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(54) THREE-PHASE POWER-FREQUENCY DUAL-CIRCUIT ELECTROMAGNETIC INDUCTION AND
SHORT-CIRCUIT HEATING DEVICE AND HEATING METHOD FOR LIQUID

(57)  The present invention relates to a three-phase
power-frequency dual-circuit, electromagnetic induction
and short-circuit heating device for liquid and a heating
method. The heating device includes an El-shaped core
and three-phase primary windings wound on core legs. A
metal housing is arranged along a closed three-phase
magnetic circuit, to form a dual-circuit shell structure that
surrounds the core and the three-phase primary windings
and that has 10 secondary-side short-circuited metal
rings. During operation, high short-circuit currents are
inductively generated in the respective secondary-side
short-circuited metal rings. Respective secondary sides
are conducted through a same metal housing to generate
high short-circuit between phases and among three
phases. Inner and outer secondary-side short-circuit
currents in the respective phases have a same direction,
while adjacent magnetic flux leakages have opposite
directions. A powerful and stable three-phase power-
frequency alternating N-S magnetic field is formed.
Hence, magnetic flux leakages are greatly reduced,
and a temperature rise of a protective housing is corre-
spondingly greatly decreased. When flowing through the
presentheating device, aliquid medium is magnetized by
a powerful alternating magnetic field while being heated.
The dual-circuit heating method of the present invention
greatly reduces a surface load parameter, thereby effec-
tively increasing a designed standalone power.
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EP 4773 731 A1
Description
TECHNICAL FIELD

[0001] The presentinvention relates to a power-frequency electromagnetic induction and short-circuit heating device
and a heating method, and more particularly, to a three-phase power-frequency dual-circuit, electromagnetic induction
and short-circuit heating device and a heating method for heating a liquid.

BACKGROUND

[0002] In the power transformer manufacturing industry, there is a well-recognized "6-degree rule", which is for every
6°Crise above arated temperature, the service life is halved, and for every 6°C drop below arated temperature, the service
life is doubled.

[0003] The Chinese patent document CN1142706C (Patent Application No. 01134187.4, hereinafter referred to as
Patent Document 1) discloses a three-phase power-frequency electromagnetic induction and short-circuit heating device
and method for liquid heating, whose operating principle is as follows: According to a primary-to-secondary turns ratio of a
transformer, a low-voltage high currentis obtained on a secondary side. In the foregoing patent, there is always one turn on
the secondary side, and the second side is short-circuited to form a circuit, which, therefore, is referred to as short-circuit
(single-circuit) heating. According to the professional terminology of the transformer, a part of a core on which a winding is
arranged is referred to as a core leg, and a part of the core on which no winding is arranged and that only serves to form a
closed magnetic circuit is referred to as a yoke. In the foregoing patent, a metal housing is creatively used as a secondary
side, and surrounds a core and primary windings along a closed three-phase magnetic circuit. In this way, three short-
circuited secondary-side metal rings are formed on a core leg section of the core, and four short-circuited secondary-side
metal rings are formed on a yoke section of the core, leading to a heating device with a total of seven secondary short-
circuits (hereinafter referred to as a 7-secondary-side short-circuit heating device).

[0004] When primary sides of the heating device are connected to a three-phase power-frequency power supply, all the
secondary-side metal rings of the metal housing inductively generate high short-circuit currents. The secondary-side
metal rings of all phases are conducted through a same metal housing to generate large short-circuit currents between
phases and among three phases. The foregoing two different large short-circuit currents rapidly heat the metal housing,
and then, the metal housing transfers Joule heat to a liquid medium surrounding the metal housing. A sum of vectors of the
three-phase short-circuits formed by the respective secondary sides equals zero, resulting in zero potential during
operation, leading to safety.

[0005] Itis mentioned in the beneficial effects of the foregoing patent that: In thermal design, there is a surface load
parameter, whose meaning is heat generation (dissipation) power per unit area. If a surface area is larger, a margin of a
designed output power is larger. By applying the housing as a main heating body, a design with a maximized power should
be obtained. Indeed, the foregoing patent has obtained the maximized design, but its output power is not proportional to a

surface area of the housing, which can be understood from a relational formula S = K\/ﬁ between a core cross-
sectional area S and an output power P. It can be understood that when an output power is higher, a surface load parameter
is higher, and a temperature rise of a primary winding is higher. When the temperature rise of the primary winding reaches a
rated temperature rise, maximization of the designed output power is restricted. Further, temperature rises of respective
sections of the metal housing are uneven. It can be learned from No. 2 of Test example 2 that after four secondary-side
metal rings of the yoke section are cut off, itis measured that an output power of the housing with three secondary sides at
the core leg section of the core accounts for 85.26% of that of the total device, butis surface area accounts for only 72.5% of
the total device. In view of the above, a shell at the core leg section of the core has the largest heat generation amount and
the highest surface load parameter.

[0006] Chinese patent document CN102384577A (Patent No. ZL201110340219.2, hereinafter referred to as Patent
Document 2) discloses a three-phase power-frequency, electromagnetic double-induction heating device for liquid, and its
working principle is as follows: By applying a mechanism that a metal plate made of a ferromagnetic material not only has
good magnetic permeability, but also is prone to generating eddy currents and magnetic hysteresis, the metal plate is
arranged around the foregoing 7-secondary-side short-circuit heating device to form a magnetic conductive frame. During
operation, the magnetic conductive frame induces short-circuit magnetic flux leakages generated by the foregoing 7-
secondary-side short-circuit heating device to form a circuit with the magnetic conductive frame, to inductively generate
eddy currents and magnetic hysteresis inside the magnetic conductive frame, and cause the magnetic conductive frame to
become an eddy currentheating device. The eddy current heating device and the foregoing 7-secondary-side short-circuit
heating device simultaneously heata liquid medium flowing through them. Thatis, a 7-secondary-side short-circuit heating
device is connected to a three-phase power-frequency power supply. Moreover, a liquid is heated by using a heating
method with two induction heating devices, that is, the short-circuit heating device and the eddy current heating device, so
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that the short-circuit magnetic flux leakages are confined within the magnetic conductive frame and are effectively
controlled and used. Itis mentioned in the beneficial effects of the foregoing patent that: When an output power is 131.09
kW, a temperature rise of a protective housing drops from 57 K to 15 K, which is indeed a great drop, but the temperature
rise of the protective housing is approximately proportional to the output power. Since it is specified in the national
standards that a temperature rise of a protective housing of a commercial heating device is not greater than 50 K, the
designed output power is limited.

[0007] The single-circuit power-frequency short-circuit magnetic flux leakage in the foregoing two patents has sig-
nificant adverse impact on the temperature-rise of the protective housing, but has a limited magnetization effect on the
liquid medium flowing around it. As a result, mild scale is formed on the secondary-side housing during long-term
operation. Although the mild scale will fall off itself, it is undoubted that the mild scale will affect heat dissipation of the
secondary-side housing, affect the temperature rise of the primary winding, and affect a service life. However, although the
foregoing two patents have defects, the basic technical solutions disclosed by them are also important components of this
application.

SUMMARY OF THE INVENTION
Technical problems

[0008] Objectives of the present invention is to overcome shortcomings in the related art, under a condition that a
winding temperature rise and a protective housing temperature rise meet related requirements in national standards,
further increase a standalone output power and lower costs per kilowatt, and under a condition of a same total installed
capacity, reduce a quantity of installed devices, reduce floor space that is expensive, and greatly lower initial investment
costs, to provide a higher commercial value.

Technical solutions

[0009] To achieve the objectives of the present invention, a technical solution of a three-phase power-frequency dual-
circuit, electromagnetic induction and short-circuit heating device for liquid is provided as follows: The three-phase power-
frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid heating includes an El-shaped
core having a closed three-phase magnetic circuit entirely formed by laminating silicon steel sheets. Primary windings, that
is, three-phase primary windings, are respectively wound on three core legs of the El-shaped core. The three-phase
primary windings from lefttorightare in a phase U, a phase Vand a phase W respectively. Structural features thereof are as
follows:

A metal housing is further included. The metal housing includes a first-circuit metal housing and a second-circuit metal
housing. The first-circuit metal housing is arranged along the closed three-phase magnetic circuit, to form secondary-side
metal rings surrounding the core and the respective primary windings. The second-circuit metal housing is arranged along
outer sides of secondary sides of all phases of the three core legs of the core in a first circuit. In this way, the three-phase
primary windings, three short-circuited secondary-side metal rings (referred to as Ua, Va, and Wa respectively corre-
sponding to the phase U, phase Vand phase W of the three-phase primary windings) of the first circuit, three short-circuited
secondary-side metal rings (referred to as Ub, Vb, and Wb respectively corresponding to the phase U, phase Vand phase
W of the three-phase primary windings) of a second circuit, and four short-circuited secondary-side metal rings
respectively surrounding left and right portions of upper and lower yokes of the core are sequentially arranged around
the core legs of the El-shaped core from inside to outside. Hence, the metal housing forms a dual-circuit shell structure
having 10 short-circuited secondary-side metal rings on two main heating elements inside and outside a core leg section of
the core.

[0010] In the foregoing three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating
device for liquid, the first-circuit metal housing includes a first shell and two rectangular tubes. The second-circuit metal
housing includes a second shell and two flow guide members with folded fins at front and rear ends. A height of the second
shell is higher than heights of the folded fins of the flow guide members but lower than a height of the first shell.
[0011] In the foregoing three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating
device for liquid, upper and lower surfaces of the flow guide member in an inner cavity of the rectangular tube are welded
and fixed to upper and lower inwardly folded fins of the rectangular tube. A straight section of the flow guide member has a
uniform clearance from all sides of an inner wall of rectangular tube, which is equal to net heights of the upper and lower
inwardly folded fins of the rectangular tube. The front and rear folded fins of the flow guide member respectively extend out
of front and rear end surfaces of the rectangular tube by a distance and are welded and fixed to the front and rear end
surfaces of the rectangular tube.

[0012] In the three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for
liquid, there are two rectangular tubes, namely, a first rectangular tube and a second rectangular tube. Left and right
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surfaces of the first rectangular tube and the second rectangular tube respectively form, together with the first shell, the
three short-circuited secondary-side metal rings (Ua, Va, Wa) surrounding the respective primary windings. There are two
flow guide members, namely, a first flow guide member and a second flow guide member. The first flow guide member and
the second flow guide member respectively extend out of front and rear end surfaces of the corresponding first rectangular
tube and second rectangular tube by a distance and run through front end rear surfaces of the second shell to be welded
and fixed thereto, and the second shell (4-2) has a uniform clearance from all sides of the first shell. Hence, left and right
surfaces of the two flow guide members and the second shell are respectively formed on outer sides of the three short-
circuited secondary-side metal rings (Ua, Va, Wa), together with the three short-circuited secondary-side metal rings (Ub,
Vb, Wb) parallel thereto, enclose the three-phase primary windings to be used as the second main heating element.
[0013] By applying a method of forming a dual-circuit structure by combining the flow guide members and the second
shell of the three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid,
a three-circuit or multi-circuit induction heating device with a higher standalone capacity can theoretically be formed on an
outer side of the second shell.

[0014] In the foregoing three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating
device forliquid, the second shell and the flow guide member are made of stainless steel plates having a same thickness as
those of the first shell and the rectangular tube.

[0015] The technical solution of a method for heating a liquid by a three-phase power-frequency dual-circuit, electro-
magnetic induction and short-circuit heating device for achieving the objectives of the present invention is: When three-
phase primary windings of the three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit
heating device for liquid of the present invention are connected to a three-phase power-frequency power supply, high
short-circuit currents are inductively generated in 10 short-circuited secondary-side metal rings of a dual-circuit metal
housing. Secondary sides of all phases are conducted through a same metal housing to generate high phase-to-phase
short-circuit currents and high three-phase short-circuit currents. Under a combined effect of the two types of high currents,
the dual-circuit metal housing is rapidly heated, and generated Joule heat is transferred to a liquid medium surrounding the
dual-circuit metal housing, and the metal housing is at zero potential, and is both a protective housing and a heat dissipator
of the three-phase primary windings. Inner and outer secondary-side short-circuit currents of all phases of the two circuits
of the dual-circuit have a same direction, while directions of adjacent magnetic flux leakages are opposite. In this way,
under a condition of a short clearance between the inner and outer secondary sides of all phases of the dual-circuit, a
powerful and stable three-phase power-frequency alternating N-S magnetic field circuit is formed. Hence, magnetic flux
leakages are greatly reduced, and a temperature rise of the protective housing is correspondingly greatly decreased.
When flowing through a channel between the inner and outer secondary sides of the dual-circuit, a liquid medium is
magnetized by a powerful alternating magnetic field while being heated, where magnetized water is free from scaling, and
magnetized oil is free from carbon deposition. Such a dual-circuit induction short-circuit heating method greatly reduces a
surface load parameter and effectively increases a designed standalone power.

Beneficial Effects

[0016] The presentinvention has the following beneficial effects: (1) The heating device of the present invention has a
shell structure with a dual-circuit structure, which greatly reduces a surface load parameter and decreases a winding
temperature rise, so that a margin for a designed standalone output power can be greatly increased. (2) Inner and outer
secondary-side short-circuit currents of all phases of the two circuits of the dual-circuit have a same direction, while
directions of adjacent magnetic flux leakages are opposite. In this way, under a condition of a short clearance between the
inner and outer secondary sides of all phases of the dual-circuit, a powerful and stable three-phase power-frequency
alternating N-S magnetic field circuitis formed. Hence, magnetic flux leakages are greatly reduced, and atemperature rise
of the protective housing is correspondingly greatly decreased. (3) When flowing through a channel between the inner and
outer secondary sides of the dual-circuit, a liquid medium is magnetized by a powerful alternating magnetic field while
being heated, where magnetized water is free from scaling, and magnetized oil is free from carbon deposition, which is
beneficial to maintaining heat dissipation conditions of the secondary-side housing unchanged for a long term, and is
beneficial to the winding temperature rise, leading to reliability, non-degraded long-term operation efficiency, mainte-
nance-free operation, and greatly reduced operation costs. (4) With a total installed capacity unchanged, a standalone
output power is doubled, and floor space is halved. In addition, a higher standalone output power indicates lower
manufacturing costs per unit power, which helps reduce initial investment costs for construction of a thermal energy
storage system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]
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FIG. 1 is a schematic structural diagram of a core and windings in a three-phase power-frequency dual-circuit,
electromagnetic induction and short-circuit heating device for liquid according to the present invention;

FIG. 2 is a schematic structural diagram of a rectangular tube and a flow guide member in a three-phase power-
frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid according to the present
invention;

FIG. 3is a schematic structural diagram of a three-phase power-frequency dual-circuit, electromagnetic induction and
short-circuit heating device for liquid according to the present invention;

FIG. 4 is a structural schematic diagram of a circulating heating device using the three-phase power-frequency dual-
circuit, electromagnetic induction and short-circuit heating device for liquid shown in FIG. 3; and

FIG. 5 is a schematic diagram of a commercial set of a three-phase power-frequency dual-circuit, electromagnetic
induction and short-circuit heating device for liquid according to the present invention.

[0018] Reference signs inthe foregoing accompanying drawings are as follows: core 1, three-phase primary winding 2,
upper disc 3-1, lower disc 3-2, first shell 4-1, second shell 4-2, rectangular tube 5, first rectangular tube 5a, second
rectangular tube 5b, terminal block 6, insulation plate 7, lead wire 8, insulation filler 9, flow guide member 10, first flow guide
member 10a, second flow guide member 10b, inlet circular pipe 11, outlet 12, circulation tank 13, first base 14, circular hole
15, main inlet pipe 16, L-shaped branch pipe 17, magnetic conductive frame 18, protective housing 51, inlet temperature
sensor 52, pressure sensor 53, frame 54, blowdown valve 55, second base 56, outlet temperature sensor 57, control
cabinet 60;

heating device 30A, circulating heating device 50A, commercial set 100A.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Embodiments of this application are described below in detail, and examples of the embodiments are shown in
the accompanying drawings, in which the same or similar elements or elements having same or similar functions are
denoted by the same or similar reference signs throughout the description. The following embodiments described with
reference to the accompanying drawings are exemplary, are intended to describe this application, and cannot be
construed as limitations on this application.

[0020] Inthe description of this application, it should be understood that orientations or positional relationships indicated
by terms, such as "center", "longitudinal”, "transverse", "length", "width", "height", "upper”, "lower", "front", "rear", "left",
"right", "vertical", "horizontal", "top", "bottom", "inner", and "outer", are orientations or positional relationships shown based
on the front view in FIG. 1 or the front view in FIG. 3, are used merely for conveniently describing this application and
simplifying the description, rather than indicating or implying that the indicated devices or elements need to have specific
orientations or be constructed and operated in specific orientations, and therefore, should not be construed as limitations
on this application.

[0021] Athree-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid
and a heating method according to the present invention are described below with reference to the accompanying
drawings.

(Embodiment 1)

[0022] Referring to FIG. 1, two, front and side views of FIG. 1 show a relational structure between a core 1 and three-
phase primary windings 2 of a three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit
heating device for liquid of the present invention. The core 1 is El-shaped, and a closed three-phase magnetic-circuit is
formed entirely by laminating silicon steel sheets. Primary windings, that is, the three-phase primary windings 2 are
respectively wound on three core legs of the El-shaped core 1. The three-phase primary windings 2 are arranged from left
torightin a phase sequence, and are respectively represented by U, VV, and W. The three-phase primary windings 2 may be
connected according to a Wye (Y) connection or a delta (A) connection. A Wye (Y) connection is shown in the figure.
[0023] ReferringtoFIG.2, FIG.2 shows arectangulartube 5 thatis semi-closed attwo ends and that has inwardly folded
fins onits upper and lower surfaces in the three-phase power-frequency dual-circuit, electromagnetic induction and short-
circuit heating device for liquid of the presentinvention. One end of the rectangular tube 5 is provided with at least four inlet
circular pipes 11 as inlets thereof, and an other end thereof is provided five square holes as outlets thereof. A flow guide
member 10 with folded fins attwo ends is arranged in an inner cavity of the rectangular tube 5. A main body of the flow guide
member 10 is a hollow tube, and a straight section of the hollow tube has a uniform clearance from all sides of an inner wall
ofthe rectangular tube 5, which is equal to heights of the upper and lower inwardly folded fins of the rectangular tube. Upper
and lower surfaces of the flow guide member 10 are welded and fixed to the upper and lower inwardly folded fins of the
rectangular tube 5. Folded fins of the flow guide member 10 at two ends respectively extend out of front and rear ends of the
rectangular tube 5 by a distance and are welded and fixed to front and rear end surfaces of the rectangular tube 5.
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[0024] Referring to FIG. 3, three views of FIG. 3 show a three-phase power-frequency dual-circuit, electromagnetic
induction and short-circuit heating device for liquid 30A according to the present invention. The three-phase power-
frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid 30A has a first-circuit metal
housing and a second-circuit metal housing . The first-circuit metal housing is arranged along a closed three-phase
magnetic circuit. The core 1 and the primary windings 2 in FIG. 1 are all encapsulated in a metal housing formed by an
upper disc 3-1, a lower disc 3-2, a first shell 4-1, a rectangular tube 5, and a terminal block 6. In FIG. 3, there are two
rectangular tubes 5, which are afirstrectangular tube 5a and a second rectangular tube 5b respectively. Alead wire 8 of the
three-phase primary windings is led out from a terminal block 6 through an insulation plate 7. The first-circuit metal housing
has insulation clearances from the core 1 and the primary windings 2. All space inside the metal housing is filled with an
insulation filler 9, to form a fully closed entity. The second-circuit metal housing is formed by a second shell 4-2 and two flow
guide members 10 with folded fins at two ends, and is arranged along an outer side of the first-circuit metal housing on the
three core legs of the core 1.

[0025] Stillreferring to FIG. 3, in this embodiment, except that the terminal block 6 and an inlet circular pipe 11 are made
of stainless steel pipes, all parts of the metal housing are formed by stamping, bending, and pressing stainless steel plates,
and then, are assembled. A preferred thickness of the stainless steel plate is 1.0 to 4.0 millimeters.

[0026] The terminal block 6 is welded above a side of the first shell 4-1. The upper disc 3-1 is welded to an upper end of
the first shell 4-1. The lower disc 3-2 is welded to a lower end of the first shell 4-1.

[0027] There are two rectangular tubes 5, namely, a first rectangular tube 5a and a second rectangular tube 5b. The first
rectangular tube 5a and the second rectangular tube 5b are respectively arranged between two phases U and V and two
phases Vand W of the three-phase primary windings 2 and between upper and lower yokes. Moreover, the first rectangular
tube 5a and second rectangular tube 5b run through front and rear surfaces of the first shell 4-1, and peripheries of their
frontand rear ends are welded and fixed to the front and rear surfaces of the first housing 4-1. In this way, upper surfaces of
the two rectangular tubes 5 respectively form, together with the first shell 4-1 and the upper disc 3-1, two short-circuited
secondary-side metal rings surrounding the upper yoke. Lower surfaces of the two rectangular tubes 5 respectively form,
together with the first shell 4-1 and the lower disc 3-2, two short-circuited secondary-side metal rings surrounding the lower
yoke. FIG. 3 shows two, upper and lower short-circuited secondary-side metal rings at a UV-phase section.

[0028] Referring to FIG. 3, left and right surfaces of the first rectangular tube 5a and the second rectangular tube 5b
respectively form, together with the first shell 4-1, three short-circuited secondary-side metal rings surrounding the
respective primary windings 2. The three short-circuited secondary-side metal rings are respectively Ua, Va, and Wa.
[0029] There are two flow guide members 10, namely, a first flow guide member 10a and a second flow guide member
10b. Folded fins at two ends of the first flow guide member 10a and the second flow guide member 10b respectively extend
out of front and rear end surfaces of the corresponding first rectangular tube 5a and second rectangular tube 5b by a
distance and run through front end rear surfaces of the second shell 4-2 to be welded and fixed thereto, and the second
shell 4-2 has a uniform clearance from all sides of the first shell 4-1. Left and right surfaces of the two flow guide members
10 and the second shell 4-2 respectively form three short-circuited secondary-side metal rings that are in parallel to the first
housing 4-1 and that surround the respective primary windings 2. The three secondary-side metal rings are respectively
represented by Ub, Vb, and Wb according to their phases. The metal housing of the heating device 30A is a dual-circuit
shell structure having 10 short-circuited secondary-side metal rings, which only not only greatly reduces a surface load
parameter and a primary winding temperature rise, but also effectively increases a designed standalone power.
[0030] Stillreferring to FIG. 3, the left surface of the first rectangular tube 5a of the first-circuit metal housing belongs to a
U-phase short-circuited secondary-side metal ring, and the right surface thereof belongs to a V-phase short-circuited
secondary-side metal ring. The short-circuited secondary-side metal rings of the two different phases are conducted
through the upper, lower, front, and rear surfaces of the first rectangular tube 5a, to form a phase-to-phase short-circuit of
the UV two-phase secondary sides Moreover, the V-phase secondary-side short-circuited metal ring and the W-phase
secondary-side short-circuited metal ring are conducted through the upper, lower, front, and rear surfaces of the second
rectangular tube 5b, to form a phase-to-phase short-circuit of the VW two-phase secondary sides. The U-phase short-
circuited secondary-side metal ring and the W-phase short-circuited secondary-side metal ring are conducted through the
first shell 4-1, to form a phase-to-phase short-circuit of the UW two-phase secondary sides. Moreover, the foregoing short-
circuited secondary-side metal rings are conducted through a same metal housing, to form three-phase short-circuits, a
sum of vectors of the three-phase short-circuits is zero. That is, the first-circuit metal housing is at zero potential. In view of
the above, the second shell 4-2 of the second circuit is higher than a height of a folded fin of the flow guide member 10, to
reduce impact of electric and magnetic fields caused by UW two-phase and three-phase short-circuits.

[0031] A method for heating a liquid by a three-phase power-frequency dual-circuit, electromagnetic induction and
short-circuit heating device for liquid 30A is as follows: Still referring to FIG. 3, other than a wire outlet of a terminal block, the
three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid 30A is
completely immersed in a liquid. When three-phase primary windings 2 of the three-phase power-frequency dual-circuit,
electromagnetic induction and short-circuit heating device for liquid 30A are connected to a three-phase power-frequency
power supply, high short-circuit currents are inductively generated in 10 short-circuited secondary-side metal rings of two,
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inner and outer circuits. Secondary sides of all phases are conducted through a same metal housing to generate high
phase-to-phase short-circuit currents and high three-phase short-circuit currents. Under a combined effect of the two
types of high currents, the dual-circuit metal housing is rapidly heated, and generated Joule heat is transferred to a liquid
medium surrounding the dual-circuit metal housing, and the metal housing is at zero potential, and is both a protective
housing and a heat dissipator of the three-phase primary windings 2. Inner and outer secondary-side short-circuit currents
of all phases of the two circuits of the dual-circuit have a same direction, while directions of adjacent magnetic flux leakages
are opposite. Under a condition of a short clearance between the inner and outer secondary sides of all phases of the dual-
circuit, a powerful and stable three-phase power-frequency alternating N-S magnetic field circuit is formed. Hence,
magnetic flux leakages are greatly reduced, and a temperature rise of the protective housing is correspondingly greatly
decreased. When flowing through a channel between the inner and outer secondary sides of the dual-circuit, a liquid
medium is magnetized by a powerful alternating magnetic field while being heated. Magnetized water is free from scaling,
and magnetized oil is free from carbon deposition. Such a dual-circuit heating method, compared with an existing single-
circuit heating method, significantly increases a total output power and greatly reduces a winding temperature rise under a
condition that a cross-section of the core remains unchanged.

(Application example 1)

[0032] Referring to FIG. 4, three views in FIG. 4 show a circulating heating device 50A assembled by applying the
present invention. The three-phase power-frequency dual-circuit, electromagnetic induction, and short-circuit heating
device forliquid 30A according to Embodiment 1 of the presentinvention is fixed onto afirstbase 14 inside a circulation tank
13 with a magnetic conductive frame 18. To-be-heated water from a water storage tank (not shown in the figure) is pumped
into the circulation tank 13 through a main inlet pipe 16 by a circulation pump and then divided into three paths of outlet
water. One path is spraying water downward through a circular hole 15, where the water moves upward after diffusion. The
other two paths are that water passes through two L-shaped branch pipes 17, enters gaps between the two rectangular
tubes 5 and their respective flow guide members 10 through eight inlet circular pipes 11 of the three-phase power-
frequency dual-circuit, electromagnetic induction, and short-circuit heating device for liquid 30A of the present invention,
and thenis discharged from the other ends of the two rectangular tubes 5. Water in the foregoing three paths flows through
inner and outer surfaces of the dual-circuit metal housing of the three-phase power-frequency dual-circuit, electromag-
netic induction and short-circuit heating device for liquid 30A of the present invention to perform sufficient heat exchange,
is discharged together with generated Joule heat from an outlet 12, and then returns to the water storage tank. This cycle is
repeated, to heat water in the water storage tank to a required temperature, so that the circulating heating device 50A is
formed.

(Application example 2)

[0033] Referring to FIG. 5, two views of FIG. 5 show a commercial set 100A using the three-phase power-frequency
dual-circuit, electromagnetic induction and short-circuit heating device for liquid of the present invention. The circulating
heating device 50A of Application example 1, together with a protective housing 51, is installed on aframe 54. The frame 54
and a control cabinet 60 are installed on a same second base 56, as a fixed structure. A thermal insulation layer (not shown
inthe figure) is arranged between the circulating heating device 50A and the protective housing 51. A blowdown valve 55 is
arranged at a bottom of the circulating heating device 50A. An inlet temperature sensor 52 and a pressure sensor 53 are
arranged on a pipeline of the main inlet pipe 16 of the circulating heating device 50A, and an outlettemperature sensor 57 is
arranged on a pipeline of an outlet 12 of the circulating heating device 50A. Low-voltage electrical components selected for
matching the control cabinet 60 can effectively detect failure signals, such as short-circuit, overcurrent, and leakage, in an
electrical system. In addition, signals, such as an outlet water temperature, an inlet-outlet water temperature difference,
and a pressure, detected by the foregoing sensors are all sentto a programmable logic controller (PLC). Then, according to
a programmed program, the PLC issues a control or alarm signal, to implement unmanned, safe, and automated
operation.

(Test example 1)

[0034] Winding temperature rise tests and protective housing temperature rise tests were respectively carried out by
using the single-circuit heating device in Patent Document 2 involved in BACKGROUND and the three-phase power-
frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid manufactured in the present
invention. Main test data is shown in Table 1 and Table 2 respectively:
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Table 1 (single-circuit)

Specification (kW) 350 420 500 600 800 1100
Winding temperature rise (K) 51.7 60.1 67.8 73.9 80.5 88.2
Protective housing temperature rise (K) 39.0 475 55.6 67.6 89.5 112.8

[0035] The protective housing refers to the protective housing 51 of the single-circuit heating device in Patent Document
2.
Table 2 (dual-circuit )
Specification (kW) 500 600 800 1100
Winding temperature rise (K) 61.5 66.3 7.7 73.8
Protective housing temperature rise (K) 26.6 271 29.8 32.5
[0036] The protective housing refers to the protective housing 51 of the dual-circuit heating device in Application

example 2 of the present invention.

[0037] Winding temperature rise: measured by using the resistance method. Referring to the national standards
GB1094.2 (Power Transformers, Part 2), an enterprise-specified temperature rise shall not exceed a rated temperature
rise 75 K.

[0038] Protective housing temperature rise: measured by using a surface contact thermometer, where a temperature
rise shall not exceed a rated temperature rise 50 K.

[0039] Inview of Table 1, applying the single-circuit heating device disclosed in Patent Document 2, the specification for
qualified operation reaches 420 kW. In view of Table 2, compared with Table 1, winding temperature rises at the same
specifications all decrease significantly, which is basically consistent with reduction in the surface heat load of the dual-
circuit. Therefore, the winding temperature rises all meet rated requirements, and the protective housing temperature rise
is greatly reduced.

(Test example 2)

[0040] Scaling comparison tests were carried out on one single-circuit heating device described in Patent Document 2
and one three-phase power-frequency dual-circuit electromagnetic induction and short-circuit heating device for liquid
heating manufactured according to the present invention. Under the condition of heating water in a same water storage
tank from 45°C to 90°C, the two devices were dissembled after being in operation for 16 months. The relevant data is
shown in Table 3:

Table 3 (Scaling test comparison)

Heating Specification cosQ Reactive Visual scaling observation (on a surface of a
device (kW) power (kVAR) | secondary-side housing)
Single-circuit | 1000 0.9805 | 38.7 Mild scale: light tan, the entire secondary-side
housing is mottled and peeling
Dual-circuit 1000 0.9702 | 58.7 No scale: the entire secondary-side housing shows
no sign of scaling
[0041] Intable 3, cose is a measured value, and the power is calculated according to a rated value, which makes the

output comparison for reactive power clearer. The tests have verified the descriptions of the aforementioned beneficial
effects (2) and (3).

[0042] In this application, by applying a method of forming a basic dual-circuit structure by combining the flow guide
members 10 and the second shell 4-2 of the three-phase power-frequency dual-circuit, electromagnetic induction and
short-circuit heating device for liquid, a three-circuit or multi-circuit induction heating device with a higher standalone
capacity can theoretically be formed on an outer side of the second shell 4-2, which are all extensions of this application
and fall within the protection scope of this application.

[0043] Inthe description of this application, although the embodiments, application examples, and test examples of this
application have been shown and described, a person of ordinary skill in the art can understand that various changes,
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modifications, substitutions, and variations can be made to these technical solutions without departing from the principle
and spirit of this application, the scope of this application is defined by the appended claims and their equivalents. For
example, the description of "liquid" in this application relates to "water", but can also be replaced with "oil" or another liquid
medium, which also falls within the protection scope of this application.

Claims

1. A three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid,
comprising: an El-shaped core (1) having a closed three-phase magnetic circuit entirely formed by laminating silicon
steel sheets, wherein primary windings, that is, three-phase primary windings (2), are respectively wound on three
core legs of the El-shaped core (1), and

further comprising: a metal housing, the metal housing comprising a first-circuit metal housing and a second-
circuit metal housing, wherein the first-circuit metal housing is arranged along the closed three-phase magnetic
circuit, to form secondary-side metal rings surrounding the core (1) and the respective primary windings (2); the
second-circuit metal housing is arranged along outer sides of secondary sides of all phases of the three core legs
of the core (1) in a first circuit; the three-phase primary windings (2), three short-circuited secondary-side metal
rings (Ua, Va, Wa) of the first circuit, three short-circuited secondary-side metal rings (Ub, Vb, Wb) of a second
circuit, and four short-circuited secondary-side metal rings respectively surrounding left and right portions of
upper and lower yokes of the core (1) are sequentially arranged around the core legs of the El-shaped core (1)
from inside to outside; the metal housing forms a dual-circuit shell structure having 10 short-circuited secondary-
side metal rings on two main heating elements inside and outside a core leg section of the core (1); and

the first-circuit metal housing and the second-circuit metal housing further comprise a first shell (4-1), a
rectangular tube (5), a second shell (4-2) and a flow guide member (10); and the second shell (4-2) and flow
guide member (10) are formed by stamping, bending, and pressing stainless steel plates with a same thickness as
those of the first shell (4-1) and the rectangular tube (5).

2. The three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid
according to claim 1, wherein the first-circuit metal housing comprises the first shell (4-1) and two rectangular tubes
(5); the second-circuit metal housing comprises the second shell (4-2) and two flow guide members (10) with folded
fins atfrontand rear ends; and a height of the second shell (4-2) is higher than heights of the folded fins of the flow guide
members (10) but lower than a height of the first shell (4-1).

3. The three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid
according to claim 2, wherein upper and lower surfaces of the flow guide member (10) in an inner cavity of the
rectangular tube (5) are welded and fixed to upper and lower inwardly folded fins of the rectangular tube (5); a straight
section of the flow guide member (10) has a uniform clearance from all sides of an inner wall of the rectangular tube (5),
which is equal to net heights of the upper and lower inwardly folded fins of the rectangular tube (5); and the front and
rear folded fins of the flow guide member (10) respectively extend out of front and rear end surfaces of the rectangular
tube (5) by a distance and are welded and fixed to the front and rear end surfaces of the rectangular tube (5).

4. The three-phase power-frequency dual-circuit, electromagnetic induction and short-circuit heating device for liquid
according to claim 2 or 3, wherein there are two rectangular tubes (5), namely, a first rectangular tube (5a) and a
second rectangular tube (5b); left and right surfaces of the first rectangular tube (5a) and the second rectangular tube
(5b) respectively form, together with the first shell (4-1), the three short-circuited secondary-side metal rings (Ua, Va,
Wa) surrounding the respective primary windings (2); there are two flow guide members (10), namely, afirst flow guide
member (10a) and a second flow guide member (10b); the first flow guide member (10a) and the second flow guide
member (10b) respectively extend out of front and rear end surfaces of the corresponding first rectangular tube (5a)
and second rectangular tube (5b) by a distance and run through front end rear surfaces of the second shell (4-2) to be
welded and fixed thereto, and the second shell (4-2) has a uniform clearance from all sides of the first shell (4-1);
hence, left and right surfaces of the two flow guide members (10) and the second shell (4-2) are respectively formed on
outer sides of the three short-circuited secondary-side metal rings (Ua, Va, Wa), and enclose, together with the three
short-circuited secondary-side metal rings (Ub, Vb, Wb) parallel thereto, the three-phase primary windings (2) to be
used as the second main heating element.

5. A method for heating a liquid by using a three-phase power-frequency dual-circuit, electromagnetic induction and
short-circuit heating device, wherein when the three-phase primary windings (2) of the three-phase power-frequency
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dual-circuit, electromagnetic induction and short-circuit heating device for liquid of claim 1 are connected to a three-
phase power-frequency power supply, high short-circuit currents are inductively generated in 10 short-circuited
secondary-side metal rings of a dual-circuit metal housing; secondary sides of all phases are conducted through a
same metal housing to generate high phase-to-phase short-circuit currents and high three-phase short-circuit
currents; under a combined effect of the two types of high currents, the dual-circuit metal housing is rapidly heated,
and generated Joule heat is transferred to a liquid medium surrounding the dual-circuit metal housing, and the metal
housing is at zero potential, and is both a protective housing and a heat dissipator of the three-phase primary windings
(2); inner and outer secondary-side short-circuit currents of all phases of the two circuits of the dual-circuithave a same
direction, while directions of adjacent magnetic flux leakages are opposite; under a condition of a short clearance
between the inner and outer secondary sides of all phases of the dual-circuit, a powerful and stable three-phase
power-frequency alternating N-S magnetic field circuit is formed; hence, magnetic flux leakages are greatly reduced,
and a temperature rise of the protective housing is correspondingly greatly decreased; and when flowing through a
channel between the inner and outer secondary sides of the dual-circuit, a liquid medium is magnetized by a powerful
alternating magnetic field while being heated, wherein magnetized water is free from scaling, and magnetized oil is
free from carbon deposition.

10
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