral airflow channel, 4—first inlet/outlet
liquid ports, 5—second inlet/outlet liquid ports,
6—third inlet/outlet liquid ports, 7—fourth inlet/outlet
liquid ports, 8—ventiduct, 9—corrugated tape,
10—tube shell, 11-—second liquid-passing coiled tape,
12—second airflow channel, 13—drawbar, 14—nut,
15—third liquid-passing coiled tape, 16—third airflow
channel, 17—airflow channel support, 18—internal
supporting body, 19—external supporting body;

[0106] 101—axial pass hole, 2a—tape body,
2b—fourth airflow channel, 201—spiral liquid flow
channel, 201a—sub-liquid flow channel, 202—heat
conduction thin tape, 202a—stamping hump, 2026—
arc bending part, 203—seal strip, 204—Iliquid channel
separating bar, 205—diversion strip;

[0107] 1501—separating bar, 1502—sub-liquid flow
channel, 1503—first liquid inlet/outlet, 1504—second
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liquid inlet/outlet, 1505—inner tape body, 1506—outer
tape body, 1507—seal strip;

[0108] 1701—wave peak, 1702—wave valley;

[0109] 1801—third liquid inlet/outlet, 1802—fourth
liquid inlet/outlet, 1803—helical surface, 1804—fan
installation cavity

[0110] 18a——closed ring, 185—split ring, 18¢——convert
head, 18aa—assembly groove.

DETAILED DESCRIPTION

[0111] In order to clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0112] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to
which the present invention belongs. The terms “first,”
“second,” etc., which are used in the description and the
claims of the present application for invention, are not
intended to indicate any sequence, amount or importance,
but distinguish various components. Also, the terms such as
“a,” “an,” etc., are not intended to limit the amount, but
indicate the existence of at least one. The terms “comprise,”
“comprising,” “include,” “including,” etc., are intended to
specify that the elements or the objects stated before these
terms encompass the elements or the objects and equivalents
thereof listed after these terms, but do not preclude the other
elements or objects. The phrases “connect”, “connected”,
etc., are not intended to define a physical connection or
mechanical connection, but may include an electrical con-
nection, directly or indirectly. “On,” “under,” “right,” “left”
and the like are only used to indicate relative position
relationship, and when the position of the object which is
described is changed, the relative position relationship may

be changed accordingly.

[0113] Now, some embodiments of the present invention
application will be described with reference of drawings.

The Embodiment 1

[0114] As shown in FIG. 1 through 8, the spiral heat
exchanger in the embodiment 1 is mainly composed of core
shaft 1 and first liquid-passing coiled tape 2, of which a first
liquid-passing coiled tape 2 is coiled around the periphery of
core shaft 1, and the first liquid-passing coiled tape 2 has ten
winding circles, thus a spiral liquid flow channel 201 with
ten helical layers are formed within the first liquid-passing
coiled tape 2. In order to more conveniently describe the
specific structure of the spiral heat exchanger, the length
direction of core shaft 1 is now defined as the left and right
direction, that is, the axis of core shaft 1 extends left and
right (from left to right).

[0115] In this embodiment, the first liquid-passing coiled
tape 2 of any adjacent two circle layers are separated by a
certain distance to form a spiral first spiral airflow channel
3 running through the left and right. In order to prevent the
first liquid-passing coiled tape 2 of the adjacent circle layer
from sticking to each other and thus causing first spiral
airflow channel 3 to blockage, the present embodiment
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provides a duct support sandwiched between the first liquid-
passing coiled tape 2 of two adjacent circle layers in first
spiral airflow channel 3.

[0116] The above air duct support is a plurality of venti-
ducts 8 parallel to the core shaft 1, and each ventiduct 8 is
closely arranged along the helical direction of first spiral
airflow channel 3. To prevent ventiduct 8 from activity, it is
best to bond the ventiduct 8 with first liquid-passing coiled
tape 2. Preferably, the ventiduct 8 includes an aluminum
tube with excellent thermal conductivity and easy to make.
[0117] Referring to FIG. 7, the first liquid-passing coiled
tape 2 has a first inlet/outlet liquid port 4 extending to the
core shaft 1 at the inner end of its helical direction (i. e.
length direction). The first liquid-passing coiled tape 2 has a
second inlet/outlet liquid port 5 extending out to the right
parallel to the axis of the core shaft 1. First inlet/outlet liquid
port 4 and the second inlet/outlet liquid port 5 are liquidly
connected via a spiral liquid flow channel 201. In practice,
the liquid sent into one of the inlet and outlet liquid port
flows along the helical direction of the first liquid-passing
coiled tape 2 (also the helical direction of spiral liquid flow
channel) to the other inlet and outlet liquid port. At the same
time, the gas to be heated up or cooled down enters the first
spiral airflow channel 3 from left side to right side or from
right side to left side in the axial direction, and then flows out
of the spiral heat exchanger from the other side. The gas
flowing in first spiral airflow channel 3 and the liquid
flowing in first liquid-passing coiled tape 2 undergo heat
exchange due to the temperature difference, thereby obtain-
ing the gas or liquid at the desired temperature.

[0118] However, this kind of heat exchanger has an obvi-
ous disadvantage: if the first inlet/outlet liquid port 4 at the
inner end of first liquid-passing coiled tape 2 is the liquid
inlet, the second inlet/outlet liquid port 5 is the liquid outlet,
the liquid sent into the first liquid-passing coiled tape is a
cryogenic liquid below the air temperature in the ventiduct.
After the gas enters the first spiral airflow channel 3 from the
side of this spiral heat exchanger axis, the gas contacts the
first liquid-passing coiled tape at different locations with
different temperatures. The first liquid-passing coiled tape
has different temperatures at different locations
—— peripheral gas contacts the first liquid-passing coiled
tape with the temperature is higher than the central gas. This
leads to an un-uniform temperature of the gas discharged out
from the opposite side of the heat exchanger, cannot be
applicable to applications requiring high temperature uni-
formity of the target gas.

[0119] Based on this, we can combine the spiral heat
exchanger of the above structures in the manner shown in
FIGS. 9 and 10, thereby forming a heat transfer device
which can evenly warm the gas to obtain uniform tempera-
ture gas at the outlet. In FIGS. 9 and 10, the core shaft 1 of
the above structured spiral heat exchanger are arranged, and
the corresponding inlet and outlet ports of any adjacent
spiral heat exchanger are connected with each other. For
convenient description, the four spiral heat exchangers in
FIG. 10 are hereby referred to as the first heat exchanger, the
second heat exchanger, the third heat exchanger and the
fourth heat exchanger. The second inlet/outlet liquid port 5
at the right end of the first heat exchanger is docked with the
second inlet/outlet liquid port 5 at the left end of the second
spiral heat exchanger. The first inlet/outlet liquid port 4 at the
right end of the second heat exchanger is docked with the
first inlet/outlet liquid port 4 at the left end of the third spiral
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heat exchanger. The second inlet/outlet liquid port 5 at the
right end of the third heat exchanger is docked with the
second inlet/outlet liquid port 5 at the left end of the fourth
spiral heat exchanger.

[0120] From the above analysis, if the cryogenic liquid
used for cooling flows from inside to outside in spiral heat
exchanger, then the liquid temperature of the outer end is
higher than that of the inner end. Obviously, if the cryogenic
liquid flows from the outside to inside in the spiral heat
exchanger, then the liquid temperature at the inner end is
higher than the outer end liquid temperature. In FIG. 10, the
liquid in the first heat exchanger flows from the inner end to
the outer end, the outer liquid temperature of the first heat
exchanger is higher than the inner liquid temperature, and
the central air in the first heat exchanger has heat release
intensity stronger than the peripheral air. The heat exchange
liquid in the second heat exchanger flows from peripheral
end to the central end, the outer liquid temperature of the
second heat exchanger is lower than the inner liquid tem-
perature, and the heat release intensity of the inner air in the
second heat exchanger is less than that of the peripheral air.
The third heat exchanger liquid in the heat exchanger flows
from the inside to outside, the third liquid temperature of the
outer heat exchanger is higher than the inside liquid tem-
perature, and the inside air in the third heat exchanger is
stronger than that of the peripheral air. The heat exchange
liquid in the fourth heat exchanger flows from the outside to
the inside, the outer liquid temperature of the fourth heat
exchanger is lower than the inner liquid temperature, and the
heat release intensity of the inner air in the fourth heat
exchanger is smaller than that of the peripheral air. There-
fore, when the air flows through the fourth, the third, the
second and the first heat exchanger in FIG. 10, the target air
with a relatively uniform temperature can be obtained,
which is very suitable for the air conditioning system.
[0121] It is not difficult to understand that if the size and
structure of the above four heat exchangers are completely
identical, the four can be very easily assembled together in
the way shown in FIGS. 9 and 10, and after the assembly,
each heat exchanger is just flat and neatly arranged.
[0122] Referring again to FIG. 10, in order to be more
convenient to connect the four heat exchangers tightly
together, the core shaft 1 of each heat exchanger in this
embodiment adopts a hollow tube structure with axial pass
hole 101, and wear the drawbar 13 with external threads at
both ends in the axial pass hole 101. The two ends of
drawbar 13 are connected with a lock nut 14, thereby
clamping each spiral heat exchanger with the help of draw-
bar 13 and two locking nut 14.

[0123] In FIGS. 9 and 10, each heat exchanger includes
tube shell 10 arranged coaxially at the periphery of spiral
coil 2. In order to minimize the axial gap between two
adjacent heat exchangers to reduce gas leakage, this embodi-
ment seals the tube shell 10 of any two adjacent heat
exchangers.

[0124] Referring to FIGS. 7 and 8, the first liquid-passing
coiled tape 2 in this embodiment includes two heat conduc-
tion thin tapes 202 arranged in parallel and a seal strip 203
sealed between the sides of the two heat conduction thin
tapes. The above spiral liquid flow channel 201 is formed
between the aforementioned seal strip and the two heat
conduction thin tape.

[0125] It is not difficult to understand that the above seal
strip 203 can not only seal the liquid channel to prevent
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liquid leakage, but also support the two heat conduction thin
tape 202 of the first liquid-passing coiled tape 2 to ensure
that the two heat conduction thin tape 202 are separated by
a certain distance to form a liquid circulation channel.
However, the support strength and support area of the seal
strip 203 for two heat conduction thin tape 202 are limited.
If axial width of first liquid-passing coiled tape 2 is large, the
problem of adjacent two heat conduction thin tapes 202
getting close to each other and the flow channel being
blocked is easily. Based on this, the present embodiment
provides on one heat conduction thin tape 202a stamping
hump 2024 located within the spiral liquid flow channel 201
and supported between the two heat conduction thin tapes
202. Using the dense stamping hump 202a to further support
the two heat conduction thin tape 202, it is able to ensure the
stability of the spiral liquid flow channel structure, not easy
to collapse and block.

[0126] To increase the fluid area of the first inlet/outlet
liquid port 4 and the second inlet/outlet liquid port 5, As
shown in FIG. 6, this embodiment bends one heat conduc-
tion thin tape 202 at first inlet/outlet liquid port 4 and second
inlet/outlet liquid port 5, so that it has an arc bending part
2025 protruding outward along the radial direction of the
core shaft 1.

[0127] Referring to FIG. 7, the above heat conduction thin
tape 202 uses an aluminum foil with a thickness less than
one mm. The thickness (or depth) of each spiral liquid flow
channel 201 in first liquid-passing coiled tape 2 and the
distance between the adjacent circle layers first liquid-
passing coiled tape 2 are only a few millimeters. The thin
heat conduction thin tape and the thin fluid channel improve
the heat transfer area and heat transfer efficiency between the
hot fluid and the cold fluid.

[0128] Referring to FIG. 8, this embodiment is provided
within the spiral liquid flow channel 201 with two diversion
strips 205 with roots extending linearly along the helical
direction of the first liquid-passing coiled tape 2. The two
root diversion strips 205 are parallel to each other, so that the
liquid entering spiral liquid flow channel 201 is divided into
three ways flowing in the same direction, thereby raising the
flow uniformity in the spiral liquid flow channel 201. In
addition, the diversion strip 205 can also support the two
heat conduction thin tape 202 of the first liquid-passing
coiled tape 2, so that the two heat conduction thin tape 202
are separated by a certain distance to form a structurally
stable liquid circulation channel.

[0129] Preferably, each of the diversion strip 205, the
liquid channel separating bar 204, and the seal strip 203 is
a glue stick.

[0130] It should be noted that the first liquid-passing
coiled tape 2 is not limited to the above monolayer structure,
but can also adopt a multi-layer structure with multilayer
spiral liquid flow channel as described in the following the
embodiment 7. For example, in another embodiment, the
first liquid-passing coiled tape includes multiple tape body
coiled around the periphery of the core shaft, with a spiral
liquid flow channel set within each tape body. Multiple tape
bodies are spaced parallel to each other in the radial direc-
tion of the core shaft, thus, the fourth airflow channel with
left and right penetration are formed between the adjacent
tape bodies.
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The Embodiment 2

[0131] As shown in FIGS. 11 and 12, a second embodi-
ment of the spiral heat exchanger is similar to the embodi-
ment 1, and the differences are as follows.

[0132] A liquid channel separating bar 204 extending
left-right (i. e. parallel to the core shaft axis) is provided in
the first liquid-passing coiled tape 2. This liquid channel
separating bar 204 separates the spiral liquid flow channel
201 into two sub-liquid flow channels 201q isolated from
each other, with one sub-liquid flow channel 201a located
lateral to the other sub-liquid flow channel 201a. The second
inlet/outlet liquid port 5 is no longer disposed at the outer
end of the entire first liquid-passing coiled tape 2 in the
length direction, but rather, disposed at the inner end of the
sub-liquid flow channel 201¢ in the length direction, i.e., the
first inlet/outlet liquid port 4 and the second inlet/outlet
liquid port 5 are disposed at both ends of the length of the
sub-liquid flow channel 201a, both are interconnected via
the sub-liquid flow channel 201a. The inner end of the lateral
sub-liquid flow channel is provided with third inlet/outlet
liquid port 6 extending to the left parallel to the core shaft
1. The inner end of the lateral sub-liquid flow channel is
provided with fourth inlet/outlet liquid port 7 extending to
the right parallel to the core shaft 1. The third inlet/outlet
liquid port 6 and fourth inlet/outlet liquid port 7 are inter-
connected via the lateral sub-liquid flow channel 201a.

[0133] Considering that in practical application, the axial
gas entering into the spiral heat exchanger through the first
spiral airflow channel 3 inlet position usually has a consis-
tent inflow temperature, the liquid sent into the two sub-
liquid flow channel 201a usually has a consistent inflow
temperature, and the outflow temperature of the two streams
mainly depends on the length of the liquid path. Therefore,
the length of the two sub-liquid flow channel 201a is set
equal, so that the outflow temperature of the two streams is
close, so that the outflow temperature of the “two” gas
undergoing heat exchange with the two streams is also close.

[0134] In practical application, the liquid fed into the first
inlet/outlet liquid ports 4 flows to the second inlet/outlet
liquid port 5 along the spiral direction (i. e., length direction)
of the medial sub-liquid flow channel 201a. The fluid fed
into the third inlet/outlet liquid port 6 flows to the fourth
inlet/outlet liquid port 7 along the helical direction (i. e.,
length direction) of the lateral sub-liquid flow channel 201a.
Therefore, the spiral heat exchanger can be integrated into
two heat exchange fluids, and then improves the liquid
transfer volume and heat transfer capacity of the spiral heat
exchanger, to overcome the defects of large flow resistance
and small flow rate of a single liquid heat exchanger.

[0135] Obviously, the heat exchanger of this embodiment
also has the problem of uneven air outlet temperature in a
single use. For this reason, we can still adopt the way shown
in the embodiment 1 FIGS. 9 and 10, combining multiple
spiral heat exchanger of such structures together using the
first inlet/outlet liquid port 4 or the second inlet/outlet liquid
port 5 of two spiral heat exchanger of adjacent to each other,
and the third inlet/outlet liquid port 6 or the fourth inlet/
outlet liquid port 7 of the two adjacent spiral heat exchanger
are also docked to each other.
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The Embodiment 3

[0136] As shown in FIGS. 13 and 14, in the spiral heat
exchanger according to the embodiment 3, the spiral heat
exchanger is similar to the embodiment 2, the differences are
as follows.

[0137] The first liquid-passing coiled tape 2 is provided
with more than one liquid channel separating bars 204, but
many roots. The length of each liquid channel separating bar
204 extends left and right, and these liquid channel sepa-
rating bars 204 are spaced along the helix of the first
liquid-passing coiled tape 2. The liquid channel separating
bars 204 separate the spiral liquid flow channel 201 into
multiple sub-liquid flow channels 201a sequentially
arranged along the helical direction of first liquid-passing
coiled tape 2. The first inlet/outlet liquid port 4 and second
inlet/outlet liquid port 5 are disposed at the two ends of the
innermost sub-liquid flow channel 201a, and the two are
interconnected through the innermost sub-liquid flow chan-
nel 201a. The inner end of the length of the remaining
sub-liquid flow channel is provided with a third inlet/outlet
liquid port 6 extending to the left from the axis parallel to the
core shaft 1, the outer end in the length is provided with a
fourth inlet/outlet liquid port 7 extending parallel to the axis
of core shaft 1. Each “remaining sub-liquid flow channel”
connects the third inlet/outlet liquid port 6 and the fourth
inlet/outlet liquid port 7 in its length to each other.

[0138] In practical application, the fluid sent into the first
inlet/outlet liquid port 4 will flow to the second inlet/outlet
liquid port 5 along the length of the innermost sub-liquid
flow channel 201a. The liquid fed into each third inlet/outlet
liquid port 6 flows along the length of the corresponding
sub-liquid flow channel 201a to the corresponding fourth
inlet/outlet liquid port 7. In this way, multiple heat exchange
liquid can be introduced to the spiral heat exchanger at the
same time, thus further improving the liquid transfer volume
and heat transfer capacity of the spiral heat exchanger.
[0139] The air in the air channel is more uniform by
separating spiral liquid flow channel into independent mul-
tiple sub-liquid flow channels, so that each sub-liquid flow
channel shortens the heat exchange time of each sub-liquid
flow channel by decreasing its length in the helical direction,
making the temperature difference of each sub-liquid flow
channel in the spiral smaller. Thus, the air temperature
distribution at the position of the airflow output end is more
uniform.

[0140] Obviously, the heat exchanger of this embodiment
also has the problem of uneven air outlet temperature during
a single use. For this reason, we can still adopt the manner
of the embodiment 1 shown in FIGS. 9 and 10, Combining
multiple spiral heat exchanger of such structures together
using the first inlet/outlet liquid port 4 or the second inlet/
outlet liquid port 5 of two spiral heat exchanger of adjacent
to each other, and the third inlet/outlet liquid port 6 or the
fourth inlet/outlet liquid port 7 corresponding to the two
adjacent spiral heat exchanger are also docked with each
other.

[0141] In this embodiment, there are a large number of
inlet and outlet liquid ports of the heat exchanger. If the
length of each sub-liquid flow channels 201a is set to be
equal in the idea of the embodiment 2, the inlet and outlet
liquid ports will be scattered in a large area on the roiled
tape, which not only increases the difficulty of making the
heat exchanger, but also increases the difficulty of connect-
ing multiple heat exchangers. Therefore, this embodiment
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does not mechanically adopt the equal-length flow channel
design of the embodiment 2, instead, distribute each root
liquid channel separating bar 204 along the radial direction
of core shaft 1, so that the ends of each sub-liquid flow
channels 2014 are in the same radial direction of core shaft
1. On this basis, in this embodiment, the first inlet/outlet
liquid port 4 and each the third inlet/outlet liquid port 6 are
directly distributed along the radial direction of core shaft 1,
and the second inlet/outlet liquid port 5 and each fourth
inlet/outlet liquid port 7 are also directly distributed along
the radial direction of core shaft 1, so as to reduce the
production of heat exchanger and string connection diffi-
culty.

[0142] Obviously, we can also set diversion strip 205
within each sub-liquid flow channel 201a to improve the
flow uniformity in each sub-liquid flow channel 201a.

The Embodiment 4

[0143] FIG. 15 shows a fourth specific embodiment of the
spiral heat exchanger in this embodiment, where the struc-
ture of the spiral heat exchanger is similar to that of the
embodiment 1, differences are as follows.

[0144] The air duct support in the first spiral airflow
channel 3 is no longer a plurality of regular arranged
ventiducts, but a corrugated tape 9 sandwiched between two
adjacent circles of the first liquid-passing coiled tape 2. The
wavy corrugated tape 9 includes multiple peaks and multiple
valleys distributed alternately along the spiral direction of
the first spiral airflow channel 3, and the length of each peak
is parallel to the axis of core shaft 1.

[0145] We know that corrugated tape 9 bends easily in the
arrangement direction of the peak and valley, while it has
strong bending resistance in the length extension direction of
the peak or valley. This embodiment cleverly uses the
aforementioned structural characteristics of corrugated tape
9 to arrange the peaks and valleys alternately along the spiral
direction of first spiral airflow channel 3, which not only
enables the corrugated tape 9 to bend along the spiral
direction, facilitates the processing of the spiral heat
exchanger, but also improves the bending strength of the
main part of the spiral heat exchanger.

[0146] The above corrugated tape 9 shall use materials
with excellent thermal conductivity, such as aluminum or
steel corrugated tape with a thickness of less than one
millimeter or only a few millimeters.

The Embodiment 5

[0147] FIG. 16 shows a fifth specific embodiment of the
spiral heat exchanger, where the structure of the spiral heat
exchanger is similar to the embodiment 1 and the embodi-
ment 4, differences are as follows.

[0148] In this embodiment, the air duct support in first
spiral airflow channel 3 is neither the regular arrangement of
many ventiduct, nor the corrugated tape 9 placed at a
specific angle, but the numerous stamping humps 202a are
directly formed on one of the heat conduction thin tape 202.
These stamping humps 2024 are separated from each other
within the first spiral airflow channel 3, and supported
between two adjacent players of the first liquid-passing
coiled tape 2, to ensure the first spiral airflow channel 3
smooth and stability.

[0149] In the above five embodiments, the first liquid-
passing coiled tape 2 is coiled around the periphery of the
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core shaft 1 in a circular spiral, namely, the first liquid-
passing coiled tape 2 is a circular helical shape, which is
easier to manufacture. In some other embodiments of the
present invention application, the first liquid-passing coiled
tape 2 has a non-circular helical shape, meaning that the first
liquid-passing coiled tape 2 may also be coiled around the
periphery of core shaft 1 in a non-circular helix. Generally
speaking, the aforementioned non-circular spiral is prefer-
ably an oval spiral. The heat exchanger of this shape is flat,
more beautiful, and can be arranged in a flat space to make
full use of the flat space to maximize the heat transfer
performance of the heat exchanger.

The Embodiment 6

[0150] FIGS. 17 and 18 illustrate a sixth embodiment of
the spiral heat exchanger, which is a further improvement of
the heat exchanger of the embodiment 1, whose structure
and effect are similar to that of the embodiment 2.

[0151] The spiral heat exchanger of the present embodi-
ment, in addition to the structure in the embodiment 1, has
a second liquid-passing coiled tape 11 coiled in the periph-
ery of the first liquid-passing coiled tape 2 about 4 turns—
with a total of two liquid-passing coiled tapes. Any two
adjacent circles of the second liquid-passing coiled tape 11
are separated by a certain distance, thus forming a spiral-
shaped second airflow channel 12 between the turns of the
second liquid-passing coiled tape 11. At both ends of the
second liquid-passing coiled tape 11 are the third inlet/outlet
liquid port 6 extending parallel to the axis of the core shaft
1 and the fourth inlet/outlet liquid port 7 extending to the
right of the axis parallel to the core shaft 1. The third
inlet/outlet liquid port 6 is disposed at the inner end of the
second liquid-passing coiled tape 11, and the fourth inlet/
outlet liquid port 7 is disposed at the outer end of the second
liquid-passing coiled tape 11.

[0152] In practical application, the liquid fed into the first
inlet/outlet liquid port 5 flows to the second inlet/outlet
liquid port 5 along the helical direction (i. e., length direc-
tion) of the first liquid-passing coiled tape 2. The liquid fed
into the third inlet/outlet liquid port 6 flows to the fourth
inlet/outlet liquid port 7 along the helical direction (i. e.,
length direction) of second liquid-passing coiled tape 11.
Thus, the spiral heat exchanger can be integrated into two
heat exchange liquids, and then improves the liquid transfer
volume and heat transfer capacity of the spiral heat
exchanger, to overcome the defects of large flow resistance
and small flow rate of a single liquid heat exchanger.
[0153] Obviously, the heat exchanger of this embodiment
also has the problem of uneven air outlet temperature in a
single use. For this reason, we can still adopt the manner in
the embodiment 1 shown in FIGS. 9 and 10, combining
multiple spiral heat exchangers of such structures together
using the first inlet/outlet liquid port 4 or the second inlet/
outlet liquid port 5 of two spiral heat exchanger of adjacent
to each other, and the third inlet/outlet liquid ports 6 or the
fourth inlet/outlet liquid ports 7 of the two adjacent spiral
heat exchangers are also docked to each other.

[0154] Considering that in practical application, the axial
gas leading into the first spiral airflow channel 3 of the spiral
heat exchanger and the second airflow channel 12 at the inlet
positions usually has a consistent inflow temperature, and
the liquid sent into the two liquid-passing coiled tapes
usually has a consistent inflow temperature. The outflow
temperature of the two streams mainly depends on the length
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of the liquid path. Therefore, the embodiment sets the
lengths of the first liquid-passing coiled tape 2 and the
second liquid-passing coiled tape 11 equal so that the
outflow temperature of the two streams is close, and thus the
outflow temperature of the “two” gases undergoing heat
exchange with the two streams is close.

[0155] Obviously, in the above embodiment 2 to the
embodiment 6, the first liquid-passing coiled tape and the
second liquid-passing coiled tape can also adopt a multi-
layer structure with multilayer spiral liquid flow channel as
described in the following the embodiment 7.

The Embodiment 7

[0156] FIGS. 19 to 23 illustrate another spiral heat
exchanger, the spiral heat exchanger of this embodiment 7
has basically the same structure as the spiral heat exchanger
in the embodiment 1, so their same and similar components
are given the same marks, which can be understood by
reference to the description of the embodiment 1. The
differences between the present embodiment and the
embodiment 1 are mainly described below.

[0157] In this embodiment, the first liquid-passing coiled
tape includes a plurality of (specifically two) tape bodies,
each tape body having internally spiral liquid flow channel,
and each tape body having a spiral around the periphery of
the core shaft. These two tape bodies are spaced in parallel
to each other in the radial direction of the core shaft, thus
forming the left and right through fourth airflow channel
between the adjacent tape bodies.

[0158] In addition to forming the above fourth airflow
channel between the multiple tape bodies constituting the
first liquid-passing coiled tape, and the same as the embodi-
ment 1, any two adjacent circle layers of the first spiral tape
is isolated by a certain distance, thus a spiral-shaped first
spiral airflow channel through left and right is formed
between of the adjacent circle layers of the spiral coil tape.
[0159] The first liquid-passing coiled tape coiled outside
the core shaft includes multiple parallel spaced spiral tape
bodies. In the practical application, each tape body can move
liquid independently, so that the spiral heat exchanger can be
integrated into multiple heat exchange liquid, thus improv-
ing the flow volume and heat transfer capacity of the spiral
heat exchanger, and overcoming the defects of large flow
resistance and small flow rate in the single-liquid heat
exchanger.

[0160] Further, each tape body has a first inlet/outlet liquid
ports extending to the left at the inner end of its helical
direction (i. e. length) parallel to the axis of core shaft, and
each tape body in the outer end has a second inlet/outlet
liquid ports extending to the right parallel to the axis of core
shaft. The first inlet/outlet liquid port and the second inlet/
outlet liquid port are connected via spiral liquid flow channel
within the coiled tape. In practical application, the liquid
(usually water or refrigerant) flows along the spiral direction
of first liquid-passing coiled tape (also the spiral direction of
the spiral liquid flow channel) to the other inlet and outlet
port. At the same time, the gas to heat up or cooled enters the
first spiral airflow channel and the fourth airflow channel
from left to right or right to left, and then from the axis of
the heat exchanger to the other side. Further, the gas flowing
in the two-way airflow channel and the liquid flowing in first
liquid-passing coiled tape undergo heat exchange due to the
temperature difference to obtain the gas or liquid at the
required temperature.
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[0161] In practical application, a plurality of spiral heat
exchanger may be combined in the manner shown in FIG. 23
to form a heat transfer device capable of equalizing the air
outlet. In FIG. 23, the core shafts of the above spiral heat
exchangers are arranged coaxial, and the corresponding inlet
and outlet ports of any adjacent spiral heat exchanger are
connected with each other.

[0162] Obviously, the smaller the radial thickness of tape
body in first liquid-passing coiled tape the flatter, the greater
the heat transfer area and efficiency of this spiral heat
exchanger. In this regard, this embodiment provides seals at
both ends of the length of the fourth airflow channel to block
the fourth airflow channel at the first inlet/outlet liquid ports
position of the two tape body and the fourth airflow channel
at the second inlet/outlet liquid ports position of the two tape
body. In practical application, the heat transfer fluid can be
connected to the two first inlet/outlet liquid ports (or two
second inlet/outlet liquid ports) positions. Because the
fourth airflow channel is sealed, there will be no problem of
the supplied heat transfer fluid into the fourth airflow
channel. This is equivalent to integrating first inlet/outlet
liquid ports of two tape bodies into the same master interface
and second inlet/outlet liquid ports of two tape bodies into
the same master interface. Further, this structural design also
facilitates gathering and outflowing of the heat exchange
fluid in each tape body.

The Embodiment 8

[0163] As described above, if the spiral heat exchanger in
the above embodiments is used individually, there is the
problem of the outlet temperature from the third airflow
channel is uneven. Although it is proposed above that
multiple such spiral heat exchanger can be linked together to
obtain a uniform air outlet temperature, this means costs
more manpower and material resources.

[0164] For this, FIGS. 24 to 35 illustrate another spiral
heat exchanger, which includes an internal supporting body
18, a third liquid-passing coiled tape 15 with an internal
liquid flow space of the third liquid-passing coiled tape is
coiled around the periphery of the internal supporting body
18, and the winding axis of the third liquid-passing coiled
tape 15 extends in the left and right direction. The internal
supporting body 18 is used to support the helical third
liquid-passing coiled tape 15 to prevent the innermost circle
of the third liquid-passing coiled tape 15 from collapsing
and deformation because there is no radial support. Adjacent
circle layers of the third liquid-passing coiled tape 15 are
isolated by a certain distance, thus forming the left and right
through the third airflow channel 16. In order to prevent the
third liquid-passing coiled tape 15 of the adjacent layers
from being blocked, an airflow channel support 17, or air
duct support, between the third liquid-passing coiled tape 15
of the two adjacent layers, is provided in the third airflow
channel 16.

[0165] When actually applied, a liquid (like water) is fed
into the liquid flow space of the third liquid-passing coiled
tape in third liquid-passing coiled tape 15, and the liquid
flows along the helix within the third liquid-passing coiled
tape 15. A gas (e.g. air) is lead into the third airflow channel
16, the gas flows from the right to left to the third airflow
channel 16. The gas flowing in third airflow channel 16
occurs in heat exchange with the liquid flowing in third
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liquid-passing coiled tape 15 due to the temperature differ-
ence, thus obtaining the gas or liquid at the desired tem-
perature.

[0166] In this embodiment, the liquid flow space of the
third liquid-passing coiled tape within third liquid-passing
coiled tape 15 includes 2N+2 spiral-extended sub-liquid
flow channels 1502, 2N+2 sub-liquid flow channels are
arranged in the left and right direction and are successively
connected, where N is a natural number. In this 2N+2
sub-liquid flow channels 1502, the leftmost sub-liquid flow
channel has a first liquid inlet/outlet 1503, and the rightmost
sub-liquid flow channel has a second liquid inlet/outlet
1504. An internal supporting body is provided with a third
liquid inlet/outlet 1801 connected to the first liquid inlet/
outlet and a fourth liquid inlet/outlet 1802 connected to the
second liquid inlet/outlet.

[0167] The above design increases the flow stroke and
heat transfer time of the liquid in the third liquid-passing
coiled tape 15, which in turn helps to improve the heat
transfer strength of the spiral heat exchanger. More impor-
tantly, the above design enables that the gas flowing from
each position on the left or right side of the spiral heat
exchanger has a relatively uniform air outlet temperature in
practical application.

[0168] Specifically, referring to FIGS. 30 and 31 and
combining FIGS. 24 to 25, the above-mentioned n=0, this
embodiment provides a separating bar 1501 within the third
liquid-passing coiled tape 15, This separating bar 1501
separates the liquid flow space of the third liquid-passing
coiled tape within third liquid-passing coiled tape 15 into
two spiral-extended sub-liquid flow channels 1502, The two
sub-liquid flow channels 1502 are arranged in the left and
right direction and are connected at the outer ends in the
helical direction. Further, in the two sub-liquid flow chan-
nels 1502, the sub-liquid flow channels 1502 on the left has
first liquid inlet/outlet 1503 and the sub-liquid flow channels
1502 on the right has second liquid inlet/outlet 1504. The left
side of internal supporting body 18 has a third liquid
inlet/outlet 1801 connected through the first liquid inlet/
outlet 1503 and connected with the first liquid inlet/outlet
1503. The right side of internal supporting body 18 has a
fourth liquid inlet/outlet 1802 connected through the second
liquid inlet/outlet 1504 and connected with the second liquid
inlet/outlet 1504. Moreover, the third liquid inlet/outlet 1801
is set opposite to the fourth liquid inlet/outlet 1802 in the
left-right direction.

[0169] In an application scenario, driven by the fan, the
hot air in the environment passes from the third airflow
channel 16 from the right to the left of the spiral heat
exchanger. The cryogenic fluid used for cooling flows into
the spiral heat exchanger from the third liquid inlet/outlet
1801 to the left of the internal supporting body 18 and into
the left sub-liquid flow channel 1502 via the first liquid
inlet/outlet 1503. The fluid in the left sub-liquid flow chan-
nel 1502 flows along the end of the sub-liquid flow channel
1502 to the end (helical end) into the right sub-liquid flow
channel 1502, then flow in the length direction of the right
sub-liquid flow channel 1502 (spiral direction) to the end,
Access from second liquid inlet/outlet 1504 into internal
supporting body 18, and then outflow from the fourth liquid
inlet/outlet 1802 on the right of the internal supporting body
18.

[0170] In the above application scenario, after the cryo-
genic liquid enters the spiral heat exchanger from third
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liquid inlet/outlet 1801, it first flows from inside to outside
along the spiral direction, then flows from outside to inside
along the spiral direction, and absorbs the heat from the air
in the third airflow channel 16, and then obtains the cold air
flowing from the right side of the heat exchanger. It can be
understand that the temperature of the liquid in this spiral
heat exchanger gradually increases along its flow path, and
the two liquids in the innermost circle have the largest
temperature difference, the two liquids in the outermost
circle have the smallest (essentially equal) temperature
difference. If the third liquid-passing coiled tape 15 is
virtually divided into multiple concentric ring regions, then
the liquid in each concentric ring region has a roughly equal
average temperature, thus the air from the right side of the
spiral heat exchanger has a relatively uniform air tempera-
ture, very suitable for air conditioning system.

[0171] The above design enables the inlet and outlet ports
of liquid flow space of the third liquid-passing coiled tape to
be symmetrically arranged on the left and right sides of the
heat exchanger, so that in practical application, the spiral
heat exchanger can be sequentially connected in a manner as
shown in FIG. 36 to form a heat exchanging system, thereby
increasing the heat transfer strength of the fluid. Specifically,
the heat exchange system shown in FIG. 36 includes a
plurality of spiral heat exchangers of the above structure, the
plurality of spiral heat exchangers are sequentially arranged
in the left-right direction, and the third liquid inlet/outlet
1801 and the fourth liquid inlet/outlet 1802 of adjacent spiral
heat exchangers are connected with each other.

[0172] In another application scenario, one may also con-
nect the spiral heat exchanger of the above structures in FI1G.
37, and heat exchange the air in different areas by using each
spiral heat exchanger to obtain cold or hot air in a plurality
of areas.

[0173] The so-called “inlet and outlet liquid port or inlet/
outlet liquid port” means that the port can be used as an inlet
or outlet port.

[0174] In this embodiment, both the first liquid inlet/outlet
103 and the second liquid inlet/outlet 104 are provided in the
innermost circle of the first liquid-passing coiled tape 1.
Therefore, on one respect, the first liquid inlet/outlet 103 and
the second liquid inlet/outlet 104 are closer to the third liquid
inlet/outlet 401 and the fourth liquid inlet/outlet 402 on
internal supporting body 4, so as to facilitate the continuous
connection between them; on the other respect, the flow
travel of the liquid within the first liquid-passing coiled tape
1 can be increased, increasing the heat transfer strength.
[0175] Referring again to FIG. 32 and together with FIGS.
24 to 26, in order to better support the third liquid-passing
coiled tape 15, so that the innermost circle of the third
liquid-passing coiled tape 15 can be gently wound outward
without obvious bending, the periphery of the internal
supporting body 18 includes a helical surface 1803 (i.e., at
least part of the periphery of the internal supporting body 18
is a helical surface 1803), the innermost circle of the third
liquid-passing coiled tape 15 fits to the helical surface 1803.
The helical surface 1803 is a spiral extending face, which in
FIG. 25 gradually increases the distance from the left-right
axis in the direction of clockwise around a left-right axis. In
this embodiment, the aforementioned left-right axis are the
central axis of closed ring 18a, also the winding axis of third
liquid-passing coiled tape 15, and a virtual line with the
left-right axis extending in-out perpendicular to the paper
surface in FIG. 25.
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[0176] The internal supporting body 18 is an overall
annular structure. To facilitate the fabrication of the internal
supporting body 18, this embodiment designs an internal
supporting body 18 as three removable assembling compo-
nents. Specifically, referring to FIG. 33, the internal sup-
porting body 18 includes a closed ring 18a, a split ring 185,
and a convert head 18¢. The peripheral surface of the closed
ring 18a is made with an inward-depressed assembly groove
18aa. The split ring 185 detachably fits the sleeve at the
periphery of the closed ring 18a, and the opening of the split
ring 18b corresponds to the assembly groove 18aa. The
convert head 18c¢ is detachably installed in assembly groove
18aa, the aforementioned third liquid inlet/outlet 1801 and
the fourth liquid inlet/outlet 1802 are set on the convert head
18c.

[0177] The helical surface 1803 of the internal supporting
body 18 can be divided into two parts, one is the outer
periphery of the split ring 185 and the other is formed on the
convert head 18¢. The convert head 18¢ contacts the opening
of'the split ring 185, so that the convert head 18¢ can be used
to fix the position of split ring 186 and prevent the split ring
186 from turning around closed ring 18a.

[0178] Referring to FIG. 32 and FIGS. 24 to 26, to better
protect the outer circle of the spiral heat exchanger, this
embodiment is also configured with an annular external
supporting body 19 set on the periphery of the spiral coil and
attached to the outer circle of the spiral coil.

[0179] Referring to FIGS. 32 to 35 and combine FIGS. 25
and 26, in this embodiment, the third liquid-passing coiled
tape 15 includes inner tape body 1505, an outer tape body
1506 extending helally and separated from parallel the inner
tape body 1505, and a seal strip 1507 sealed to connect the
side of the inner tape body 1505 and the side of the outer
tape body 1506. The liquid flow space within third liquid-
passing coiled tape 15 is formed between inner tape body
1505, outer tape body 1506 and seal strip 1507, separating
bar 1501 is fixed between the inner tape body 1505 and the
outer tape body 1506. The first liquid inlet/outlet 1503 and
the second liquid inlet/outlet 1504 are set on the inner tape
body 1505. The inner tape body 1505 and the outer tape
body 1506 are equivalent to the heat conduction thin tape in
the embodiment 1.

[0180] Further, both the seal strip 1507 and the separating
bar 1501 are fixed between the inner tape body 1505 and the
outer tape body 1506 in the form of welding, to facilitate the
implementation, the solder groove illustrated in FIG. 31 with
inward depression on both the seal strip 1507 and the
separating bar 1501, the seal strip 1507 and the separating
bar 1501 are fixed with inner tape body 1505 and outer tape
body 1506 by the solder fixed in the solder groove. In
implementation, brazing solders may be arranged in solder
grooves of the seal strip 1507 and the separating bar 1501,
and the seal strip 1507, the separating bar 1501, the inner
tape body 1505 and the outer tape body 1506 may be welded
by brazing furnace.

[0181] In this embodiment, the above airflow channel
support 17 is a helical corrugated coiled tape, or corrugated
tape. The corrugated coiled tape includes multiple wave
peak 1701 and multiple wave valley 1702 arranged alter-
nately along the helical direction. Both the wave peak 1701
and the wave valley 1702 are equipped with solder grooves,
at which they solder with the solder in the adjacent two
adjacent circles.
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[0182] It is known that corrugated parts are easily bent in
the arrangement direction of their wave peaks 1701 and
wave valleys 1702, with strong bending resistance in the
length extension direction of the wave peaks 1701 or the
wave valleys 1702. This embodiment cleverly uses the
aforementioned structural characteristics of the corrugated
parts to arrange the wave peak 1701 and the wave valley
1702 alternately along the spiral direction of the third
airflow channel 16, which not only bends the corrugated
parts along the spiral direction, facilitates the processing of
the spiral heat exchanger, but also improves the bending
strength of the main part of the spiral heat exchanger.
[0183] The internal supporting body 18 has a fan instal-
lation cavity 1804 and can be used to install fans to drive gas
flow in the third airflow channel 16. In practical application,
the coolant used to absorb gas heat into the internal sup-
porting body 18 can also cool the fan in the fan installation
cavity 1804 and prevent the fan from overheating.

The Embodiment 9

[0184] The spiral heat exchanger of this embodiment 9 has
basically the same structure as the spiral heat exchanger in
the embodiment 8, which can be understood by reference to
the description of the embodiment 8. The differences
between the present embodiment and the embodiment 8 are
mainly described below.

[0185] Referring to FIG. 38, in this embodiment, three
separating bars 1501 with a helical extension are provided
within the third liquid-passing coiled tape 15. The three
separating bars 1501 are sequentially arranged along the
left-right direction. The three separating bars 1501 separate
the liquid flow space within the third liquid-passing coiled
tape 15 into four spiral-extended sub-liquid flow channels
1502. The four sub-liquid flow channels 1502 are arranged
in the left-right direction and are connected with each other.
In these four sub-liquid flow channels 1502, the first liquid
inlet/outlet 1503 connected with the third liquid inlet/outlet
1801 is specifically disposed at the lefimost sub-liquid flow
channel 1502, the second liquid inlet/outlet 1504 connected
to the fourth liquid inlet/outlet 1802 is disposed at the
rightmost sub-liquid flow channel 1502.

[0186] In one application scenario, a liquid flows into the
spiral heat exchanger from the third liquid inlet/outlet 1801
of the internal supporting body 18 and into the sub-liquid
flow channel 1502 on the leftmost via first liquid inlet/outlet
1503. The liquid in the lefimost sub-liquid flow channel
1502 flows from inside to outside along the length direction
(in the spiral direction) of the sub-liquid flow channel 1502
to its end (outermost end) into the second sub-liquid flow
channel 1502, then it flows from the outside along the length
direction (in the helical direction) of the second sub-liquid
flow channel 1502 to the end (the innermost end) into the
third sub-liquid flow channel 1502, then it flows in the
length direction (in the helical direction) of the third sub-
liquid flow channel 1502 to the end (the innermost end) into
the fourth sub-liquid flow channel 1502 and the rightmost
sub-liquid flow channel 1502, then it flows along the length
of sub-liquid flow channel 1502 (in the helical direction) to
its end, then it enters internal supporting body 18 from the
second liquid inlet/outlet 1504 and flows out from the fourth
liquid inlet/outlet 1802 of the internal supporting body 18.
[0187] In another embodiment, the separating bars 1501
set within the third liquid-passing coiled tape 15 have a
quantity of five, the five separating bars 1501 separate the
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liquid flow space of the third liquid-passing coiled tape
within the third liquid-passing coiled tape 15 into six sub-
liquid flow channels 1502. A first liquid inlet/outlet 1503 is
set in the leftmost sub-liquid flow channel 1502, and a
second liquid inlet/outlet 1504 is set in the rightmost sub-
liquid flow channel 1502.

[0188] It can be understood that the number of separating
bars 1501 can be set more to get more sub-liquid flow
channels 1502, thus increasing the heat exchange stroke and
time of the heat exchange liquid in the third liquid-passing
coiled tape 15, and improving the heat exchange strength.
However, in order so that both the liquid inlet and the lead
outlet can be set on the inner internal supporting body 18, the
number of separating bar 1501 is preferably an odd number,
corresponding to an even number of sub-liquid flow chan-
nels 1502.

The Embodiment 10

[0189] FIGS. 39 to 41 illustrate another spiral heat
exchanger having substantially the same structure as the
spiral heat exchanger in the embodiment 8, which can be
understood with reference to the description of the embodi-
ment 7, following by focusing on the difference between the
present embodiment and the embodiment 8.
[0190] In the present embodiment, both the third liquid
inlet/outlet 1801 and the fourth liquid inlet/outlet 1802 are
set on the left side of the internal supporting body 18. The
advantage of this design is that the spiral heat exchanger can
be sequentially connected in the form of FIG. 41 by the flow
tubes, and all the flow tubes are “hidden” on the same side
of each spiral heat exchanger.
[0191] In another embodiment, both the third liquid inlet/
outlet 1801 and the fourth liquid inlet/outlet 1802 are
disposed on the right side of the internal supporting body 18.
[0192] In another embodiment, both the third liquid inlet/
outlet 1801 and the fourth liquid inlet/outlet 1802 are
disposed on the external supporting body 19. In this case, the
first liquid inlet/outlet 103 and the second liquid inlet/outlet
104 are preferably disposed on the outermost circle of the
first liquid-passing coiled tape 1. On the one hand, it is
convenient to connect the first liquid inlet/outlet 103 and the
second liquid inlet/outlet 104 with the third liquid inlet/
outlet 401 and the fourth liquid inlet/outlet 402. On the other
hand, it can increase the flow travel of the liquid within the
first liquid-passing coiled tape 1 to increase the heat transfer
strength.
[0193] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative to
the scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.
1. A spiral heat exchanger, characterized by comprising:
a core shaft with an axis extending in the left-right
direction; and
a first liquid-passing coiled tape with a spiral liquid
channel therein wound around the axis of the core shaft
at least two circles to form a spiral shape;
adjacent circles of the first liquid-passing coiled tape is
isolated by a certain distance, thereby forming a left-
right through spiral first air flow channel, the first
liquid-passing coiled tape is provided with a first liquid
inlet/outlet port and a second liquid inlet/outlet port
which are arranged at intervals along the length direc-
tion of the liquid-passing coiled tape and liquidly
connected with each other by means of the spiral liquid
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channel, the first liquid inlet/outlet port is disposed at
the inner side end of the first liquid-passing coiled tape
in the spiral direction and extends out of the left side in
a direction parallel to the axis of the core shaft, and the
second liquid inlet/outlet port extends out of the right
side in a direction parallel to the axis of the core shaft.

2. The spiral heat exchanger according to claim 1, char-
acterized in that, the second inlet/outlet liquid port is dis-
posed at the outer end of the first liquid-passing coiled tape
in the spiral direction.

3. The spiral heat exchanger according to claim 2, char-
acterized in that, the spiral heat exchanger also includes a
second liquid-passing coiled tape wound around the first
liquid-passing coiled tape at least two circles in a spiral
shape, the second liquid-passing coiled tape of adjacent
circles separated by a distance, thereby forming a second
airflow channel passing through from left to right with a
spiral shape, the second liquid-passing coiled tape provided
with a third inlet/outlet liquid port extending out of the left
side in a direction parallel to the axis of the core shaft and
a fourth inlet/outlet liquid port extending out of the right side
in a direction parallel to the axis of the core shaft respec-
tively at an end in the length direction of the second
liquid-passing coiled tape.

4. The spiral heat exchanger according to claim 1, char-
acterized in that, the first liquid-passing coiled tape is
provided with a liquid flow channel separating bar therein
left-right extending, the liquid flow channel separating bar
divides the spiral liquid flow channel into two sub-liquid
flow channels isolated from each other, the first inlet/outlet
liquid port and the second inlet/outlet liquid port are respec-
tively provided on two ends of the length of the inner side
sub-liquid flow channel, and a third inlet/outlet liquid port
extending out of the left side in a direction parallel to the axis
of the core shaft and a fourth inlet/outlet liquid port extend-
ing out of the right side in a direction parallel to the axis of
the core shaft are respectively provided on two ends of the
length of the outer side sub-liquid flow channel; or

the first liquid-passing coiled tape is provided with at least

two liquid flow channel separating bars therein left-
right extending and separately arranged in the spiral
direction, the liquid flow channel separating bars divide
the spiral liquid flow channel into at least three sub-
liquid flow channels sequentially arranged along the
spiral direction of the first liquid-passing coiled tape
and isolated from each other, the first inlet/outlet liquid
port and the second inlet/outlet liquid port are respec-
tively disposed on the two ends of the length of the
innermost sub-liquid flow channel, and a third inlet/
outlet liquid port extending out of the left side in a
direction parallel to the axis of the core shaft and a
fourth inlet/outlet liquid port extending out of the right
side in a direction parallel to the axis of the core shaft
are respectively provided on two ends of the length of
the other sub-liquid flow channel.

5. The spiral heat exchanger according to claim 3 or 4,
characterized in that, the third inlet/outlet liquid port is
disposed in the spiral direction on the inner end of the
sub-liquid flow channel and extending out of the left side in
a direction parallel to the axis of the core shaft, the fourth
inlet/outlet liquid port is disposed in the spiral direction on
the outer end of the sub-liquid flow channel and extending
out of the right side in a direction parallel to the axis of the
core shatt;
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the first inlet/outlet liquid port and each third inlet/outlet
liquid port are straight distributed along the radial
direction of the core shaft, and the second inlet/outlet
liquid port and each fourth inlet/outlet liquid port are
straight distributed along the radial direction of the core
shaft.

6. A spiral heat exchanger, characterized by comprising:
a core shaft with an axis left-right extending, and

a first liquid-passing coiled tape wound around the core
shaft for at least two circles in a spiral shape and having
a spiral liquid flow channel therein;

adjacent circles of the first liquid-passing coiled tape are
separated by a certain distance, thereby forming a first
airflow channel through left and right in a spiral shape,
the first liquid-passing coiled tape is provided liquid
flow channel separating bars therein and left-right
extending, the liquid flow channel separating bars
divide the spiral liquid flow channel into a plurality
sub-liquid flow channels sequentially arranged along
the spiral direction and isolated from each other, each
of the sub-liquid flow channels is respectively provided
with a first inlet/outlet liquid port and a second inlet/
outlet liquid port on the inner side end and the outer
side end in the spiral direction connecting through by
the sub-liquid flow channel.

7. A spiral heat exchanger, characterized by comprising:

a core shaft with an axis left-right extending, and

a first liquid-passing coiled tape having a spiral shape,
wound around the periphery of the core shaft for at least
two circles, and having a first spiral liquid flow channel
therein;

a second liquid-passing coiled tape having a spiral shape,
wound around the periphery of the core shaft for at least
two circles, and having a second spiral liquid flow
channel therein;

adjacent circles of the first liquid-passing coiled tape is
isolated by a certain distance, thereby forming a first
airflow channel through left and right with a spiral
shape; adjacent circles of the second liquid-passing
coiled tape isolated a certain distance, thereby forming
a second airflow channel through left and right; the first
liquid-passing coiled tape is respectively provided with
a first inlet/outlet liquid port and a second inlet/outlet
liquid port connecting with each other by means of the
first spiral liquid flow channel on the inner side end and
the outer side end in its spiral direction, the second
liquid-passing coiled tape is respectively provided with
a third inlet/outlet liquid port and a fourth inlet/outlet
liquid port connecting with each other by means of the
second spiral liquid flow channel on the inner side end
and the outer side end in its spiral direction.

8. A heat exchange device, characterized by comprising at
least two spiral heat exchangers according to any of claims
1 to 7, the core shafts of the at least two spiral heat
exchangers are provided coaxially, and the first inlet/outlet
liquid port or the second inlet/outlet liquid port of adjacent
spiral heat exchangers are connected with each other.

9. A spiral heat exchanger, characterized by comprising:

a core shaft with an axis left-right extending, and

a first liquid-passing coiled tape having a spiral shape,
wound around the periphery of the core shaft for at least
two circle;



US 2024/0093944 Al

adjacent circles of the coiled tape are isolated by a certain
distance, thereby a spiral first airflow channel through
left and right between the adjacent circles of the coiled
tape;

the first liquid-passing coiled tape includes a plurality of
tape bodies having a spiral shape wound around the
core shaft and having spiral liquid flow channel therein,
the plurality of tape bodies are separately arranged
parallel to each other in the radial direction of the core
shaft, thereby forming a fourth airflow channel through
left and right between the adjacent tape body.

10. A spiral heat exchanger, comprising:

an internal supporting body, and

a third liquid-passing coiled tape having a spiral shape
wound around the periphery of the internal supporting
body and having a liquid flow space of the third
liquid-passing coiled tape therein;

the axis for winding the third liquid-passing coiled tape
extends in left-right direction, adjacent circle of the
third liquid-passing coiled tape are isolated by a certain
distance, thereby forming a third airflow channel
through left and right;

characterized in that,

the liquid flow space of the third liquid-passing coiled
tape includes 2N+2 sub-liquid flow channels spirally
extending, the 2N+2 sub-liquid flow channels are
arranged along left-right direction and sequentially
connected with each other, where N is a natural num-
ber;

in the 2N+2 sub-liquid flow channels, the sub-liquid flow
channel on leftmost side has a first liquid inlet/outlet,
and the sub-liquid flow channel on rightmost side has
a second liquid inlet/outlet;

the internal supporting body is provided with a third
liquid inlet/outlet liquidly connected with the first liq-
uid inlet/outlet and a fourth liquid inlet/outlet liquidly
connected with the second liquid inlet/outlet.

11. The spiral heat exchanger according to claim 10,

characterized in that,

when N=0, the third liquid-passing coiled tape is provided
with a separating bar therein extending in a spiral
shape, the separating bar divides the liquid flow space
of the third liquid-passing coiled tape into two sub-
liquid flow channels, outer ends of the two sub-liquid
flow channels liquidly connected; or,

when Nz1, the third liquid-passing coiled tape is provided
with 2N+1 separating bars therein extending in a spiral
shape and separately arranged along left-right direc-
tion, the 2N+1 separating bars divide the liquid flow
space of the third liquid-passing coiled tape into 2N+2
sub-liquid flow channels arranged along left-right
direction and sequentially connected with head to tail.

12. The spiral heat exchanger according to claim 10 or 11,

characterized in that, both the first liquid inlet/outlet and the
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second liquid inlet/outlet are disposed on the innermost
circle of the third liquid-passing coiled tape.
13. A spiral heat exchanger, comprising:
a third liquid-passing coiled tape having a spiral shape
wound around an axis left-right extending and having
a liquid flow space therein; and
an external supporting body provided around the third
liquid-passing coiled tape;
adjacent circle layers of the third liquid-passing coiled
tape are isolated by a certain distance, thereby forming
a third airflow channel through from left to right;
characterized in that,
the liquid flow space of the third liquid-passing coiled
tape includes 2N+2 sub-liquid flow channels spirally
extending, the 2N+2 sub-liquid flow channels are
arranged along left-right direction and sequentially
connected with each other, where N is a natural num-
ber;
in the 2N+2 sub-liquid flow channels, the sub-liquid flow
channel on leftmost side has a first liquid inlet/outlet,
the sub-liquid flow channel on rightmost side has a
second liquid inlet/outlet;
the external supporting body is provided with a third
liquid inlet/outlet liquidly connected with the first liq-
uid inlet/outlet and a fourth liquid inlet/outlet liquidly
connected with the second liquid inlet/outlet.
14. The spiral heat exchanger according to claim 13,
characterized in that,
when N=0, the third liquid-passing coiled tape is provided
with a separating bar therein extending in a spiral
shape, the separating bar divides the liquid flow space
of the third liquid-passing coiled tape into two sub-
liquid flow channels, outer ends of the two sub-liquid
flow channels liquidly connected; or,
when Nz1, the third liquid-passing coiled tape is provided
with 2N+1 separating bars therein extending in a spiral
shape and separately arranged along left-right direc-
tion, the 2N+1 separating bars divide the liquid flow
space of the third liquid-passing coiled tape into 2N+2
sub-liquid flow channels arranged along left-right
direction and sequentially connected with head to tail.
15. The spiral heat exchanger according to claim 13 or 14,
characterized in that, both the first liquid inlet/outlet and the
second liquid inlet/outlet are disposed on the outmost circle
of the third liquid-passing coiled tape.
16. A heat exchange device, characterized by comprising
a plurality of the spiral heat exchangers according to any of
claims 10 to 15, wherein the plurality of the spiral heat
exchangers are sequentially arranged, and the third liquid
inlet/outlet and the fourth liquid inlet/outlet of the adjacent
spiral heat exchangers are connected with each other.
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