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Description

FIELD

[0001] The present application relates to the technical field of electromagnetic devices, in particular to a wind turbine,
an electromagnetic device and a heat exchange or drying device for an iron core.

BACKGROUND

[0002] An iron core is an important component of a magnetic circuit, and is used in electrical components such as
electric machines and transformers. Taking an electric machine as an example, a stator core, a rotor core, and an air
gap between a stator and a rotor constitute the magnetic circuit of the electric machine. In an induction machine, magnetic
flux in the stator core is alternating magnetic flux, and thus causing iron core loss, which is called iron loss. The iron loss
includes two parts: hysteresis loss and eddy current loss. The hysteresis loss is energy loss caused by a continuous
change of orientation of magnetic molecules during alternating magnetization of the iron core. The eddy current loss is
resistance loss caused by the eddy current generated during the alternating magnetization of the iron core.
[0003] Both the hysteresis loss and eddy current loss are a part of the heat source of the electric machine, and another
part of the heat source is generated when current flows through windings of the electric machine. From the perspective
of thermodynamics and heat transfer theory, the above heat source forms the main heat source during operation of the
electric machine. In addition, there is mechanical loss, including bearing friction loss, ventilation loss or dynamo brush
friction loss.
[0004] Referring to Figures 1 and 2, Figure 1 is a schematic view showing an overall layout of a whole generator in
which an inside of the generator is cooled by a surface type heat exchanger using air as a cooling medium; Figure 2 is
an exploded schematic view showing the structure of the surface type heat exchanger in Figure 1.
[0005] As shown in Figure 1, a right side of a generator 500’ is connected to a rotor 600’, a left side of the generator
500’ is provided with a nacelle 100’, and a surface type heat exchanger 300’ is arranged in the nacelle 100’, specifically
at a tail portion of the nacelle 100’. A left side of the surface type heat exchanger 300’ is provided with an internal
circulation induced draft fan 202’, and the internal circulation induced draft fan 202’ is driven by an internal circulation
driving motor 201’. An internal circulation airflow drawing and conveying pipe 400’ is further provided in the nacelle 100’.
The hot airflow which is heated when cooling the heat generated by the generator 500’ enters, under the action of the
internal circulation induced draft fan 202’, into a flow passage of the heat exchanger core of the surface type heat
exchanger 300’ through the internal circulation airflow drawing and conveying pipe 400’, to perform convective heat
dissipation to transfer heat to external airflow, so as to reduce its’ own temperature for recycle.
[0006] An external circulation induced draft fan 102’ is further provided at an external circulation airflow outlet side of
the surface type heat exchanger 300’, and the external circulation induced draft fan 102’ is driven by an external circulation
drive motor 101’. The external circulation induced draft fan 102’ introduces the airflow of the natural environment into
the heat exchange core of the surface type heat exchanger 300’, surfaces of two sides of a core sheet of the heat
exchange core are in contact with the flowing internal circulation airflow and the flowing external circulation airflow
respectively, the external circulation airflow after heat absorption is discharged out of the nacelle 100’ by the external
circulation induced draft fan 102’, and an external circulation airflow discharge port 103’ connected to the outside is
shown in Figure 1. After being cooled, the internal circulation airflow is led out of the surface type heat exchanger 300’,
and is pressurized by the work of the rotor of the induced draft fan 102’ and then diffused inside the tail portion of the
nacelle 100’ at 360 degrees in a direction perpendicular to the shafting.
[0007] In Figure 2, in a case that the internal circulation airflow is introduced into the surface type heat exchanger
300’, an internal circulation confluence chamber 203’ is provided between the surface type heat exchanger 300’ and the
internal circulation airflow drawing and conveying pipe 400’, and each of upper and lower end faces of the confluence
chamber 203’, or the side wall of the confluence chamber 203’ is provided with an internal circulation airflow confluence
inlet 203a’. An inlet connecting section 104’ of the external circulation induced draft fan is arranged between the external
circulation induced draft fan 102’ and the surface type heat exchanger 300’, and another inlet connecting section 204’
of the internal circulation induced draft fan is provided between the internal circulation induced draft fan 202’ and the
surface type heat exchanger 300’.
[0008] In Figure 1, a port is provided between an internal chamber of a housing of the generator 500’ and the external
cooling medium, and a cooling airflow inlet orifice plate 500a’ is arranged at the port, which can be understood with
reference to Figure 3, and Figure 3 is a schematic view showing the cooling airflow inlet orifice plate 500a’ in Figure 1.
[0009] By virtue of the internal space of the nacelle 100’, the internal circulation airflow diffused in the nacelle 100’ is
throttled by an inlet orifice 500b’ of the cooling airflow inlet orifice plate 500a’ and then enters an interior of the generator
500’, to be reused as cooling airflow. The cooling airflow inlet orifice plate 500a’ is a throttling member, and a local flow
resistance is greater by employing a non-circular orifice plate or an orifice plate having a sharp boundary as the throttling
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member.
[0010] With continued reference to Figures 4 to 7, Figure 4 is a schematic view showing a state that windings and a
ferromagnetic component of the generator are assembled; Figure 5 is a partial schematic view showing that windings
020 in Figure 3 are placed in open slots 010b; Figure 6 is a schematic view showing that cooling ventilation ducts 040
radially running through the iron core of the generator are formed on the iron core of the generator; and Figure 7 is a
schematic view showing a cooling airflow flowing path in a case that the radial cooling ventilation ducts 040 between
lamination plates in the stator core of the generator cooperates with the above surface type heat exchanger 300’.
[0011] The iron core of the generator includes multiple stacking sheets 010 made of a ferromagnetic material, and the
stacking sheets 010 are superposed in an axial direction to finally form the iron core, and the iron core serves as a
magnetically conductive component of the generator and is fastened with an iron core bracket 030. Each of the stacking
sheets 010 is provided with multiple radially extending tooth portions 010a along its circumferential direction, and the
open slot 010b is formed between each two of the tooth portions 010a. After the stacking sheets 010 are superposed
in a certain direction, for example, in the axial direction, multiple open slots 010b are superposed in the axial direction
to form a winding slot 010b’ extending axially, and the winding 020 can be accommodated in the winding slot 010b’.
[0012] Large-sized and medium-sized generators mostly employ radial ventilation systems to perform heat dissipation
and cooling. Specifically, a certain number of cooling ventilation ducts 040 are arranged in the stator core section. A
ventilation slot sheet which forms the cooling ventilation duct 040 is formed by a fan-shaped stamping sheet, a ventilation
channel steel (not shown in the figures), and a lining ring (not shown in the figures). Multiple fan-shaped stamping sheets
are connected in an enclosing manner to form the annular stacking sheet 010.
[0013] Generally, the fan-shaped stamping sheet is made of a pickled steel plate having a thickness of 0.35 to 0.5
mm. A surface of the pickled steel plate is required to be flat, smooth, and without oxide skin or other stains. The fan-
shaped stamping sheet is required to be spot-welded to the ventilation channel steel. An inner end in a radial direction
of the fan-shaped stamping sheet is provided with a dovetail groove, and the lining ring is located at the dovetail groove
of the fan-shaped stamping sheet.
[0014] As shown in Figure 6, after the stacking sheets 010 are superposed, since the ventilation duct steel props
between the stacking sheets 010, there will be a through groove extending in the radial direction of the stator core at
the position where the ventilation channel steel is welded, that is, the radial cooling ventilation duct 040 configured for
cooling is provided at the position of the ventilation channel steel.
[0015] The above cooled airflow diffused at the tail portion of the nacelle 100’ enters the interior of the generator 500’
through the cooling airflow inlet orifice plate 500a’. As shown in Figure 7, the cooling airflow entering the interior of the
generator 500’ may enter an interior of the iron core through the radially through cooling ventilation duct 040, to take
away the generated heat, and flows to a confluence passage 070, and then enter a hot air drawing and confluence
device 050. Under the action of the internal circulation induced draft fan 202’, the airflow flows through the internal
circulation airflow drawing and conveying pipe 400’ to enter gaps formed between fins of the heat exchanger core of the
surface type heat exchanger 300’ and flows along the gaps, the airflow is re-cooled by the external circulation cooling
airflow at the other side of the heat exchange fin in the heat exchanger core. The airflow passes through a confluence
device 060, is sucked into a rotor of the induced draft fan 202’ by the induced draft fan 202’, receives the work applied
by the rotor and is pressurized, and is discharged in the radial direction of the rotor into the tail portion of the nacelle
100’, and then is diffused.
[0016] Due to the action of the internal circulation induced draft fan 202’, a negative pressure is created at a side,
close to the nacelle 100’, of the cooling airflow inlet orifice plate 500a’ of the generator which is in communication to the
nacelle 100’, and a positive pressure is provided at an outlet of the internal circulation induced draft fan 202’. Driven by
a pressure difference between the positive pressure and the negative pressure, heat exchange is performed between
the airflow in a large space in the nacelle 100’ and an inner wall of the nacelle 100’, different situations that heat is
released from the airflow to the inner wall of the nacelle 100’ or the airflow is heated by the inner wall of the nacelle 100’
may occur depending on different seasons. Heat exchange is also performed between the airflow and machinery equip-
ment in the nacelle 100’, and between the airflow and electrical equipment in the nacelle 100’, and finally the airflow is
reintroduced into the generator 500’ through the cooling airflow inlet orifice plate 500a’, and the above process is repeated.
That is, a closed air supply passage of the internal circulation airflow is formed inside the nacelle 100’, as shown by
peripheral arrows in Figure 7, the annular closed air supply passage is formed.
[0017] For the permanent magnet direct drive wind turbine, in a case that airflow in the external natural environment
is used to cool magnetic poles at two sides of the air gap of the generator and surfaces of the stator core, the cooling
effect is good. However, the airflow in the external natural environment generally carries various forms of substances
to flow through the gaps inside the generator, and the various forms of substances may be gas-steam-liquid-solid
multiphase flow, including air, water vapor, rain, snow, salt spray, sand, floc, etc., which may cause deterioration of
insulation performance of insulation materials inside the generator, resulting in deterioration of the electrical insulation
performance and the mechanical properties of the insulation of the generator, reduction in the residual withstand voltage
level and the service life of the insulation materials, and ultimately damaging the insulation. In addition, a protective
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coating on surfaces of the permanent magnetic poles may also be affected by moisture and heat, and the protective
coating may be peeled off from the surfaces of the permanent magnetic poles caused by expansion due to moisture
and heat, which may even lead to a hidden danger of rusting of the magnetic poles.
[0018] When the closed cycle cooling generator (which uses the internal circulation airflow) is employed, the risk of
erosion of internal components of the generator due to rain can be avoided, and the reliability of electrical insulation and
magnetic pole protection is improved. However, energy loss of on-way resistance and local resistance during the con-
veying process of the internal circulation airflow is great, which restricts improvement of a heat exchange rate of a heat
generation link inside the generator, resulting in a large temperature rise of the key components inside the generator,
for example, the conductor insulation structure of the generator, and the stability of performance of the permanent
magnetic poles is threatened.
EP 3252930 A1 discloses a stator structure of a permanent magnet direct-drive wind power generator, including a stator
support, a stator iron core arranged around an outer peripheral wall of the stator support, and a blade side tooth pressing
plate provided on an axial end face at the blade side, of the stator iron core. At least one first air hole is provided in the
outer peripheral wall of the stator support, and at least one second air hole is provided in the blade side tooth pressing
plate. The stator includes at least one air flow passage via which the first air hole and the second air hole are in
communication with each other. The air flow passage includes a radial air flow passage and an axial flow passage. The
air flow passes through the stamped sheet fixing key from the first air hole to enter the radial air flow passage, be shifted
into the axial air flow passage along the radial air flow passage, and then passes through the blade side tooth pressing
plate and the tower side tooth pressing plate from the axial air flow passage, to enter the convergent nozzles at the two
sides, and is sprayed out from the outlets of the convergent nozzles, to be blown towards the annular gap between the
blade side shroud and the rotor sealing ring and the annular gap between the tower side shroud plate and the end cover
sealing ring.
US 2005/134125 A1 discloses a cooling device for cooling a built-in-spindle type spindle motor of a machine tool, in
which the spindle motor includes a motor housing, a rotor, and a stator secured to the inner circumferential surface of
the motor housing to surround the rotor with a clearance being formed between the rotor and the stator. The cooling
device includes a cooling gas supply source for supplying cooling gas; a motor housing with a cooling gas introduction
passage for introducing and guiding the cooling gas supplied from the cooling gas supply source to one side of the rotor
and the stator; and a cooling gas injection nozzle having one or more nozzle openings oriented to inject the cooling gas
to the clearance between the rotor and the stator.

SUMMARY

[0019] A heat exchange or drying device for a heat source of an iron core is provided according to the present invention,
as defined in the independent claim 1, including a sprayer configured to introduce airflow, wherein the sprayer is provided
with a plurality of spray holes, the sprayer includes an annular spray pipe matching with an annular shape of the iron
core, the annular spray pipe is provided at an axial end of the iron core, and the plurality of spray holes are provided in
a circumferential direction of the annular spray pipe; windings are accommodated in slots of the iron core, the windings
are wound at the axial end of the iron core to form winding end portions, and the annular spray pipe is inserted into a
through hole formed by all the winding end portions at the axial end of the iron core.
[0020] The sprayer sprays cold or hot airflow at the end portion of the iron core, so as to create a cooled and/or drying
environment at the end portion of the iron core and windings thereof, which is conducive to the heat dissipation of the
iron core and the windings thereof, and the maintenance and preservation of the insulation performance of end portions
of the windings, including the insulation of the windings and the insulation between the windings and the iron core, and
is also conducive to the protection of magnetic poles and protective coatings thereof.
[0021] An electromagnetic device is further provided according to the present application, which includes an iron core
and further includes a heat exchange or drying device for the iron core, and the heat exchange or drying device the heat
exchange or drying device for the iron core according to any one of above solutions.
[0022] A wind turbine is further provided according to the present application, including a generator, wherein the
generator includes an iron core, and the wind turbine further includes the heat exchange or drying device for the iron
core according to any one of above solutions.
[0023] The electromagnetic device and the wind turbine include the heat exchange or drying device for the iron core,
and they both have the same technical effects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Figure 1 is a schematic view showing an overall layout of a whole machine in which an interior of a generator is
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cooled by a surface type heat exchanger with air as a cooling medium;
Figure 2 is an exploded schematic view showing the structure of the surface type heat exchanger in Figure 1;
Figure 3 is a schematic view of a cooling airflow inlet orifice plate in Figure 1;
Figure 4 is a schematic view showing a state that windings and a ferromagnetic component the generator are
assembled;
Figure 5 is a partial schematic view showing that the windings in Figure 4 are placed in open slots;
Figure 6 is a schematic view showing that cooling ventilation ducts radially running through an iron core of the
generator is formed on the iron core of the generator;
Figure 7 is a schematic view showing a cooling airflow flow path in a case that the radial cooling ventilation ducts
of the generator cooperates with the surface type heat exchanger;
Figure 8 is a schematic view showing a specific embodiment of the iron core of the generator that an inner stator
cooperates with an outer rotor;
Figure 9 is a partial view showing a magnetic pole of the rotor in Figure 8 and fixation thereof;
Figure 10 is a schematic view showing a heat exchange or drying device for an iron core according to a first
comparative embodiment not belonging to the invention;
Figure 11 is a schematic view showing that an annular spray pipe is arranged at an end face of the iron core;
Figure 12 is a schematic view showing the basic structure of a vortex flow separator and a working principle of total
temperature separation of airflow;
Figure 13 is a schematic view showing a flow section of a flow passage of a jet pipe in Figure 12;
Figure 14 a schematic view showing an internal flow field and heat energy transfer in the vortex flow separator of
the iron core in Figure 12;
Figure 15 is a schematic view showing the comparison between a free vortex flow and a forced vortex flow;
Figure 16 is a schematic view showing a working process of the total temperature separation in the vortex flow
separator in Figure 12 based on a thermodynamic temperature-entropy (T-S) diagram;
Figure 17 is a schematic view showing a heat exchange or drying device for an iron core according to a second
embodiment which is according to the invention, in which an annular spray pipe runs through a through hole at
winding end portions;
Figure 18 is a schematic view showing the annular spray pipe in Figure 17;
Figure 19 is a schematic view showing that the annular spray pipe in Figure 18 runs through a part of the winding
end portions;
Figure 20 is a schematic view showing an airflow supply device in Figure 17;
Figure 21 is a schematic view showing a heat exchange or drying device for an iron core according to a third
comparative embodiment not belonging to the invention;
Figure 22 is a view taken along line A-A in Figure 21;
Figure 23 is a sectional view showing a first iron core fastener in Figure 21;
Figure 24 is a schematic view showing a principle of airflow spray formed by multiple first iron core fasteners;
Figure 25 is a schematic view showing a heat exchange or drying device for an iron core according to a fourth
comparative embodiment not belonging to the invention;
Figure 26 is a view taken along line B-B in Figure 25;
Figure 27 is a sectional view showing the first iron core fastener in Figure 24; and
Figure 28 is a schematic view showing a principle of airflow spray formed by multiple first iron core fasteners.

[0025] Reference Numerals in Figures 1 to 7:

100’ nacelle, 101’ external circulation drive motor,
102’ external circulation induced draft fan,
103’ external circulation airflow discharge port,
104’ inlet connecting section of external circulation induced draft fan;
201’ internal circulation driving motor, 202’ internal circulation induced draft 

fan,
203’ internal circulation confluence chamber,
204’ inlet connecting section of external circulation induced draft fan;
300’ surface type heat exchanger;
400’ internal circulation airflow drawing and conveying pipe,
500’ generator, 500a’ cooling airflow inlet orifice plate,
500b’ inlet orifice;
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[0026] Reference Numerals in Figures 8 to 28:

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] For making those skilled in the art better understand the technical solution of the present application, the present
application will be described further in detail hereinafter in conjunction with the drawings and embodiments.
[0028] A heat exchange or drying device for an iron core according to the present embodiment includes a sprayer
capable of introducing airflow. The airflow may be cold airflow or hot airflow, which is not limited to introduction of only
the cold airflow or only the hot airflow, and the introduction of the cold airflow and the hot airflow can be switched in
different periods according to actual needs. Introduction of the cold airflow can perform cooling and drying functions at
the same time, and introduction of the hot airflow can better perform the drying function. The sprayer is provided with
spray holes, and the airflow introduced into the sprayer can be sprayed to an end portion of the iron core through the
spray holes, to cool and dry the end portion of the iron core.

FIRST comparative EMBODIMENT

[0029] Referring to Figures 8 to 10, Figure 8 is a schematic view showing a specific embodiment of an iron core 204
of a generator that an inner stator cooperates with an outer rotor; Figure 9 is a partial view showing a magnetic pole of
the rotor in Figure 8 and fixation thereof; Figure 9 shows a pressing bar and the specific structure of the pressing bar,
which is only an example. It can be understood that, the magnetic pole is not necessarily fixed by the pressing bar, for
example, when the magnetic pole is a magnetic pole module, the pressing bar may not be required. Figure 10 is a

(continued)

600’ rotor;
010 stacking sheet, 010a tooth portion,
010b open slot, 010b’ winding slot;
030 structural support, 040 cooling ventilation duct,
050 hot air drawing and confluence device,
060 confluence device, 070 confluence passage;

200 generator, 201 magnetic yoke,
202 magnetic pole, 202a pressing bar,
203 winding, 203a winding end portion;
204 iron core, 204a tooth portion,
204b slot;
205 radial cooling passage, 206 slot wedge,
207 second iron core fastener, 208 iron core support,
209 tooth pressing plate, 210 first iron core fastener,
210t airflow passage, 210a first passage,
210b second passage, 210h recovery passage,
211 side wall passage, 212 busbar,
213 enclosing plate, 214 end cover sealing ring,
215 rotor end cover;
10 vortex flow separator, 101 vortex flow separation pipe,
101a vortex flow chamber, 101a1 end plate,
101b hot end pipe section, 101c cold end pipe section,
101d cold end, 101e hot end,
102 jet pipe, 103 throttling member,
20 annular spray pipe, 20a airflow dividing pipe,
20b connecting pipe, 40 cold airflow main pipe,
401 branch pipe, 50 hot airflow confluence pipe,
60 air filter, 70 compressor,
a air gap, s clearance.
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schematic view showing a heat exchange or drying device for the iron core 204 according to a first comparative embod-
iment not belonging to the invention.
[0030] As shown in Figures 8 and 9, the iron core 204 is formed by stacking multiple layers of stacking sheets in an
axial direction. Tooth portions 204a are provided at outer edges of the stacking sheets, slots 204b are formed between
adjacent tooth portions 204a, and the slots 204b are used to accommodate windings 203 (not shown in Figure 8, but
shown in Figure 11). The generator may have a structure with an outer stator and an inner rotor, or a structure with an
outer rotor and an inner stator. As an example, the iron core 204 of the stator is located in an inner chamber of the rotor,
the rotor includes a magnetic yoke 201 located at an outer side, magnetic poles 202 are mounted at an inner wall of the
magnetic yoke 201, the magnetic poles 202 may be permanent magnets, and a pressing bar 202a presses tightly
between the adjacent magnetic poles 202. As described above, press-connection by the pressing bar 202a is only an
example. When the magnetic pole is a magnetic pole module, the pressing bar may not be provided. The magnetic pole
module includes a bottom plate or a base plate, the magnetic pole is fixed to the bottom plate or the base plate, and the
bottom plate or the base plate may be directly fastened to a corresponding rotor magnetic pole mounting surface by
welding or screw connection, or, the pressing bar may be provided to connect the bottom plate or the base plate of the
magnetic pole module to the rotor magnetic pole mounting surface by press-connection.
[0031] The iron core 204 is in an annular shape, therefore, in this embodiment, the sprayer is specifically an annular
spray pipe 20 matching with the annular shape of the iron core 204. The annular spray pipe 20 is arranged at an end
portion of the iron core 204, and multiple spray holes are provided in a circumferential direction of the annular spray
pipe 20. The "matching" herein refers to that a diameter of the annular spray pipe 20 is substantially equal to that of the
iron core 204, which means that the diameter of the annular spray pipe 20 may be equal to, or slightly greater than or
slightly less than that that of the iron core 204, so that when the multiple spray holes of the annular spray pipe 20 sprays
the airflow, the airflow can reach the whole annular end portion of the iron core 204. Diameters of the spray holes may
be equal or different. For example, a spray hole closer to an airflow inlet of the annular spray pipe 20 may have a smaller
diameter, and a spray hole farther away from the airflow inlet may have a larger diameter, so that spraying flow of all
spray holes may be more uniform.
[0032] It can be understood that, for this purpose, the annular spray pipe 20 does not have to be a complete annular
shape. For example, the annular spray pipe 20 may include a plurality of segments, and intervals may be provided
between the plurality of segments; or, no interval is provided between the segments, and the segments are spliced or
sleeved to form the annular shape. In an embodiment, the sprayer may also be an arc segment, which can rotate to
achieve 360 degree spraying. Segmented arrangement is conducive to transportation and storage and convenient for
replacement and maintenance, which reduces maintenance costs. It can be understood that the specific shape of the
sprayer is not limited in this embodiment, and the requirements can be met as long as the whole annular end portion of
the iron core 204 can be basically sprayed. Of course, in a case that the annular spray pipe 20 is annular, the introduction
of the airflow is convenient to control.
[0033] As shown in Figure 10, the annular spray pipe 20 is mounted at an end face of the iron core 204. The end face
of the iron core 204 is an outer surface of a stacking sheet located at a top layer or a bottom layer of the iron core 204.
The stacking sheet includes a stacking sheet body and multiple tooth portions 204a formed at an outer edge of the
stacking sheet body. An outer surface of the stacking sheet body has a certain area and can serve as a mounting surface
of the annular spray pipe 20, the annular spray pipe 20 can be fixed to the mounting surface through fasteners, and the
fasteners may be bolts, for example. Of course the sprayer is not limited to be fixed to the mounting surface described
herein, and the sprayer may be movably connected to the mounting surface, so that the sprayer can better to spray a
position requiring cooling or drying.
[0034] Two ends of the iron core 204 are provided with two end faces, respectively, so each of the two end faces of
the iron core 204 may be provided with the annular spray pipe 20 shown in Figure 10. Of course, the annular spray pipe
20 may be arranged at only one of the end faces. After the annular spray pipe 20 is arranged at the end face of the iron
core 204, the airflow can be introduced into the annular spray pipe 20, and the airflow may be hot or cold airflow. In a
case that the cold airflow is introduced, the cold airflow can be sprayed to the end portion of the iron core 204, to complete
the heat exchange and take away the heat generated by components such as the iron core 204 and the windings 203
arranged at the end portion of the iron core 204, so as to cool the end portion of the iron core 204 and improve the
cooling environment of the iron core 204. In fact, the cooling airflow also has a drying effect to a certain extent. In a case
that the hot airflow is introduced into the annular spray pipe 20, the drying effect is better. The hot airflow may be chosen
to be introduced in a case that the iron core 204 is not in operation and the environment is relatively humid, to avoid
increment of a thermal load. In order to spray the airflow more evenly, the multiple spray holes can be evenly distributed
in the circumferential direction of the annular spray pipe 20.
[0035] As shown in Figure 11, which is a schematic view showing that the annular spray pipe 20 is arranged at the
end face of the iron core 204. Figure 11 shows a busbar 212 and only a part of the annular end face of the iron core 204.
[0036] Figure 11 shows that the slots 204b are formed between the tooth portions 204a of the stacking sheets of the
iron core 204, and windings 203 are accommodated in the slots 204b. The windings 203 have connectors. The end face
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of the iron core 204 is generally provided with the annular busbar 212, and a connector of each group of windings 203
is connected to the busbar 212, so as to meet the requirements of electrical connection. In this case, the annular spray
pipe 20 may be located at a radially inner side or a radially outer side of the busbar 212. In Figure 11, the annular spray
pipe 20 is located at the radially inner side of the busbar 212. In this way, when the annular spray pipe 20 sprays the
cold or hot airflow, the busbar 212 can also be cooled and dried. In a case that the annular spray pipe 20 is located at
the radially outer side of the busbar 212, the annular spray pipe 20 may be provided with spray holes located at an inner
side of the annular spray pipe 20 to spray the airflow to the busbar 212.
[0037] As shown in Figure 10, the airflow can be sprayed radially inward or outward. In Figure 10, the airflow is sprayed
radially outward, that is, the airflow is sprayed in a direction toward the rotor. In addition to performing heat exchange
or drying at the end portion of the iron core 204, the sprayed airflow can also enter into a clearance at roots of the slots
204b and an air gap between the rotor and the iron core 204 for better cooling and drying. The sprayed airflow can also
be axially sprayed (not shown in the figure). In this case, the annular spray pipe 20 may have a certain height, that is,
the annular spray pipe 20 axially protrudes from the end face of the iron core 204 and is a certain distance away from
the end face of the iron core 204. In this case, the spray holes are arranged at a bottom of the annular spray pipe 20 to
realize axial spraying, and the airflow is sprayed towards the end face of the iron core 204.
[0038] Or, a support foot is provided at the end face of the iron core 204, and the annular spray pipe 20 supported by
the support foot may be arranged to face the windings 203 in the axial direction. In this case, the spray holes are arranged
at the bottom of the annular spray pipe 20 to spray directly toward the windings 203 in the axial direction, and the airflow
can enter into the windings 203 and the roots of the slots 204b. Of course, the spray holes in the annular spray pipe 20
may be arranged to be tilted, so as to achieve the above purpose. In addition, a nozzle may further be provided at the
annular spray pipe 20, and an extending length and a spraying angle of the nozzle can be arranged according to needs,
so as to control a target position of the spraying. The airflow may be sprayed in the axial direction or the radial direction,
or both the axial and radial directions at the same time, and may also be sprayed with other angles.
[0039] As shown in Figure 11, the airflow is sprayed at the end portion of the iron core 204, which can cool and dry
the iron core 204. More importantly, after the winding 203 is placed into the slot 204b of the iron core 204, a slot wedge
206 (as shown in Figure 17) is further inserted in the axial direction, to prevent the winding 203 from getting out of the
slot 204b in the radial direction. After an impregnation process for insulation, insulating varnish is provided among the
slot wedge 206, the slot 204b and the winding 203, to create a dry environment at the end portion of the iron core 204,
which is conducive to providing a dry environment for the insulating varnish at the end portion of the winding 203 at this
position, and thereby improving the insulation performance. That is, the cold airflow or the hot airflow (compared with
the cold airflow, the drying effect is better) can be used for drying a junction of the root of the end portion of the winding
203 and the iron core 204.
[0040] With continued reference to Figure 10, an airflow supply device is provided in Figure 10, which can generate
the cold airflow and the hot airflow. With specific reference to Figures 12 and 13, Figure 12 is a schematic view showing
the basic structure of the vortex flow separator and a working principle of total temperature separation of the airflow.
The fluid has pressure, temperature, density, speed and Mach number when it flows. If the fluid is completely static in
an adiabatic process, a kinetic energy of the fluid will be converted into an internal energy, which is reflected in the
pressure, temperature and density, the temperature in this case is a total temperature. Figure 13 a schematic view
showing a flow section of a flow passage of a jet pipe in Figure 12.
[0041] In Figure 12, the vortex flow separator 10 serving as a cold source of the iron core 204 itself includes a jet pipe
102 and a vortex flow separation pipe 101. The jet pipe 102 is in communication with a side wall of the vortex flow
separation pipe 101. A portion of an inner chamber of the vortex flow separation pipe 101 directly facing the jet pipe 102
forms a vortex flow chamber 101a. A cold end pipe section 101c is located at one end of the vortex flow chamber 101a
(a left end in Figure 10), and a hot end pipe section 101b is located at another end of the vortex flow chamber 101a (a
right end in Figure10). An outlet of the cold end pipe section 101c is a cold end 101d for outputting the cold airflow, and
an outlet of the hot end pipe section 101b is a hot end 101e for outputting the hot airflow. An end plate 101a1 located
at one end of the vortex flow chamber 101a is provided with a through hole, the end plate 101a1 is defined as a cold
end orifice plate herein, and the cold end pipe section 101c is in communication with the through hole. As shown in
Figure 12, the cold end pipe section 101c is a relatively thin pipe section having a cross-sectional area smaller than that
of the vortex flow chamber 101a. The vortex flow chamber 101a and the hot end pipe section 101b have equal diameters,
the vortex flow chamber 101a and the hot end pipe section 101b can be integrally or separately arranged, and the integral
arrangement is simpler.
[0042] The jet pipe 102 of the vortex flow separator 10, which serves as the cold source carried by the iron core 204
itself in the electromagnetic device, is an energy conversion component that converts pressure energy of compressed
air into kinetic energy carried by high-speed airflow. The jet pipe 102 may include an inlet section, a body section, and
an outlet section, and the outlet section is provided with a nozzle for spraying the airflow. The nozzle is a common energy
conversion component of a thermal power device or a refrigeration device. Spiral airflow is formed after the airflow
passes through the jet pipe 102, as shown in Figure 13, a swirl plate is arranged inside the jet pipe 102, that is, the outlet
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section of the jet pipe 102 is a volute, and after entering the jet pipe 102, the airflow forms the spiral airflow to be outputted.
The jet pipe 102 is required to be in communication with the vortex flow chamber 101a tangentially, that is, the spiral
airflow sprayed out of the jet pipe flows swirlingly into the vortex flow separation pipe 101 in a tangential direction of the
vortex flow separation pipe 101. The airflow can be uniformly distributed to the nozzle at the output section of the jet
pipe 102 by the volute, the energy loss is minimized, and it is ensured that the airflow flows axisymmetrically at an inner
circumference of the volute.
[0043] Since the cross-sectional area of the cold end pipe section 101c is relatively small, as for the spiral airflow
entering the vortex flow chamber 101a, resistance at the cold end 101d orifice plate is relatively large, and the airflow
tangentially swirled into the vortex flow separation pipe 101 flows toward the hot end pipe section 101b in an opposite
direction of the cold end 101d. Here, a cross-sectional area of the hot end pipe section 101b may be equal to or greater
than that of the vortex flow chamber 101a, to ensure that the spiral airflow will flow toward the hot end pipe section 101b.
[0044] A valve having a conical surface is further provided in the hot end pipe section 101b, the valve is specifically
embodied as a conical throttling member 103 as shown in Figure 12, and a conical end of the throttling member 103
faces a direction opposite to a flowing direction of the spiral airflow. As shown in Figure 12, after the spiral airflow enters
the vortex flow separation pipe 101 from the jet pipe 102, the airflow flows spirally from left to right. When the spiral
airflow reaches the throttling member 103, external airflow of the spiral airflow can flow out from the valve, that is, the
external airflow of the spiral airflow flows out through an annular clearance between the throttling member 103 and the
vortex flow separation pipe 101 and is heated up to become hot airflow, as shown in Figure 12, the hot airflow flows out
from the hot end 101e of the hot end pipe section 101b.
[0045] Central airflow of the spiral airflow will collide with the throttling member 103. After colliding with the conical
surface of the throttling member 103, the airflow is guided by the conical surface of the throttling member 103, to flow
swirlingly in an opposite direction to form reflux airflow. During the above flowing process, the airflow will be cooled down
gradually, and a temperature of the cooling airflow can be greatly reduced to -50 to 10 °C. The external airflow and the
central airflow herein are defined with respect to a center line of the spiral airflow, the spiral airflow close to the center
line is the central airflow, and the airflow away from the center line and close to a radially outermost side of the spiral
airflow is the external airflow. In order to ensure that the spiral airflow flows to the hot end pipe section 101b and then
flows reversely, to form the hot airflow and the cold airflow, the throttling member 103 may be arranged at a tail end of
the hot end pipe section 101b.
[0046] In the above technical solution, since it is required that the spiral flow can flow reversely after passing through
the valve, the conical throttling member 103 is provided. For forming the reflux spiral airflow, the valve is only required
to have a certain range of a conical surface, for example, the valve is like a truncated cone (that is, a section of a cone
without a cone tip), or a half cone formed by cutting a cone in an axial direction. However, it can be understood that, in
order to better form a choking effect and to better guide the reflux spiral airflow, it is preferred that the valve is provided
to be a complete cone as shown in Figure 12. In addition, an axis of the conical throttling member 103 coincides with
an axis of the cold end pipe section 101c, which facilitates the swirling flow of the airflow when the reflux spiral airflow
flows swirlingly toward the cold end pipe section 101c, and thereby reducing the energy loss.
[0047] It can be seen that, the vortex flow separator 10 of the iron core 204 of the electromagnetic device which carries
the cold source itself can generate a temperature separation effect that performs temperature separation to a stream of
airflow, to obtain two streams of airflow, that is, cold airflow and hot airflow, and an extremely large temperature difference
exists between the two streams of airflow. The vortex flow separator 10 is researched based on the phenomenon of
tornadoes.
[0048] A tornado is a strong cyclone phenomenon in nature that occurs under certain atmospheric conditions. Oceanic
vortices that travel vertically from a water surface to a seabed may also be generated in the ocean under certain
atmospheric conditions. A typical tornado airflow structure shows that a tornado center is a funnel-like or trumpet-like
pointed cone. This cone is a convolution zone of the tornado, a swirling direction of the cone is the same as that of rising
hot airflow at a periphery filled with dust, but an axial flow direction of the airflow in the central cone is opposite to that
of the rising airflow at the periphery, and the airflow in the central cone flows downward. Cold airflow in the central cone
of a tornado is traced and measured in the natural environment, and a falling flow rate of the cold airflow can reach 17
m/s. Once a cone tip of the center cone diverges, the tornado is rapidly strengthened and the cone tip disappears and
becomes a truncated cone. The hot airflow at the periphery swirls while rises, and when reaching a bottom surface of
a cold cloud layer at an upper layer or the stratosphere, the airflow will immediately diverge swirlingly in a flare shape
in a horizontal direction and change the swirling direction to be reversely thrown swirlingly. The air swirls rapidly around
an axis of the tornado, being drawn due to extreme reduction of an air pressure at a center of the tornado, the airflow
is drawn into a bottom of a vortex flow from all directions in a thin layer of air which is tens of meters thick close to the
ground, and then becomes the vortex flow that swirls upward around the axis at a high speed. Therefore, the air in the
tornado is always cyclonic, and a central air pressure is 10% lower than that of a surrounding air pressure, and the
central air pressure is generally as low as 100 hPa, and a minimum value is 200hPa. The tornado has a great sucking
effect, which can suck sea water or lake water away from a sea surface or a lake surface, to form a water column to be
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connected with the cloud, commonly known as "dragon sucking water".
[0049] The energy source of the tornado: one energy source is heat energy of the airflow at the periphery of the
tornado, and another energy source is vacuum energy in a low pressure zone at a center of the vortex flow. High
temperature air of the airflow at the periphery of the tornado interacts with the tornado, causing the thermal energy to
be converted into rotational kinetic energy. The mechanism is explained by the Crocco theorem. The Crocco theorem
is obtained in a fluid vortex flow field based on the first law of thermodynamics, that is, conservation of energy. The
theorem quantitatively expresses a relationship among a gradient of thermodynamic enthalpy, a gradient of entropy and
swirling intensity of the vortex flow in the vortex flow field. Temperature differences in the atmosphere and up and down
convection are prerequisites for the formation of the tornado vortex flow, and the energy that enhances the tornado
vortex flow comes from the surrounding heat energy. The gradient of the thermodynamic enthalpy formed between the
rising hot airflow at the periphery of the tornado and the falling cold airflow at the center of the vortex flow becomes a
key factor in the conversion of atmospheric heat energy into flowing kinetic energy of the vortex flow. After intensity of
the tornado reaches a certain degree with the help of the heat energy, further intensification depends on the vacuum
energy in the low pressure zone at the center of the vortex flow. A lower cone of the tornado center is in the same swirling
direction as the peripheral airflow. The airflow in the lower cone swirls while falling and converges toward the center at
the same time. After a centripetal accelerated speed exceeds a certain critical value, the swirling of the radial peripheral
airflow is accelerated by viscous diffusion during the radial confluence process under an effect of Coriolis force.
[0050] That is, the tornado has a total temperature separation phenomenon. The vortex flow separator 10 according
to this embodiment is similar to the tornado, and the jet pipe 102 is provided to make the compressed airflow form spiral
airflow, which can be regarded as a spiral flow of a small-scale tornado. In this way, the total temperature separation of
the tornado is simulated in the vortex flow separation pipe 101, and thereby the desired hot and cold airflow are formed.
[0051] The mechanism of this technical solution is sought hereinabove from the nature world, and the principle of the
temperature separation effect of the vortex flow separator 10 will be described hereinafter.
[0052] Referring to Figures 14 and 15, Figure 14 a schematic view showing an internal flow field and heat energy
transfer inside the vortex flow separator 10 of the iron core 204 in Figure 12; and Figure 15 is a schematic view showing
the comparison between a free vortex flow and a forced vortex flow.
[0053] According to the law of energy conservation, a sum of the energy of the cold airflow and the hot airflow flowing
out from the vortex flow separation pipe 101 should be equal to the energy of the compressed gas entering the jet pipe
102 of the vortex flow separator 10 (provided that the vortex flow separator 10 is well insulated). Therefore, there is
necessarily a process of energy redistribution in the vortex flow separator 10 to transfer a portion of the energy from the
cooling airflow to the hot airflow.
[0054] Firstly, the compressed gas is supplied to the jet pipe 102, which is hereinafter referred to as a high-pressure
gas. A compressor may be provided and the compressed gas is provided by the compressor. To prevent the provided
cooling airflow from affecting an internal environment of the iron core 204, an air filter may be provided at an inlet of the
compressor.
[0055] The airflow of the compressed gas expands and accelerates in the jet pipe 102 of the vortex flow separator 10,
and an airflow speed may approach the sound speed when the airflow is entering the vortex flow chamber 101a of the
vortex flow separation pipe 101. In a case that a convergent-divergent jet pipe 102 is employed, the above airflow speed
will exceed the sound speed. Since the airflow rapidly expands and passes through the jet pipe 102, which can be
approximately regarded as an adiabatic process. The airflow speed is very high at the nozzle located at the outlet of the
jet pipe 102, and a corresponding thermodynamic temperature of the airflow at the nozzle is much lower than a temperature
of the airflow at the inlet of the jet pipe 102, that is, a primary controllable temperature drop is performed.
[0056] After the airflow enters the vortex flow chamber 101a of the vortex flow separation pipe 101 in the tangential
direction, the airflow continues to move spirally along an inner wall of the vortex flow chamber 101a to form high-speed
swirling airflow. When the airflow just flows out of the jet pipe 102, V=const or ωr =const, where V is a tangential speed
of the airflow and ω is an angular speed. This type of swirling is also called the free vortex flow. As shown in Figure 15,
Figure 15 shows differences of the tangential speed and the angular speed between the free vortex flow and the forced
vortex flow. In this case, a moving track of the airflow in the vortex flow chamber may be seen as the Archimedes spiral.
The formation of the cooling airflow and the hot airflow is analyzed hereinafter.
[0057] The formation of the hot airflow is as follows. Since the flowing of the airflow just coming out of the jet pipe 102
is the free vortex flow, the angular speed has a gradient in the radial direction, causing friction between radial layers of
the airflow, such that an angular speed of the external airflow of the spiral airflow is gradually increased, and an angular
speed of the central airflow of the spiral airflow is gradually reduced. However, because of the fast flow and short flowing
path, the spiral airflow has not reached the full forced vortex flow, but progresses to a central portion thereof. The external
airflow of the spiral airflow moves spirally in the hot end pipe section 101b, which includes both swirling movement and
axial movement. During the movement, the external airflow rubs against an inner wall of the hot end pipe section 101b,
thus the speed of the external airflow becomes lower and lower, the temperature of the external airflow gradually rises,
and the external airflow eventually flows out through the annular clearance between the throttling member 103 and the
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hot end pipe section 101b. By adjusting the clearance between the throttling member 103 and the hot end pipe section
101b, a ratio of the cold airflow to the hot airflow can be adjusted.
[0058] The formation of the cold airflow is as follows. The airflow is embodied as the free vortex flow when the airflow
just flows out of the jet pipe 102. Under an action of a centrifugal force, and being blocked by the cold end 101d orifice
plate of the cold end pipe section 101c, the airflow will flow, near the inner wall of the hot end pipe section 101b, toward
the throttling member 103. During the flowing process, due to gradual dissipation of an axial speed, when the spiral
airflow moves to a certain position in the axial direction, the axial speed of the spiral airflow is already close to zero, the
above position may be defined as a stagnation point. At this time, because the central airflow converges at the stagnation
point, a pressure is continuously increased, and the pressure at the stagnation point is higher than a cold end 101d
pressure at the outlet of the cold end pipe section 101c, thus reverse axial movement occurs in a central region of the
hot end pipe section 101b, that is, reflux airflow starts from the stagnation point, and is gradually cooled down to form
the cold airflow, that is, a secondary temperature drop is performed. At the stagnation point, a total temperature of the
external airflow is higher than that of the central airflow. During the movement of the reverse flow to the cold end pipe
section 101c, a portion of the spiral flow at an outer layer is continuously diverted to join the reverse flow, thus the reverse
flow gradually expands, and a flow rate of the reverse flow reaches a maximum when the reverse flow reaches the cold
end 101d orifice plate.
[0059] As shown in Figure 14, in one cross section of the flow passage of the vortex flow separation pipe 101, a static
pressure of an outermost airflow of the external airflow is maximum, and a static pressure of an innermost airflow at a
central axis of the central airflow is minimum. At a cross section near the nozzle of the jet pipe 102, a ratio of a maximum
static pressure to a minimum static pressure is the largest, the ratio may range from 1.5 to 2, and a static temperature
is highest at a wall surface of the vortex flow separation pipe 101 and lowest at the central axis.
[0060] In any cross section of the flow passage, a tangential speed of the airflow at any point is dominant. Near the
nozzle of the jet pipe 102, both a radial speed and an axial speed of the airflow reach a maximum and then gradually
decrease in respective directions.
[0061] As described above, after leaving the nozzle, the airflow enters the vortex flow separation pipe 101 in the
tangential direction, and the airflow is divided into two regions. The external airflow tangentially swirls toward a hot end
101e outlet of the hot end pipe section 101b along the inner wall of the vortex flow separation pipe 101, that is, the
external airflow in an outer layer region forms the free vortex flow. The central airflow flows back from the position where
the throttling member 103 is arranged, due to driving of the surrounding free vortex flow, and then with the friction, an
inner layer region (the central airflow) in which the airflow swirls like a rigid body is converted into or to be close to the
forced vortex flow.
[0062] A boundary between external and central regions, that is, the external airflow and the reflux central airflow,
depend on a magnitude of a cold airflow rate. The boundary between the cold and hot airflow can be seen in Figure 14.
Over a length of the entire vortex flow separation pipe 101, an interface of the boundary is generally located within a
range of 0.65R to 0.75R away from the central axis, which is a flowing range of the central airflow in the radial direction,
where R is a radius of the vortex flow separation pipe 101. From the nozzle of the jet pipe 102 to the throttling member
103, the external airflow flows in the axial direction within a range that a radius ranges from 0.65R to 1R, which is a
flowing range of the external airflow in the radial direction. In the inner region, the central airflow flows reversely, and
the flowing starts just from the throttling member 103.
[0063] A central airflow temperature of the central airflow is highest at the throttling member 103, the reverse flow is
gradually cooled down, and the central airflow temperature is lowest when the airflow reaches the cold end 101d orifice
plate. A maximum temperature difference occurs in a direction of the central axis, the highest temperature is at a position
of the central axis corresponding to the throttling member 103, and the lowest temperature is at a position of the central
axis corresponding to the cold end 101d orifice plate. As for the central airflow at the inner layer, that is, the cold airflow,
a static temperature is lowest at the central axis and reaches the maximum at the boundary between the inner layer
airflow and the outer layer airflow.
[0064] In any cross section of the flow passage of the vortex flow separation pipe 101, the total temperature is highest
at a position near the inner wall surface of the vortex flow separation pipe 101 and lowest at the central axis. At the cross
section of the flow passage at the nozzle, a temperature difference between a wall temperature of the vortex flow
separation pipe 101 and a temperature at the central axis reaches a maximum value.
[0065] The total temperature separation effect of the vortex flow separator 10 may refer to Figure 16. Figure 16 is a
schematic view showing a working process of the total temperature separation in the vortex flow separator 10 in Figure
12 based on a thermodynamic temperature-entropy (T-S) diagram. As can be seen from Figure 16, the vortex flow
separator 10 does perform temperature separation to the compressed airflow entering the jet pipe 102.
[0066] In Figure 16, point 4 shows a state before the gas is compressed, that is, a state before entering into the
compressor 70. A process from point 4 to point 5 is an isentropic compression process of the airflow. A process from
point 5 to point 1 is the isobaric cooling process of the compressed gas. Point 1 represents a state before the compressed
gas enters the jet pipe 102 of the vortex flow separator 10. Under an ideal condition, the compressed gas adiabatically
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expands to a pressure P2, and then the temperature decreases to Ts, that is, a state of point 2a. Point 2 indicates a state
of the cold airflow flowing out from the vortex flow pipe, and a temperature thereof is Tc. Point 3 indicates a state of the
separated hot airflow, and a temperature thereof is Th. A process from point 1 to point 2 and a process from point 1 to
point 3 are separation processes of cold and hot airflow. A process from point 3 to point 3’ is a throttling process of the
hot airflow through the throttling member 103, and an enthalpy value is unchanged before and after the throttling.
[0067] During the whole working process, it is impossible for the airflow to be isentropically expanded in the jet pipe
102. Due to a certain loss in kinetic energy exchange between airflow in the inner and outer layer regions in the vortex
flow chamber 101a, and a heat transfer process toward a center in the vortex flow chamber 101a, the airflow is deviated
from the adiabatic expansion process in the process from point 1 to point 2, causing the temperature Tc of the cold
airflow separated from the vortex flow separation pipe 101 to always be higher than the temperature Ts of the cold airflow
under the adiabatic expansion condition.
[0068] The cooling effect and heating effect of the vortex flow separator 10 in the above embodiment are described
hereinafter.
[0069] During operation, the gas with a temperature T1 is separated into cold airflow with the temperature Tc and hot
airflow with the temperature Th by the vortex flow separation pipe 101. Therefore, ΔTc=T1-Tc is called the cooling effect
of the vortex flow separation pipe 101, and ΔTh=Th-T1 is called the heating effect of the vortex pipe. ΔTs=T1-Ts is defined
as an isentropic expansion effect to represent a theoretical cooling effect of the vortex flow separation pipe 101. Therefore,
cooling effectiveness of the vortex flow separation pipe 101 is expressed by a cooling efficiency ηc, that is: 

where p1 represents an airflow pressure at the inlet of the vortex flow separator 10, p2 represents an airflow pressure
after the airflow expands in the jet pipe 102 and enters into the vortex flow chamber 101, and k represents an adiabatic
index of the gas (for example, the air).
[0070] In addition, there are balances of flow and heat during the operation of the vortex flow separator 10 which are
described as follows.
[0071] If flow rates of the high-speed airflow entering the vortex flow separation pipe 101, the cold airflow at the cold
end 101d, and the hot airflow at the hot end 101e are indicated by qm1, qmc and qmh, respectively, then qm1= qmc+qmh.
[0072] If specific enthalpy of the above airflow are indicated by h1, hc and hh (KJ/Kg), respectively, and the kinetic
energy when the airflow flows out is neglected, then qm1h1 = qmchc + qmhhh.

[0073] A cold airflow flow ratio is  .
[0074] A corresponding relationship between enthalpy and temperature of the gas is h=CpT.
[0075] The following formulas are obtained: 

[0076] A cooling capacity of the vortex flow separation pipe 101 can also be obtained as follows:

the cooling capacity Q0 (kW) of the vortex flow separation pipe 101 is 
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then, a cooling capacity per kilogram of the cold airflow is: 

and
for each kilogram of high pressure gas, its unit cooling capacity q’0 can be expressed as: 

[0077] A heating capacity Qh (kW) of the vortex flow separation pipe 101 is: 

[0078] The heating capacity per kilogram of the hot airflow is:

and for each kilogram of high pressure gas, its unit heating capacity can be expressed as: 

[0079] The cooling effect ΔTc=T1-Tc and the unit cooling capacity q0 of the vortex flow separator pipe 101 are related
to the following factors, that is, a cold airflow component mc, the working pressure p1 at the inlet of the jet pipe 102, and
a water vapor content in the airflow.
[0080] As for the cold airflow component mc, when a value of the cold airflow component changes, ΔTc and q0 change
correspondingly, and there are maximum values of ΔTc and q0 in a range of mc from 0 to 1. In a case that mc ranges
from 0.3 to 0.35, ΔTc has the maximum value; in a case that mc ranges from 0.6 to 0.7, q0 reaches the maximum value.
Besides, the heating effect also changes with the change of mc, ΔTh continuously increases with the increase of mc
without limitation.
[0081] As for the working pressure p1 at the inlet of the jet pipe 102, when p1 increases, both ΔTc and q0 increase.
However, when ΔTc and q0 increases, the maximum value of ΔTc moves in a direction in which mc decreases, and the
maximum value of q0 moves in a direction in which mc increases.
[0082] When the gas is moist, the water vapor in the cold airflow is condensed and heat is released, so a cooling
temperature rises and the cooling efficiency decreases; a temperature rise of the hot airflow is reduced, and the heating
effect is weakened.
[0083] The principle of the vortex flow separator 10 is described in detail above, the hot airflow and the cold airflow
can be separated by the vortex flow separator 10. The cold airflow and the hot airflow are used as the airflow entering
the sprayer in all the embodiments in the present application. Specifically, in the first embodiment, the cold airflow or
the hot airflow separated by the vortex flow separator 10 is introduced into the annular spray pipe 20 mounted at the
end face of the iron core 204. Certainly, the cold airflow or the hot airflow sprayed by the sprayer in the present embodiment
and other following embodiments can also be provided by other equipment. For example, the cold airflow may be the
internal circulation airflow as described in the background technology.
[0084] Referring to Figure 10, the annular spray pipe 20 is provided with multiple airflow inlets. The cold airflow from
the outlet of the cold end pipe section 101c of the vortex flow separator is conveyed to two of the multiple airflow inlets.
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The two airflow inlets are symmetrically arranged with respect to a circular center of the annular spray pipe 20, so that
the entering of the air is more uniform and accordingly the spraying is more uniform. A first valve 1 and a second valve
2 are provided at the outlet of the cold end pipe section 101c (a left end of the vortex flow separator 10 in Figure 10), to
control blocking and unblocking of the two airflow inlets respectively.
[0085] The hot airflow from the outlet of the hot end pipe section 101b of the vortex flow separator (a right end of the
vortex flow separator in Figure 10) is also conveyed to two of the multiple airflow inlets, and the two airflow inlets are
also symmetrically arranged with respect to the circular center of the annular spray pipe 20, so as to achieve the purpose
of uniform entering and spraying of the air. A third valve 6 and a fourth valve 7 are provided at the outlet of the hot end
pipe section 101c, to control blocking and unblocking of the two airflow inlets respectively. Figure 10 also shows that
throttling valves 3 and 4 can also be provided at the outlet of the hot end pipe section of the vortex flow separator 10 for
flow regulation. The vortex flow separator 10 is further provided with a pipeline valve and a control device 5 thereof. If
the airflow is required to be recycled, the airflow can be controlled by the control device.
[0086] It can be understood that, two airflow inlets for the cold airflow and two airflow inlets for the hot airflow are
provided. In order to ensure the uniformity of the airflow spraying, more airflow inlets may be added. The airflow inlets
may also not distinguished for introducing the cold airflow or the hot airflow, instead, when the cold airflow is required
to be sprayed, the cold airflow can be introduced to the airflow inlet, and when the hot airflow is required, the hot airflow
can be introduced to the airflow inlet.

SECOND EMBODIMENT OF THE INVENTION

[0087] Referring to Figure 17, Figure 17 is a schematic view showing a heat exchange or drying device for an iron
core 204 according to a second embodiment which is according to the present invention, an annular spray pipe 20 runs
through a through hole at winding end portions 203a; Figure 19 is a schematic view showing the annular spray pipe 20
in Figure 17 runs through a part of the winding end portions 203a; and Figure 18 is a schematic view of the annular
spray pipe 20 in Figure 17.
[0088] It can be seen from Figure 17 that, windings 203 of the iron core 204 are bent at two ends of iron core 204 in
an axial direction to form the winding end portions 203a. A sharp point of each of the winding end portions 203a is a
winding nose. The through hole is formed at the winding end portions 203a due to the bending. Multiple winding end
portions 203a are circumferentially distributed at an end portion of the iron core 204. A portion of a circumference is
shown in Figure 19, where the annular spray pipe 20 in Figure 19 runs through the through hole formed in the winding
end portions 203a. The windings 203 may function to support and mount the annular spray pipe 20. Of course, the
annular spray pipe 20 may be only arranged to run through the through hole, and the annular spray pipe 20 is supported
and mounted by other components.
[0089] The annular spray pipe 20 is provided with multiple spray holes along its circumferential direction, and the hot
airflow output by the vortex flow separator 10 can be conveyed to the annular spray pipe 20, such that the hot airflow
can flow out from the spray holes and is sprayed to the winding end portions 203a, to perform the cooling and drying
function. The drying function is not only for drying the winding end portions 203a, but more importantly, a dry environment
is created at the end portions of the windings 203. As shown in Figure 17, after each of the windings 203 is placed in a
slot 204b of the iron core 204, a slot wedge 206 is inserted in the axial direction, to prevent the winding 203 from being
separated from the slot 204b radially. After an insulation impregnation process, insulating varnish is provided among
the slot wedge 206, the slot 204b and the winding 203, to create a dry environment at the end portion of the winding
203, which is conducive to providing a dry environment for the insulating varnish at the end portion of the winding 203,
and thus improving the insulation performance. That is, the hot airflow can be used for drying a junction between a root
of the end portion of the winding 203 and the iron core 204.
[0090] Of course, the cold airflow produced by the vortex flow separator 10 may also be introduced into the annular
spray pipe 20, to cool the end portions of the windings 203, which is beneficial to heat dissipation of the windings 203
and the iron core 204. The cooling airflow in the annular spray pipe 20 may come directly from the vortex flow separator
10 described in the first comparative embodiment, or from other airflow supply devices as described above.
[0091] With continued reference to Figure 18, a cross-sectional view of the annular spray pipe taken along line A-A
is shown at a lower right portion in Figure 18. It can be seen that an outer side of the annular spray pipe 20 is a curved
surface without holes, that is, no spray holes is provided at the outer side, and the spray holes are located at an inner
side and a middle portion of the annular spray pipe 20. After entering the annular spray pipe 20, the cold or hot airflow
flows in the annular spray pipe 20 along an arc-shaped path, and a centrifugal force is generated. The spray holes are
arranged at the inner side and the middle portion of the annular spray pipe 20, to prevent the airflow from directly rushing
out from the outer side under the action of the centrifugal force, which is beneficial to uniform spray of the airflow in the
circumferential direction. The arrangement of the spray holes herein is also applicable to the first comparative embod-
iment.
[0092] Furthermore, an airflow dividing pipe 20a may be arranged inside the annular spray pipe 20. After entering the
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airflow dividing pipe 20a, the cold airflow or the hot airflow are sprayed from two ends of the airflow dividing pipe 20a.
As shown in Figure 19, the annular spray pipe 20 is specifically circular-shaped, and the vortex flow separation pipe 101
is an arc-shaped section matching with an inner chamber of the annular spray pipe 20. The airflow dividing pipe 20a is
arranged at a position where an airflow inlet is located. In this way, after entering the airflow dividing pipe 20a, the cold
airflow or the hot airflow is sprayed out of the two ends of the airflow dividing pipe 20a, and is sprayed along the
circumferential direction of the annular spray pipe 20, which is beneficial to uniform spray of the cold airflow or the hot
airflow after being sprayed from the annular spray pipe 20. Preferably, two or more airflow dividing pipes 20a may be
provided, which corresponds to the number of the airflow inlets. Figure 18 shows that two airflow dividing pipes 20a are
symmetrically distributed along a center line of the annular spray pipe 20, which is also beneficial to uniform spray of
the airflow. The arrangement of the airflow dividing pipe 20a herein is also applicable to the first comparative embodiment
[0093] With continued reference to Figures 17 and in conjunction with Figure 20, Figure 20 is a schematic view showing
an airflow supply device in Figure 17.
[0094] Similar to the first comparative embodiment, the cold airflow and the hot airflow may also be provided to the
airflow supply device in the second embodiment by the vortex flow separator 10. In the second embodiment, a plurality
of radial cooling passages 205 running through the iron core 204 are formed in the iron core 204. In this case, multiple
vortex flow separators 10 may be arranged at an inner side of an iron core support 208. The cold airflow generated by
the vortex flow separators 10 can be conveyed to the radial cooling passages 205 to further cool the iron core 204.
[0095] With continued reference to Figure 20, the heat exchange or drying device includes an air collection tank 40
in which the airflow is converged. After being filtered by an air filter 60, the air is compressed by a compressor 70 and
then conveyed to the air collection tank 40. The air collection tank 40 is provided with multiple branch pipes 401, each
of the branch pipes is provided with the vortex flow separator 10, and the branch pipe 401 is configured to provide the
airflow to the jet pipe 102 of the vortex flow separator 10. In this way, the compressor 70 can provide the compressed
air to the multiple vortex flow separators 10, which simplifies the structure. In addition, by providing the multiple vortex
flow separators 10, the cooling airflow can be supplied to the multiple radial cooling passages 205, and thereby improving
the cooling effect.
[0096] In Figure 17, only one vortex flow separator 10 at a section in the axial direction is shown. It can be seen that,
in a case that the iron core 204 is provided with multiple radial cooling passages 205 distributed both axially and
circumferentially, the vortex flow separators 10 may be arranged in a manner that multiple rows of the vortex flow
separators 10 (a row of the vortex flow separators 10 arranged axially is shown in Figure17) are distributed in the
circumferential direction of the iron core 204.
[0097] Each of the branch pipes 401 may be provided with two vortex flow separators 10. One branch pipe 401 supplies
the airflow to the jet pipes 102 of the two vortex flow separators 10 at the same time, and the two vortex flow separators
10 supply the cooling airflow to the adjacent two cooling passages 205. As shown in Figure 20, the air collection tank
40 is provided with a row of branch pipes 401 distributed axially, each of the branch pipes 401 is in communication with
two axially adjacent vortex flow separators 10, and the jet pipes 102 of the two vortex flow separators 10 are integrally
formed with the branch pipe 401. Of course, the jet pipes 102 of the two vortex flow separators 10 and the branch pipe
401 may also be separately formed and then connected by connectors. In this way, the air collection tank 40 can be
provided with multiple rows of branch pipes 401 distributed circumferentially, so as to form supply points of the cold
airflow in the circumferential direction and the axial direction of the iron core 204. Of course, it is feasible that one branch
pipe 401 supplies the airflow to the two circumferentially adjacent vortex flow separators 10. In addition, one branch
pipe 401 may also supply compressed airflow to more than two vortex flow separators 10, which is not limited.
[0098] The cold end pipe section 101c of vortex flow separation pipe 101 of the vortex flow separator 10 can be inserted
into the radial cooling passage 205 of the iron core 204, for example, by means of shrink fit. The cold end pipe section
101c is cooled and then inserted into the radial cooling passage 205 to be tightly pressed by expansion; or, the cold end
101d of the cold end pipe section 101c may be welded to the radial cooling passage 205; or, a connector may be welded
to the radial cooling passage 205 or connected to the radial cooling passage 205 by shrink fit, and the cold end 101d of
the vortex flow separation pipe 101 is connected to and in communication with the connector, as long as the cold airflow
at the cold end 101d can be conveyed into the radial cooling passage 205 (or be introduced to a confluence pipe tank
and a confluence main pipe, and then be distributed into the radial cooling passage 205). The specific manner is not
limited in this solution.
[0099] As shown in Figure 17, in addition to providing the cold airflow to the radial cooling passage 205 by the vortex
flow separator 10, the cold airflow or the hot airflow generated by the vortex flow separator 10 may also be introduced
into the annular spray pipe 20, to cool and dry the position at the end portion of the iron core 204. As shown in Figure
17, in the axial direction, the cold end pipe sections 101c of the vortex flow separators 10 at two ends of the row of vortex
flow separators 10 are connected to the annular spray pipe 20 through a connecting pipe 20b.
[0100] In Figure 17, a second iron core fastener 207 configured for connecting the iron core 204 and the iron core
support 208 is provided. The second iron core fastener 207 may be provided with a through hole. The cold end pipe
section 101c of the vortex flow separator 10 in Figure 20 may also be inserted into the second iron core fastener 207,
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to spray the cooling airflow to the surface of the iron core 204.
[0101] The hot airflow separated by the vortex flow separator 10 can be gathered in a hot airflow confluence box 50.
In addition to being conveyed to the annular spray pipe 20, the hot airflow may also be used to dry two sides of spaces
of other air gaps (such as protective coating of the permanent magnetic pole at the rotor side and the insulating varnish
on a stator surface) inside the generator 200 when the wind turbine is stopped. In a case that the drying is performed
when the wind turbine is stopped, the hot airflow will not increase a thermal load of the generator.
[0102] The second embodiment is substantially the same as the first comparative embodiment, and the arrangement
and the communication manner of the vortex flow separator 10 in the second embodiment is applicable to the first
comparative embodiment. The annular spray pipe 20 of the second embodiment runs through the winding end portions
203a, in this way, a structure for fixing the annular spray pipe 20 can be omitted, which simplifies the mounting and can
be better targeted at establishing a dry environment for the winding end portions 203a. The annular spray pipe 20 is
arranged at the end portion of the iron core 204, by running through the winding end portions 203a.

COMPARATIVE THIRD EMBODIMENT

[0103] Referring to Figures 21 to 23, Figure 21 is a schematic view showing a heat exchange or drying device for an
iron core 204 according to a third embodiment of the present application; Figure 22 is a view taken along line A-A in
Figure 21; Figure 23 is a sectional view showing a first iron core fastener 210 in Figure 21; and Figure 24 is a schematic
view showing a principle of airflow spray formed by multiple first iron core fasteners. The third embodiment is outside
the scope of the invention which is defined by the appended claims.
[0104] As shown in the above embodiments, the iron core 204 is generally formed by superposing multiple stacking
sheets in the axial direction. In order to ensure the reliability of the superposing of the stacking sheet, multiple first iron
core fasteners 210 for axially tensioning the iron core 204 are provided. For example, the first iron core fastener 210
may be a stud bolt in Figure 21. As shown in Figure 21, the iron core support 208 is fixed with tooth pressing plates 209,
and the tooth pressing plates 209 are located at outer surfaces of the stacking sheets at two ends of the iron core 204
in the axial direction. The first iron core fastener 210 axially runs through the tooth pressing plates 209, end portions of
the first iron core fastener 210 is screwed by nuts, so as to tension the multiple superposed stacking sheets.
[0105] In this embodiment, the first iron core fastener 210 also serves as a sprayer, and a spray hole is arranged in
the first iron core fastener 210. As shown in Figure 21, two ends of the first iron core fastener 210 extend out of the end
portions of the iron core 204, that is, run through stacking sheets at an outermost layer. In this case, the spray hole is
located at the end portion of the first iron core fastener 210. As long as the airflow can be conveyed to the end portion
of the first iron core fastener 210, the airflow can be sprayed at the end portion of the iron core 204.
[0106] Specifically, as shown in Figure 23, the first iron core fastener 210 is provided with an airflow passage 210t
extending in the axial direction and running through the two end portions thereof. The airflow enters into the airflow
passage 210t from the outside and is sprayed outward from two ends of the airflow passage 210t. In this case, end
portions, capable of spraying the airflow, of the airflow passage 210t are spray holes of the sprayer. In a case that the
first iron core fastener 210 is the stud bolt shown in Figure 21, the airflow passage 210t runs through the stud bolt, and
the spray holes are portions of the airflow passage 210t located at bolt heads of the stud bolt.
[0107] In this embodiment, the airflow supply device is provided at an inner side of the iron core support 208, and a
side wall passage 211 is further provided. The side wall passage 211 successively runs through the iron core support
208, gets into the iron core 204, and runs through a side wall of the first iron core fastener 210, and then is in communication
with the airflow passage 210t. In this way, the airflow supply device located at the inner side of the iron core support
208 generates the required airflow, the airflow may enter into the airflow passage 210t through the side wall passage
211, and then is sprayed from the two ends of the airflow passage 210t. The airflow supply device herein may also be
the vortex flow separator 10 described above, and the specific structure of the vortex flow separator 10 can be understood
with reference to the above embodiments, which is not described herein. In this embodiment, the first iron core fastener
210 of the iron core 204 is skillfully used to form an airflow conveying passage, there is no need to arrange a special
airflow conveying passage, and operations such the fastening of the passage is also not needed, which is more con-
venient. In addition, the airflow supply device can be arranged at the inner side of the iron core support 208 in this way.
The inner side of the iron core support 208 has relatively sufficient space, which facilitates the arrangement of the airflow
supply device.
[0108] With continued reference to Figure 24, the cold airflow or the hot airflow is sprayed from the two end portions
of the first iron core fastener 210. The end portions of the first iron core fastener 210 are located at end faces of the iron
core 204. In this way, a relatively uniform spraying airflow may be formed at the end faces of the iron core 204, which
can better perform cooling and drying.
[0109] With continued reference to Figure 23, in this embodiment, the airflow passage 210t includes a first passage
210a and a second passage 210b isolated from each other. The first passage 210a is configured to introduce the cold
airflow, and the second passage 210b is configured to introduce the hot airflow. Specifically, a T-shaped pipe may be
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inserted into the airflow passage 210t and the side wall passage 211. A horizontal pipe section of the T-shaped pipe is
located in the airflow passage 210t to form the first passage 210a, and a space between the horizontal pipe section of
the T-shaped pipe and an inner wall of the airflow passage 210t forms the second passage 210b. Correspondingly, the
side wall passage 211 is also divided into two portions by a vertical pipe section of the T-shaped pipe. One portion is a
pipe chamber of the vertical pipe section, which is configured to convey the cold airflow to the first passage 210a. A
space between the vertical pipe section and an inner wall of the side wall passage 211 is configured to convey the hot
airflow to the second passage 210b. Apparently, it is also feasible the hot airflow is conveyed to the first passage 210a
while the cold airflow is conveyed to the second passage 210b. It is also feasible that the first passage 210a and the
second passage 210b are arranged separately by other means, or the two passages are formed by isolation through a
partition plate.
[0110] As shown in Figure 21, in a case that the airflow supply device is the vortex flow separator 10, a cold airflow
outlet thereof may be in communication with the first passage 210a, and a hot airflow outlet may be in communication
with the second passage 210b. In this way, the cold airflow or the hot airflow can be selected to be introduced according
to needs by controlling the vortex flow separator 10 to be in communication with the first passage 210a or the second
passage 210b. Certainly, in a case that there is only one passage in both the airflow passage 210t and the side wall
passage 211, a switching valve is provided to allow the hot end pipe section 101b or the cold end pipe section 101c of
the vortex flow separator 10 to be in communication with the side wall passage 11 and the airflow passage 210t.
[0111] In this embodiment, the airflow is sprayed out of the two ends of the first iron core fastener 210, to perform heat
exchange at the end portions of the iron core 204, so as to achieve the purpose of cooling and drying. After the heat
exchange, the airflow flows inside the rotor, and when a certain amount of airflow is accumulated, the airflow can flow
out from a clearance s shown in Figure 21. The clearance s is an annular clearance and is located at a clearance between
the generator 200 and the iron core support 208, and spiral teeth sealing can be provided herein. Specifically, a magnetic
yoke 201 is connected to a cylindrical rotor end cover 215, and an end cover seal ring 214 is provided at an edge of the
rotor end cover 215. An annular enclosing plate 213 is provided at each of two ends of the iron core support 208, and
the spiral tooth sealing is provided between the enclosing plate 213 and the end cover seal ring 214. In this case, the
annular clearance s will be formed between the end cover seal ring 214 and the enclosing plate 213. The hot airflow is
the dry air which can perform mass transfer and drying on the surface. When flowing out from the clearance s, the hot
airflow can resist a gas-liquid two-phase flow or a gas-solid two-phase flow from an upwind direction. Moreover, the
moist air formed after performing the drying function is squeezed out from the clearance s, which maintains the dry
environment inside the generator 200. In the above first and second embodiments, the airflow sprayed from the annular
sprayer 20 can also be squeezed out from the clearances.

COMPARATIVE FOURTH EMBODIMENT

[0112] Referring to Figures 25 to 27, Figure 25 is a schematic view showing a heat exchange or drying device of for
an iron core provided according to a fourth embodiment of the present application; Figure 26 is a view taken along line
B-B in Figure 25; Figure 27 is a sectional view showing a first iron core fastener in Figure 24; and Figure 28 is a schematic
view showing a principle of the airflow spray formed by multiple first iron core fasteners 210. The fourth embodiment is
outside the scope of the invention which is defined by the appended claims.
[0113] This embodiment is substantially the same as the third embodiment, except that in the third embodiment, the
airflow enters into the airflow passage 210t and is sprayed out from the two ends thereof, and in the fourth embodiment,
the airflow is sprayed from one end, and a recovery passage 210h is further provided.
[0114] As shown in Figure 25, the airflow passage 210t only runs through one end of the first iron core fastener 210,
and the recovery passage 210h runs through the other end of the first iron core fastener 210. According to Figure 25,
the airflow passage 210t and the recovery passage 210h are in the same passage, but they are isolated from each
other. Certainly, since the airflow passage 210t and the recovery passage 210h are not in communication with each
other, they may be two completely independent passages, and only one end of each of the two passages is unblocked,
which is a blind hole structure.
[0115] In this case, the side wall passage 211 also includes an inlet passage and an outlet passage isolated from
each other. The airflow enters into the airflow passage 210t from the inlet passage and is sprayed out from an end
portion of the airflow passage 210t. In Figure 25, the airflow is sprayed out from a left end. The sprayed airflow performs
heat exchange outside (at the end portion of the iron core 204 and an inner chamber between the magnetic yoke 201
and the iron core support 208) and then enters from an end portion of the recovery passage 210h, and flows out through
the recovery passage 210h and the outlet passage to be recycled. The inlet passage and the outlet passage of the side
wall passage 211 may be two portions of the same passage which are isolated with each other, or may be two completely
independent passages.
[0116] For the airflow passage 210t, the first passage 210a and the second passage 210b may be formed by dividing
the airflow passage 210t, to introduce the cold airflow and the hot airflow respectively. In Figure 27, it is equivalent that
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an L-shaped pipe is inserted into the airflow passage 210t and the inlet passage of the side wall passage 211. The first
passage 210a is formed by a pipe chamber of a horizontal pipe section of the L-shaped pipe, and the second passage
210b is formed by a space between the horizontal pipe section and an inner wall of the airflow passage 210t. A vertical
pipe section of the L-shaped pipe is located in the inlet passage of the side wall passage 211 for introducing the cold
airflow. The space between the vertical pipe section and the inlet passage is configured for introducing the hot airflow.
Certainly, it is also feasible the hot airflow is conveyed to the first passage 210a while the cold airflow is conveyed to
the second passage 210b. It is also feasible that the first passage 210a and the second passage 210b are arranged
separately by other means, or the two passages are formed by isolation through a partition plate.
[0117] With this arrangement, after the airflow is sprayed from one end of the airflow passage 210t, the heat exchange
is performed near the end and the cooling and/or drying functions are realized, when the airflow is accumulated to a
certain amount, the airflow will flow from an air gap a between the iron core 204 and a magnetic pole 202 to the other
end of the first iron core fastener 210, to perform exchange heat at the other end and enter into the recovery passage
210h at the other end of the first iron core fastener 210, and then flows out from the side wall passage 211. The airflow
flowing out can be recycled. For example, after performing heat exchange and being heated, the cold airflow may be
used for drying, or may also be conveyed back to the compressor 70, or may be conveyed to other places required to
be dried. Certainly, in this embodiment, in a case that there is a certain clearance s, part of the airflow may also flow out
from the clearance s, which has the same function as that of the third embodiment. In a case that the sealing performance
is better, the recovery effect is more significant.
[0118] In the above embodiments, the heat exchange or drying device for the iron core 204 is illustrated mainly by
taking the generator 200 as an example. It can be understood that, in addition to the generator 200, the above solutions
may be applicable to other electromagnetic devices having the iron core 204, such as a motor, a transformer and an
electric reactor.
[0119] In a case that the generator 200 is applied to a wind turbine, the hot airflow separated by the vortex flow
separator 10 or the recovered temperature-rised airflow may be conveyed to at least one of the following: a front edge
of a blade, a rear edge of the blade, a hub, a pitch bearing, a wind measurement support at an upper portion of a nacelle
and a yaw bearing. The yaw bearing is arranged between the generator 200 and the nacelle. The hot airflow may be
conveyed to the inner front edge of the blade and the rear edge of the blade, to prevent the blade from icing and frosting.
Specifically, the hot airflow may be conveyed to an inner chamber close to the front edge inside the blade or an outside
of the blade, or an inner chamber close to the rear edge inside the blade or the outside of the blade. The hot airflow is
also conveyed to the wind measurement support at the upper portion of the nacelle, which can perform the drying
function, thereby maintaining the detection sensitivity of the wind measurement support. In a case that the wind turbine
200 is not working, the hot airflow may be conveyed to an exposed surface of the pitch bearing, an interior of the yaw
bearing, a space inside the hub or other parts, to perform the drying function, and the thermal load will not be increased.
When the hot airflow is conveyed to the space inside the hub, a gas slip ring may be provided. It can be seen that the
generator 200 is not provided with the heat source and the cold source at the same time, a single device has a dual
function of the cold source and the heat source at the same time, which is both the cold source and the heat source.
[0120] In the above embodiments, the sprayer is mainly provided to spray the cold airflow or the hot airflow at the end
portion of the iron core 204, that is, the cold source and the drying source are generated in the heat source (the iron
core 204 and the windings 203) to cool and dry the insulation of the windings 203 and the iron core 204, so as to create
a cool and dry environment at the end portion of the iron core 204, which is conducive to the heat dissipation of the iron
core and the maintenance of the insulation performance of end portion of the windings 203, including the insulation of
the windings 203 itself and the insulation between the windings 203 and the iron core 204, and is also conducive to the
protection of the magnetic poles 202 and the protective coating thereof. The essence of the cooling and drying method
is that the internal airflow will not be affected by natural environment and will not carry multiphase airflow in natural
environment, which improves the internal environment, and the internal moist airflow can be squeezed or carried out to
be recycled.
[0121] It can be understood that the solution of the sprayer may be carried out individually or combined with the cooling
solutions described in the background technology, or as described above, multichannel cooling may be carried out by
combining the radial cooling passage 205 and the cooling passage of the second fastener 207. The solutions of the
annular spray pipe 20 (the first embodiment or the second embodiment) of the sprayer and the first fastener 210 (the
third embodiment or the fourth embodiment) may also be performed collaboratively, to establish a multi-dimensional
heat dissipation channel, so as to better perform the cooling and drying function.
[0122] It should be noted that, in the third and fourth embodiments, the airflow is conveyed through the first iron core
fastener 210. When the cold airflow is conveyed, in addition to creating a cooling environment at the end portion of the
iron core 204, the more important is that it is equivalent to arranging a cooling passage inside the iron core 204, and
thus the iron core 204 can be better cooled.
[0123] The above embodiments are only preferred embodiments of the present application. It should be noted that,
for those skilled in the art, a few of modifications and improvements may be made to the present application as far as
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they fall into the scope of the present application defined by the claims.

Claims

1. A heat exchange or drying device for an iron core (204), comprising a sprayer configured to introduce airflow, wherein
the sprayer is provided with a plurality of spray holes,

the sprayer comprises an annular spray pipe (20) matching with an annular shape of the iron core (204), the
annular spray pipe (20) is provided at an axial end of the iron core (204), and the plurality of spray holes are
provided in a circumferential direction of the annular spray pipe (20); and wherein
windings (203) are accommodated in slots (204b) of the iron core (204), the windings (203) are wound at the
axial end of the iron core (204) to form winding end portions (203a), characterized in that
the annular spray pipe (20) is inserted into a through hole formed by all the winding end portions (203a) at the
axial end of the iron core (204).

2. The heat exchange or drying device according to claim 1, wherein

two or more airflow inlets are evenly distributed at the annular spray pipe (20) in a circumferential direction, and
the airflow inlets are configured for introducing the airflow; and
an airflow dividing pipe (20a) is arranged inside the annular spray pipe (20) at a position corresponding to one
of the airflow inlets, the introduced airflow is allowed to enter into the airflow dividing pipe (20a) first, and the
airflow dividing pipe (20a) is configured to spray the airflow from two ends, to guide the airflow to flow in the
circumferential direction of the annular spray pipe (20) and then be sprayed out from the spray holes.

3. The heat exchange or drying device according to claim 1 or 2, wherein

the spray holes are provided at an inner side of the annular spray pipe (20) or both the inner side and an
intermediate portion of the annular spray pipe (20), and no spray hole is provided at and an outer side of the
annular spray pipe (20); and
the spray holes are configured to spray in a radial direction and/or an axial direction of the iron core (204).

4. The heat exchange or drying device according to claim 1 or 2, wherein the heat exchange or drying device further
comprises a vortex flow separator (10), the vortex flow separator (10) comprises a jet pipe (102) and a vortex flow
separation pipe (101), the vortex flow separation pipe (101) comprises a vortex flow chamber (101a), and a cold
end pipe section (101c) and a hot end pipe section (101b) which are located at two ends of the vortex flow chamber
(101a) respectively; the jet pipe (102) is in communication with the vortex flow chamber (101a), compressed airflow
is allowed to flow through the jet pipe (102) to form a spiral airflow, and the spiral airflow is allowed to flow into the
vortex flow chamber (101a) in a tangential direction of the vortex flow chamber (101a);

a cross-sectional area of the cold end pipe section (101c) is smaller than a cross-sectional area of the vortex
flow chamber (101a), and a cross-sectional area of the hot end pipe section (101b) is equal to or greater than
the cross-sectional area of the vortex flow chamber (101a);
a valve having a valve port is arranged inside the hot end pipe section (101b), the valve has a conical surface,
and after the spiral airflow is introduced into the vortex flow separation pipe (101), external airflow of the spiral
airflow is allowed to flow toward the valve port, be gradually heated to become the hot airflow, and then flow
out through the valve port; central airflow of the spiral airflow is allowed to pass by the conical surface of the
valve and flow back, be cooled to be the cold airflow, and then flow out from the cold end pipe section (101c); and
the hot airflow or the cold airflow is the airflow introduced into the sprayer.

5. The heat exchange or drying device according to claim 4, wherein

one end of the vortex flow chamber (101a) is provided with a through hole, a pipe body of the cold end pipe
section (101c) is in communication with the through hole; the vortex flow chamber (101a) and the hot end pipe
section (101b) are integrally formed and have equal diameters;
the valve comprises a conical throttling member (103), a conical end of the throttling member (103) is arranged
to face the cold end pipe section (101c), the throttling member (103) is located at a central portion of the hot
end pipe section (101b), and an annular clearance formed between the throttling member (103) and an inner
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wall of the hot end pipe section (101b) is embodied as the valve port; and
an axis of the cold end pipe section (101c) coincides with an axis of the throttling member (103).

6. An electromagnetic device, comprising an iron core (204), wherein the electromagnetic device further comprises
the heat exchange or drying device according to any one of claims 1 to 5.

7. A wind turbine, comprising a generator, the generator comprising an iron core (204), wherein the wind turbine further
comprises the heat exchange or drying device according to any one of claims 1 to 5.

Patentansprüche

1. Wärmeaustausch- oder Trocknungsvorrichtung für einen Eisenkern (204), umfassend einen Zerstäuber, der dazu
ausgestaltet ist, einen Luftstrom einzuleiten, wobei der Zerstäuber mit einer Mehrzahl von Sprühlöchern versehen ist,

wobei der Zerstäuber ein ringförmiges Sprührohr (20) umfasst, das an eine ringförmige Form des Eisenkerns
(204) angepasst ist, wobei das ringförmige Sprührohr (20) an einem axialen Ende des Eisenkerns (204) vor-
gesehen ist und die Mehrzahl von Sprühlöchern in einer Umfangsrichtung des ringförmigen Sprührohrs (20)
vorgesehen ist; und wobei
Wicklungen (203) in Schlitzen (204b) des Eisenkerns (204) untergebracht sind und die Wicklungen (203) am
axialen Ende des Eisenkerns (204) gewickelt sind, um Wicklungsendabschnitte (203a) auszubilden,
dadurch gekennzeichnet, dass das ringförmige Sprührohr (20) in ein Durchgangsloch eingefügt ist, das von
allen Wicklungsendabschnitten (203a) am axialen Ende des Eisenkerns (204) ausgebildet ist.

2. Wärmeaustausch- oder Trocknungsvorrichtung nach Anspruch 1, wobei

zwei oder mehr Luftstromeinlässe in Umfangsrichtung gleichmäßig am ringförmigen Sprührohr (20) verteilt sind
und die Luftstromeinlässe zur Einleitung des Luftstroms ausgestaltet sind; und
ein Luftstromteilerrohr (20a) innerhalb des ringförmigen Sprührohrs (20) an einer Position angeordnet ist, die
einem der Luftstromeinlässe entspricht, der eingeleitete Luftstrom zuerst in das Luftstromteilerrohr (20a) ein-
treten kann und das Luftstromteilerrohr (20a) dazu ausgestaltet ist, den Luftstrom von zwei Enden aus zu
sprühen, um den Luftstrom so zu führen, dass er in der Umfangsrichtung des ringförmigen Sprührohrs (20)
strömt und anschließend aus den Sprühlöchern herausgesprüht wird.

3. Wärmeaustausch- oder Trocknungsvorrichtung nach Anspruch 1 oder 2, wobei

die Sprühlöcher an einer Innenseite des ringförmigen Sprührohrs (20) oder sowohl an der Innenseite als auch
an einem Zwischenabschnitt des ringförmigen Sprührohrs (20) vorgesehen sind, und kein Sprühloch an einer
Außenseite des ringförmigen Sprührohrs (20) vorgesehen ist; und
die Sprühlöcher dazu ausgestaltet sind, in eine radiale Richtung und/oder eine axiale Richtung des Eisenkerns
(204) zu sprühen.

4. Wärmeaustausch- oder Trocknungsvorrichtung nach Anspruch 1 oder 2, wobei

die Wärmeaustausch- oder Trocknungsvorrichtung ferner einen Wirbelstromabscheider (10) umfasst, wobei
der Wirbelstromabscheider (10) ein Strahlrohr (102) und ein Wirbelstromabscheidungsrohr (101) umfasst, wobei
das Wirbelstromabscheidungsrohr (101) eine Wirbelstromkammer (101a) sowie einen kalten Endrohrabschnitt
(101c) und einen heißen Endrohrabschnitt (101b) umfasst, die jeweils an zwei Enden der Wirbelstromkammer
(101a) angeordnet sind; das Strahlrohr (102) mit der Wirbelstromkammer (101a) in Verbindung steht, ein kom-
primierter Luftstrom durch das Strahlrohr (102) strömen kann, um einen spiralförmigen Luftstrom auszubilden,
und der spiralförmige Luftstrom in die Wirbelstromkammer (101a) in einer tangentialen Richtung der Wirbel-
stromkammer (101a) strömen kann;
ein Querschnittsbereich des kalten Endrohrabschnitts (101c) kleiner ist als ein Querschnittsbereich der Wirbel-
stromkammer (101a), und ein Querschnittsbereich des heißen Endrohrabschnitts (101b) gleich oder größer ist
als der Querschnittsbereich der Wirbelstromkammer (101a);
ein Ventil mit einer Ventilöffnung innerhalb des heißen Endrohrabschnittes (101b) angeordnet ist, das Ventil
eine konische Oberfläche aufweist und, nachdem der spiralförmige Luftstrom in das Wirbelstromabscheidungs-
rohr (101) eingeleitet wurde, äußerer Luftstrom des spiralförmigen Luftstroms zu der Ventilöffnung strömen
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kann, allmählich erwärmt wird, um der heiße Luftstrom zu werden und anschließend durch die Ventilöffnung
auszuströmen; der zentrale Luftstrom des spiralförmigen Luftstroms an der konischen Oberfläche des Ventils
vorbeigehen und zurückströmen kann, abgekühlt wird, um der kalte Luftstrom zu werden und anschließend aus
dem kalten Endrohrabschnitt (101c) auszuströmen; und
der heiße Luftstrom oder der kalte Luftstrom den in den Zerstäuber eingeleiteten Luftstrom darstellt.

5. Wärmeaustausch- oder Trocknungsvorrichtung nach Anspruch 4, wobei

ein Ende der Wirbelstromkammer (101a) mit einem Durchgangsloch versehen ist, ein Rohrkörper des kalten
Endrohrabschnitts (101c) mit dem Durchgangsloch in Verbindung steht; die Wirbelstromkammer (101a) und
der heiße Endrohrabschnitt (101b) einstückig ausgebildet sind und gleiche Durchmesser aufweisen;
das Ventil ein konisches Drosselelement (103) umfasst, ein konisches Ende des Drosselelements (103) so
angeordnet ist, dass es dem kalten Endabschnitt (101c) zugewandt ist, das Drosselelement (103) an einem
zentralen Abschnitt des heißen Endabschnitts (101b) angeordnet ist, und ein ringförmiger Zwischenraum, der
zwischen dem Drosselelement (103) und einer Innenwand des heißen Endabschnitts (101b) ausgebildet ist,
als die Ventilöffnung ausgeführt ist; und
eine Achse des kalten Endrohrabschnitts (101c) mit einer Achse des Drosselelements (103) zusammenfällt.

6. Elektromagnetische Vorrichtung, umfassend einen Eisenkern (204), wobei die elektromagnetische Vorrichtung fer-
ner die Wärmeaustausch- oder Trocknungsvorrichtung nach einem der Ansprüche 1 bis 5 umfasst.

7. Windturbine, umfassend einen Generator, wobei der Generator einen Eisenkern (204) umfasst, wobei die Windtur-
bine ferner die Wärmeaustausch- oder Trocknungsvorrichtung nach einem der Ansprüche 1 bis 5 umfasst.

Revendications

1. Dispositif d’échange thermique ou de séchage pour un noyau de fer (204), comprenant un pulvérisateur configuré
pour introduire un écoulement d’air, le pulvérisateur étant muni d’une pluralité de trous de pulvérisation,

le pulvérisateur comprend une conduite de pulvérisation annulaire (20) correspondant à une forme annulaire
du noyau de fer (204), la conduite de pulvérisation annulaire (20) est prévue au niveau d’une extrémité axiale
du noyau de fer (204), et la pluralité de trous de pulvérisation sont prévus dans une direction circonférentielle
de la conduite de pulvérisation annulaire (20) ; et dans lequel
des enroulements (203) sont logés dans des fentes (204b) du noyau de fer (204), les enroulements (203) sont
enroulés au niveau de l’extrémité axiale du noyau de fer (204) pour former des parties d’extrémité d’enroulement
(203a),
caractérisé en ce que la conduite de pulvérisation annulaire (20) est insérée dans un trou traversant formé
par toutes les parties d’extrémité d’enroulement (203a) au niveau de l’extrémité axiale du noyau de fer (204).

2. Dispositif d’échange thermique ou de séchage selon la revendication 1, dans lequel

deux ou plusieurs entrées d’écoulement d’air sont uniformément réparties au niveau de la conduite de pulvé-
risation annulaire (20) dans une direction circonférentielle, et les entrées d’écoulement d’air sont configurées
pour introduire l’écoulement d’air ; et
une conduite de division d’écoulement d’air (20a) est agencée à l’intérieur de la conduite de pulvérisation
annulaire (20) au niveau d’une position correspondant à une des entrées d’écoulement d’air, l’écoulement d’air
introduit est autorisé à entrer dans la conduite de division d’écoulement d’air (20a) en premier, et la conduite
de division d’écoulement d’air (20a) est configurée pour pulvériser l’écoulement d’air à partir de deux extrémités,
afin de guider l’écoulement d’air pour s’écouler dans la direction circonférentielle de la conduite de pulvérisation
annulaire (20) puis être pulvérisé en dehors à partir des trous de pulvérisation.

3. Dispositif d’échange thermique ou de séchage selon la revendication 1 ou 2, dans lequel

les trous de pulvérisation sont prévus au niveau du côté intérieur de la conduite de pulvérisation annulaire (20)
ou à la fois sur le côté intérieur et une partie intermédiaire de la conduite de pulvérisation annulaire (20), et
aucun trou de pulvérisation n’est prévu au niveau du côté extérieur de la conduite de pulvérisation annulaire
(20) ; et
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les trous de pulvérisation sont configurés pour pulvériser dans une direction radiale et/ou une direction axiale
du noyau de fer (204).

4. Dispositif d’échange thermique ou de séchage selon la revendication 1 ou 2, dans lequel

le dispositif d’échange thermique ou de séchage comprend en outre un séparateur d’écoulement tourbillonnaire
(10), le séparateur d’écoulement tourbillonnaire (10) comprend un gicleur (102) et une conduite de séparation
d’écoulement tourbillonnaire (101), la conduite de séparation d’écoulement tourbillonnaire (101) comprend une
chambre d’écoulement tourbillonnaire (101a) et une section de conduite d’extrémité froide (101c) et une section
de conduite d’extrémité chaude (101b) qui sont situées aux deux extrémités de la chambre d’écoulement
tourbillonnaire (101a) respectivement ; le gicleur (102) est en communication avec la chambre d’écoulement
tourbillonnaire (101a), l’écoulement d’air comprimé est autorisé à s’écouler à travers le gicleur (102) pour former
un écoulement d’air en spirale, et l’écoulement d’air en spirale est autorisé à s’écouler dans la chambre d’écou-
lement tourbillonnaire (101a) dans une direction tangentielle de la chambre d’écoulement tourbillonnaire (101a) ;
une zone en coupe transversale de la section de conduite d’extrémité froide (101c) est inférieure à une zone
en coupe transversale de la chambre d’écoulement tourbillonnaire (101a), et une zone en coupe transversale
de la section de conduite d’extrémité chaude (101b) est supérieure ou égale à la zone en coupe transversale
de la chambre d’écoulement tourbillonnaire (101a) ;
une soupape ayant un orifice de soupape est agencée à l’intérieur de la section de conduite d’extrémité chaude
(101b), la soupape a une surface conique, et après que l’écoulement d’air en spirale ait été introduit dans la
conduite de séparation d’écoulement tourbillonnaire (101), l’écoulement d’air externe de l’écoulement d’air en
spirale est autorisé à s’écouler vers l’orifice de soupape, être chauffé petit à petit pour devenir l’écoulement
d’air chaud, puis s’écouler en dehors à travers l’orifice de soupape ; l’écoulement d’air central de l’écoulement
d’air en spirale est autorisé à passer par la surface conique de la soupape et s’écouler en retour, être refroidi
pour être l’écoulement d’air froid, puis s’écouler en dehors à partir de la section de conduite d’extrémité froide
(101c) ; et
l’écoulement d’air chaud ou l’écoulement d’air froid est l’écoulement d’air introduit dans le pulvérisateur.

5. Dispositif d’échange thermique ou de séchage selon la revendication 4, dans lequel

une extrémité de la chambre d’écoulement tourbillonnaire (101a) est munie d’un trou traversant, un corps de
conduite de la section de conduite d’extrémité froide (101c) est en communication avec le trou traversant ; la
chambre d’écoulement tourbillonnaire (101a) et la section de conduite d’extrémité chaude (101b) sont formées
d’un seul tenant et ont des diamètres égaux ;
la soupape comprend un élément d’étranglement conique (103), une extrémité conique de l’élément d’étran-
glement (103) est agencée pour faire face à la section de conduite d’extrémité froide (101c), l’élément d’étran-
glement (103) est situé au niveau d’une partie centrale de la section de conduite d’extrémité chaude (101b), et
un espace annulaire formé entre l’élément d’étranglement (103) et une partie intérieure de la section de conduite
d’extrémité chaude (101b) est réalisée sous la forme d"orifice de soupape ; et
un axe de la section de conduite d’extrémité froide (101c) coïncide avec un axe de l’élément d’étranglement (103).

6. Dispositif électromagnétique, comprenant un noyau de fer (204), dans lequel le dispositif électromagnétique com-
prend en outre le dispositif d’échange thermique ou de séchage selon l’une quelconque des revendications 1 à 5.

7. Éolienne, comprenant un générateur, le générateur comprenant un noyau de fer (204), dans lequel l’éolienne
comprend en outre le dispositif d’échange thermique ou de séchage selon l’une quelconque des revendications 1 à 5.
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