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(57) A water heater (100) and a corrosion preven-
tion design method therefor. The water heater (100)
comprises: an inner tank (1), which comprises a metal
tank body (11) and a first insulating layer covering the
inner wall of the metal tank body (11); a metal compo-
nent (3), which is disposed in the inner tank (1) and is
electrically connected to the metal tank body (11); and
a corrosion prevention assembly (2), comprising: an
electronic anode (21), which extends into the inner tank
(1), and a direct-current power source module (22),
which comprises a positive electrode electrically con-
nected to the electronic anode (21) and a negative
electrode electrically connected to the metal tank body
(11), and is configured to apply a weak-current voltage
between the metal tank body (11) and the electronic

anode (21), wherein the total area of an exposed metal
surface of the metal component (3) that is in direct con-
tact with water in the inner tank (1) is less than or equal
to 0.5 m2. Since the direct-current power source mod-
ule (22) applies a weak-current voltage between the
metal tank body (11) and the electronic anode (21) and
between the metal component (3) and the electronic
anode (21), corrosion prevention requirements of the
inner tank (1) and the metal component (3) can be
met, thereby reducing the risk of hydrogen evolution
explosion, reducing the potential safety hazard of elec-
tric leakage of the corrosion prevention assembly, and
reducing the difficulty of an electronic control design of
the water heater (100).
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Description

[0001] The present application claims priority of Chinese Patent Application No. 202410060201.4, filed on January
15, 2024, and entitled "Water Heater and Corrosion Prevention Design Method Therefor", the content of which should
be regarded as being incorporated herein by reference.

Technical Field

[0002] The present disclosure relates to corrosion prevention technology for an inner tank, and in particular to a
water heater and corrosion prevention design method therefor.

Background

[0003] A water heater is a common household appliance used for hot water supply. However, as the inner tank of the
water heater is exposed to a high temperature and humid environment for long time, it is prone to corrosion, thereby
affecting the service life of the water heater. To prevent corrosion of the inner tank, traditional water heaters typically
employ electronic anode protection technology.

[0004] The electronic anode is a technology that inhibits corrosion of the inner tank by applying an external current
to maintain the anode at an anodic protection potential. Conventional electronic anode typically uses a titanium rod as
a carrier, with a metal oxide coated thereon as the anode material.

[0005] The traditional electronic anode protects a surface of the enamel inner tank, where the exposed area requir-
ing corrosion inhibition is relatively small. Consequently, the required protection current and voltage are relatively low,
thereby the demand for protection current and voltage is relatively low, and the protection current generally only
requires 22.5 mA/m2 and the protection voltage generally only requires 2-3.8 V. Thus, the electronic anode can
achieve control and protection effects using weak-current electricity.

[0006] However, in order to improve heating efficiency and expand application scenarios, water heaters employ
components such as metal electric heaters and metal coils. These metal components have a large exposed area,
which increases the protection current and voltage required for the electronic anode, and consequently, leads to
problems comprising a risk of hydrogen evolution, inability of weak-current electricity to meet protection requirements,
safety hazards of electric leakage of strong-current electricity, and increased difficulty in electronic control design.

Summary

[0007] The following is a summary of the subject matter described in detail herein. This summary is not intended to
limit the protection scope of the claims.
[0008] An embodiment of the present application provides a water heater, which comprises:

an inner tank comprising a metal tank body, and a first insulating layer covering an inner wall of the metal tank
body;

a metal component disposed within the inner tank and electrically connected to the metal tank body; and
a corrosion prevention assembly comprising:
an electronic anode extending into the inner tank; and

a direct-current power source module, wherein the direct-current power source module comprises a positive
electrode electrically connected to the electronic anode and a negative electrode electrically connected to the
metal tank body, and is configured to apply a weak-current voltage between the metal tank body and the
electronic anode;

wherein a total area of an exposed metal surface of the metal component in direct contact with water in the inner
tank is less than or equal to 0.5 m2,

[0009] In an exemplary embodiment, the metal component comprises a first metal component and/or a second
metal component; the first metal component has the exposed metal surface; and a metal surface of the second metal
component is subjected to an insulation treatment to form a second insulating layer, wherein the second insulating
layer is capable of isolating the metal surface of the second metal component from the water in the inner tank.
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[0010] In an exemplary embodiment, a way for the insulation treatment of the metal surface of the second metal
component comprises: coating insulating varnish on the metal surface, coating rubber on the metal surface, coating
plastic on the metal surface, coating corrosion prevention paint on the metal surface, performing oxidation treatment
on the metal surface, performing passivation treatment on the metal surface or attaching an insulating material on the
metal surface.

[0011] In an exemplary embodiment, an output current of the direct-current power source module is less than or
equal to an output current upper limit value, and the output current upper limit value is calculated using a following
formula:

n N
I:IO xA0+ZIixAi+Z]ixai
1 1

wherein:

| is the output current upper limit value;

lo is a protective current density of the inner tank;

A is an area of the inner wall of the metal tank body covered by the first insulating layer;

l; is a protective current density of an exposed metal surface of an i-th first metal component;

A; is an area of an exposed metal surface of the i-th first metal component in direct contact with the water in the
inner tank;

n is a number of first metal components;

J; is a protective current density of a metal surface of an i-th second metal component covered by the second
insulating layer;

a; is an area of the metal surface of the i-th second metal component covered by the second insulating layer; and
N is a number of second metal components.

[0012] In an exemplary embodiment, the protective current density |, of the inner tank is a maximum value of self-
corrosion current densities of the inner tank in an aqueous solution;

the protective current density |; of the i-th first metal component is a maximum value of self-corrosion current
densities of the exposed metal surface of the i-th first metal component in the aqueous solution;

the protective current density J; of the i-th second metal component is a maximum value of self-corrosion current
densities of the metal surface of the i-th second metal component covered by the second insulating layer in the
aqueous solution;

wherein, a temperature of the aqueous solution is within a temperature range which is designed for use of the
inner tank, and a conductivity of the aqueous solution is 400-2000 pnS/cm.

[0013] In an exemplary embodiment, an output voltage of the direct-current power source module is less than or
equal to an output voltage upper limit value, and the output voltage upper limit value is calculated using the following
formula:

N

n
E=1X RO +Rshui+ZRi+zri
1

1

wherein:

E is the output voltage upper limit value;

| is the output current upper limit value;

R, is a polarization resistance of the electronic anode;

Rgpyiis a resistance of the water in the inner tank;

R; is a cathode polarization resistance of the i-th first metal component;

n is the number of the first metal components;

r;is a cathode polarization resistance of the i-th second metal component;
N is the number of the second metal components.
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[0014] In an exemplary embodiment, the polarization resistance R, of the electronic anode is a slope of a polariza-
tion curve of the electronic anode in an aqueous solution at a corrosion potential; the cathode polarization resistance
R; of the i-th first metal component is a slope of a polarization curve of the i-th first metal component in the aqueous
solution at a corrosion potential; the cathode polarization resistance r; of the i-th second metal component is a slope of
a polarization curve of the i-th second metal component in the aqueous solution at a corrosion potential; wherein, a
temperature of the aqueous solution is within a temperature range which is designed for use of the inner tank, and a
conductivity of the aqueous solution is 400-2000 wS/cm.

[0015] In an exemplary embodiment, the inner tank is constructed as a cylindrical tank-shaped structure, and the
resistance Rgy,,,; of the water in the inner tank is calculated using the following formula:

4pH
Ropyi = m

wherein:

Rgpuiis the resistance of the water of the inner tank;
p is a density of the water of the inner tank;

H is a height of the inner tank; and

D is a diameter of the inner tank.

[0016] In an exemplary embodiment, the output current of the direct-current power source module is less than or
equal to 200 mA and the output voltage of the direct-current power source module is less than or equal to 4 V.

[0017] In an exemplary embodiment, the output current upper limit value is greater than 200 mA, and a plurality of
corrosion prevention assemblies are provided.

[0018] An embodiment of the present application also proposes a corrosion prevention design method for a water
heater. The water heater comprises an inner tank and a metal component disposed in the inner tank, the inner tank
comprises a metal tank body electrically connected to the metal component and a first insulating layer covering an
inner wall of the metal tank body. The corrosion prevention design method comprises: performing insulation treatment
on at least a portion of an exposed metal surface of the metal component based on a total area of the exposed metal
surface of the metal component in direct contact with water in the inner tank greater than 0.5 m2, so that the total area
of the exposed metal surface of the metal component in direct contact with the water in the inner tank is less than or
equal to 0.5 m2,

[0019] In an exemplary embodiment, the corrosion prevention design method further comprises: performing insula-
tion treatment on at least a portion of the exposed metal surface of the metal component to form a second insulating
layer covering the at least a portion of the exposed metal surface of the metal component based on the total area of
the exposed metal surface of the metal component in direct contact with water in the inner tank greater than 0.5 m2, so
that the total area of the exposed metal surface of the metal component in direct contact with the water in the inner
tank is less than or equal to 0.5 m2.

[0020] In an exemplary embodiment, determining an output current upper limit value according to a protective
current density of the inner tank, an area of an inner wall of the metal tank body covered by the first insulating layer, a
protective current density of an exposed metal surface of each first metal component, and an area of an exposed
metal surface of each first metal component in direct contact with the water in the inner tank, based on the total area of
the exposed metal surface of the metal component in direct contact with the water in the inner tank less than or equal
to 0.5 m2, and the metal component only comprising first metal components having exposed metal surfaces; and
setting an output current of a direct-current power source module to be less than or equal to the output current upper
limit value.

[0021] In an exemplary embodiment, the corrosion prevention design method further comprises: determining an
output voltage upper limit value according to the output current upper limit value, a polarization resistance of an
electronic anode, a resistance of the water in the inner tank, and a cathode polarization resistance of each first metal
component, based on the total area of the exposed metal surface of the metal component in direct contact with the
water in the inner tank less than or equal to 0.5 m2, and the metal component only comprising first metal components
having exposed metal surfaces; and setting an output voltage of the direct-current power source module to be less
than or equal to the output voltage upper limit value.

[0022] In an exemplary embodiment, the corrosion prevention design method further comprises: after performing the
insulation treatment on the at least a portion of the exposed metal surface of the metal component, the metal
component comprises a first metal component having an exposed metal surface and a second metal component,
wherein a metal surface of the second metal component has undergone the insulation treatment;
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determining an output current upper limit value according to a protective current density of the inner tank, an area
of an inner wall of the metal tank body covered by the first insulating layer, a protective current density of an
exposed metal surface of each first metal component, an area of an exposed metal surface of each first metal
component in direct contact with the water in the inner tank, a protective current density of a metal surface of each
second metal component covered by the second insulating layer, and an area of the metal surface of each second
metal component covered by the second insulating layer; and setting an output current of a direct-current power
source module to be less than or equal to the output current upper limit value; and

determining an output voltage upper limit value according to the output current upper limit value, a polarization
resistance of an electronic anode, a resistance of the water in the inner tank, a cathode polarization resistance of
each first metal component, and a cathode polarization resistance of each second metal component, and setting
an output voltage of the direct-current power source module to be less than or equal to the output voltage upper
limit value.

[0023] In the technical solution of the present application, when water is contained in the inner tank, the water is
conductive due to impurities dissolved in the water, and the inner tank, the electronic anode, and the metal component
are all in contact with the water. The direct-current power source module applies a positive voltage on the electronic
anode, and applies a negative voltage on the metal tank body and the metal component, thereby forming a circuit
between the electronic anode, the metal component, the metal tank body, the water and the direct-current power
source module. The current output by the positive electrode of the direct-current power source module flows through
the electronic anode and the water to reach the metal component and the metal tank body, and finally returns to the
negative electrode of the direct-current power source module. In this process, the direct-current power source module
outputs electrons to the metal tank body and the metal component, which serve as the cathode. These electrons are
provided to substances in the water that can undergo chemical reactions with the metal tank body and the metal
component to perform electrochemical reactions, thereby preventing the corrosion of the metal tank body and the
metal component.

[0024] Furthermore, since the first insulating layer covers the inner wall of the metal tank body, and the total area of
the exposed metal surface of the metal component that is in direct contact with the water in the inner tank is less than
or equal to 0.5 m2, the total area of the exposed metal surface in direct contact with the water in the inner tank is
relatively small. Therefore, applying a weak-current voltage between the metal tank body and the electronic anode, as
well as between the metal component and the electronic anode, by the direct-current power source module can meet
the corrosion prevention requirements of the inner tank and the metal component, which reduces the risk of hydrogen
evolution and explosion, mitigates the safety hazard of electrical leakage in the corrosion prevention assembly, and
also lowers the difficulty of electronic control design for the water heater.

[0025] Other features and advantages of the present application will be set forth in the description which follows, and
in part will become apparent from the description, or may be learned by practice of the present application. Other
advantages of the present application may be achieved and obtained through solutions described in the description
and drawings.

[0026] Other aspects will become apparent after reading and understanding the drawings and detailed description.

Brief Description of Drawings

[0027] Accompanying drawings are used to provide understanding of technical solutions of the present application,
and constitute a portion of the description. They are used together with embodiments of the present application to
explain the technical solutions of the present application, and do not constitute a restriction on the technical solutions
of the present application.

FIG. 1 is a schematic diagram of a structure of a water heater in an embodiment of the present application.

FIG. 2 is a schematic diagram of measurement points of an inner tank in an embodiment of the present applica-
tion.

Detailed Description

[0028] A plurality of embodiments are described in the present application, but the description is exemplary and not
restrictive, and it will be apparent to those skilled in the art, there may be more embodiments and implementations
within the scope of the embodiments described in the present application. Although many possible combinations of
features are shown in the drawings and discussed in the detailed implementations, many other combinations of the
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disclosed features are also possible. Unless specifically limited, any feature or element of any embodiment may be
used in combination with, or may be substituted for, any other feature or element of any other embodiment.

[0029] The present application comprises and contemplates combinations with features and elements known to
those of ordinary skills in the art. The embodiments, features and elements already disclosed herein may also be
combined with any conventional features or elements to form unique inventive schemes. Any feature or element of any
embodiment may also be combined with features or elements from other inventive schemes to form another unique
inventive scheme. Accordingly, it should be understood that any of the features shown and/or discussed in the present
application may be implemented alone or in any suitable combination. Therefore, the embodiments are not limited
other than limitations in accordance with the appended claims and their equivalents. Furthermore, various modifica-
tions and changes may be made within the scope of the appended claims.

[0030] Further, when representative embodiments are described, a method and/or process may have been pre-
sented as steps in a particular sequence in the specification. However, to an extent that the method or process does
not depend on the particular sequence of the steps herein, the method or process should not be limited to the steps in
the particular sequence. Those of ordinary skills in the art will understand that other sequences of steps may also be
possible. Therefore, the particular sequence of the steps illustrated in the specification should not be interpreted as a
limitation on claims. In addition, the claims directed to the method and/or process should not be limited to performing
the steps according to the written sequence. Those skilled in the art may easily understand that these sequences may
be changed, and the method and/or process in the changed sequence are still in the essence and scope of the
embodiments of the present application.

[0031] As shown in FIG. 1, FIG. 1 shows a structure of a water heater 100 in an embodiment of the present
application. The water heater 100 comprises an inner tank 1, a water inlet pipe 4, a water outlet pipe 5, a metal
component 3 and a corrosion prevention assembly 2.

[0032] The innertank 1 is used to hold water, which may be tap water. The inner tank 1 comprises a metal tank body
11, afirst insulating layer and a joint 12. The metal tank body 11 serves as a skeleton structure of the inner tank 1. The
metal tank body 11 is made of metal, which can be iron, iron alloy, copper or copper alloy. The metal tank body 11 is
formed, for example, by welding steel plates, which may be carbon steel plates or stainless steel plates. The metal
tank body 11 may be constructed to be cylindrical, capsule-shaped, box-shaped, or spherical. The inner wall of the
metal tank body 11 is provided with the first insulating layer. The first insulating layer covers the entire inner wall of the
metal tank body 11. The first insulating layer is made of an insulating material, which may be ceramics, glass, plastic,
rubber, silicone, etc. In the present embodiment, the first insulating layer is an enamel layer, which is an insulating
layer formed by fusing and solidifying an inorganic glass material onto the inner wall of the metal tank body 11. The
first insulating layer can separate the water in the inner tank 1 from the metal tank body 11, so that the water in the
inner tank 1 is difficult to corrode the metal tank body 11. The metal tank body 11 is provided with a through hole, and
the joint 12 is inserted through the through hole of the metal tank body 11 and connected to the metal tank body 11.
The joint 12 may be made of metal and is electrically conductive with the metal tank body 11. The joint 12 may be
welded to the metal tank body 11. The joint 12 may be constructed as a tubular structure, with one end located inside
the metal tank body 11 and the other end located outside the metal tank body 11. The end of the joint 12 facing
towards the interior of the metal tank body 11 may be provided with threads, which may be internal threads or external
threads. Multiple through holes may be provided on the metal tank body 11, and a joint 12 is provided at each through
hole. The joints 12 may be provided on the side wall of the metal tank body 11. The multiple joints 12 may comprise a
water inlet joint 121 and a water outlet joint 122. The height of the water inlet joint 121 may be lower than that of the
water outlet joint 122.

[0033] The water inlet pipe 4 and the water outlet pipe 5 are both arranged in the inner tank 1. The water inlet pipe 4
may be arranged below the water outlet pipe 5. One end of the water inlet pipe 4 is connected to the water inlet joint
121, and the other end of the water inlet pipe 4 extends toward the top of the inner tank 1. One end of the water outlet
pipe 5 is connected to the water outlet joint 122, and the other end of the water outlet pipe 5 extends toward the bottom
of the inner tank 1. The water inlet pipe 4 is configured to inject water into the inner tank 1, and the water outlet pipe 5
is configured to drain away the water from the inner tank 1. The end of the water inlet joint 121 facing outward from the
inner tank 1 is configured to be connected to an external tap water supply pipeline, and the end of the water outlet joint
122 facing outward from the inner tank 1 is configured to be connected to an external hot water usage pipeline.
[0034] The metal component 3 is made of metal material, which may be iron, iron alloy, copper or copper alloy. The
metal component 3 is disposed in the inner tank 1 and connected to the joint 12 of the inner tank 1. The metal
component 3 is fixed onto the metal tank body 11 via the joint 12. The joint 12 electrically connects the metal
component 3 and the metal tank body 11. The connection between the metal component 3 and the joint 12 may be a
threaded connection or a welded connection. The number of metal components 3 may be one or multiple. The metal
component 3 comprises a heat exchanger and an electric heater. The heat exchanger comprises a heat exchange
tube. The heat exchange tube may be a copper tube or a steel tube. The heat exchange tube may be constructed as a
coiled tube, which may be a tubular structure constructed in a spiral shape. The joint 12 may also comprise a heat
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exchange joint 124 and an electric heating joint 123. Two heat exchange joints 124 may be provided, and the two heat
exchange joints 124 are respectively connected to opposite ends of the coiled tube. A high-temperature refrigerant is
input into one end of the heat exchange tube, and the refrigerant exchanges heat with the water in the inner tank 1
when flowing through the heat exchange tube, thereby heating the water in the inner tank 1. The electric heater is
installed on the electric heating joint 123. The electric heater is configured to convert electric energy into thermal
energy, thereby heating the water inside the inner tank 1. The electric heater may comprise a metal outer cover and
an electric heating wire, the metal outer cover may be a tubular outer cover, the metal outer cover may be a stainless
steel outer cover, the electric heating wire is insulated from the metal outer cover and disposed in the metal outer
cover, wherein the metal outer cover is electrically conductive with the metal tank body 11, and the electric heating
wire is configured to be connected to an external power source to generate heat. A plurality of electric heaters may be
provided, and the plurality of electric heaters are connected to a plurality of electric heating joints 123 respectively. A
total area of exposed metal surface of the metal component 3 in direct contact with the water in the inner tank 1 is less
than or equal to 0.5 m2,

[0035] The corrosion prevention assembly 2 comprises an electronic anode 21 and a direct-current power source
module 22. The electronic anode 21 is a conductor. The shape of the electronic anode 21 is not limited and may be
rod-shaped, ring-shaped, spherical or annular. In the present embodiment, the electronic anode 21 is constructed in a
shape of a straight strip. One end of the electronic anode 21 is fixed on the top of the inner tank 1 and is not in direct
contact with the metal tank body 11 of the inner tank 1. The metal tank body 11 of the inner tank 1 and the electronic
anode 21 may be separated by an insulating member, which may be constructed as a sleeve structure, and the
insulating member is sleeved on the end of the electronic anode 21 close to the top of the inner tank 1. The electronic
anode 21 may be disposed on a central axis of the inner tank 1. The electronic anode 21 may be made of corrosion-
resistant metal.

[0036] The direct-current power source module 22 comprises a positive electrode and a negative electrode. The
direct-current power source module 22 may be disposed outside the inner tank 1. The positive electrode of the direct-
current power source module 22 is electrically connected to the electronic anode 21 through a wire. The negative
electrode of the direct-current power source module 22 is electrically connected to the metal tank body 11 of the inner
tank 1 through a wire. The positive electrode of the direct-current power source module 22 outputs a positive voltage,
and the negative electrode of the direct-current power source module 22 outputs a negative voltage. The voltage
output by the direct-current power source module 22 is a weak-current voltage. The weak-current voltage is a direct-
current voltage less than or equal to 36 V.

[0037] When water is contained in the inner tank 1, the water is conductive due to impurities dissolved in the water,
and the inner tank 1, the electronic anode 21, and the metal component 3 are all in contact with the water. The direct-
current power source module 22 applies a positive voltage on the electronic anode 21 and a negative voltage on the
metal tank body 11 and the metal component 3, thereby forming a circuit between the electronic anode 21, the metal
component 3, the metal tank body 11, water and the direct-current power source module 22. The current output from
the positive electrode of the direct-current power source module 22 flows through the electronic anode 21 and the
water to reach the metal component 3, the joint 12 and the metal tank body 11, and finally returns to the negative
electrode of the direct-current power source module 22. In this process, the direct-current power source module 22
outputs electrons to the metal tank body 11, the joint 12 and the metal component 3, which serve as the cathode.
These electrons are provided to substances in the water that can undergo chemical reactions with the metal tank body
11, the joint 12 and the metal component 3 to perform electrochemical reactions, thereby preventing the corrosion of
the metal tank body 11, the joint 12 and the metal component 3.

[0038] Since the first insulating layer covers the inner wall of the metal tank body 11, and the total area of the
exposed metal surface of the metal component 3 that is in direct contact with the water in the inner tank 1 is less than
or equal to 0.5 m2, the total area of the exposed metal surface in direct contact with the water in the inner tank 1 is
relatively small, applying a weak-current voltage between the metal tank body 11 and the electronic anode 21, as well
as between the metal component 3 and the electronic anode, by the direct-current power source module 22 can meet
corrosion prevention requirements of the inner tank 1 and the metal component 3, which reduces the risk of hydrogen
evolution and explosion, mitigates the safety hazard of electrical leakage in the corrosion prevention assembly 2, and
also lowers the difficulty of electronic control design for the water heater 100.

[0039] In an exemplary embodiment, the metal component 3 only comprises the first metal component 31. The first
metal component 31 has an exposed metal surface, which is in direct contact with the water in the inner tank 1. There
may be one or a plurality of first metal components 31. The total area of exposed metal surfaces of all first metal
components 31 is less than or equal to 0.5 m2,

[0040] Since the metal tank body 11 is electrically connected to the first metal component 31, the metal tank body 11
is electrically connected to the negative electrode of the direct-current power source module 22, and the electronic
anode 21 is electrically connected to the positive electrode of the direct-current power source module 22, the direct-
current power source module 22 can apply a negative voltage to the metal tank body 11 and the first metal component
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31, and a positive voltage to the electronic anode 21, thereby preventing the metal tank body 11 and the first metal
tank body 11 from being corroded by water.

[0041] The direct-current power source module 22 is configured with an output current upper limit value. An output
current of the direct-current power source module 22 is less than or equal to the output current upper limit value. The
output current upper limit value is calculated using the following formula:

n
I=IO><A0+in><Ai (1)
1

Herein:

| is the output current upper limit value, in units of A;

lo is a protective current density of the inner tank 1, in units of AlmZ;

A, is an area of the inner wall of the metal tank body 11 covered by the first insulating layer, in units of m2;

|;is a protective current density of the i-th first metal component 31, in units of A/m2;

A; is an area of the exposed metal surface of the i-th first metal component 31 in direct contact with the water in
the inner tank 1, in units of m2;

n is a number of first metal components 31.

[0042] An output voltage of the direct-current power source module 22 is less than or equal to an output voltage
upper limit value, and the output voltage upper limit value is calculated according to the following formula:

n

E=1X R0+Rshui+ZRi
1 (2)

Herein:

| is the output current upper limit value, in units of A;

R, is a polarization resistance of the electronic anode 21, in units of Q;

Rgpyiis a resistance of the water in the inner tank 1, in units of Q;

R; is a cathode polarization resistance of the i-th first metal component 31, in units of Q;
n is the number of first metal components 31.

[0043] In this way, when a current output by the direct-current power source module 22 is less than or equal to the
output current upper limit value, and a voltage output by the direct-current power source module 22 is less than or
equal to the output voltage upper limit value, the current output by the direct-current power source module 22 mainly
provides a protection current for the metal tank body 11, the joint 12 and the first metal component 31, so that the
metal tank body 11, the joint 12 and the first metal component 31 are not corroded, and water is not electrolyzed to
generate hydrogen, which can prevent occurrence of explosion due to hydrogen evolution.

[0044] This example also presents a validation test as follows.

[0045] The protection current density of the inner tank 1 is 12 mA/m2. The area of the inner wall of the metal tank
body 11 covered by the first insulating layer is 1.85 m2. The first metal component 31 is an electric heater, and the
protective current density of the first metal component 31 is 70 mA/mZ2. The area of the exposed metal surface of the
first metal component 31 in direct contact with the water in the inner tank 1 is 0.025 m2. At 20 °C, when the resistivity of
the water in the inner tank 1 is 0.055 Q-m, it may be calculated to obtain the output current upper limit value of 23.95
mA and the output voltage upper limit value of 2.8 V.

[0046] When the direct-current power source module 22 outputs the current according to the output current upper
limit value and the output voltage upper limit value, the protection potentials at five positions on the outer wall of the
inner tank 1 are measured. The test points are shown in FIG. 2, which meet the protection potential requirement, that
is, a protection potential range of -850 to -1100 mV.
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Table 1 Protection potential (vs. SCE) test results of the inner tank 1

Position 1# 2# 3# 4# 5#
Voltage -905 mV -925 mV -957 mV -923 mV -964 mV

[0047] In an exemplary embodiment, the metal component 3 comprises the first metal component 31 and a second
metal component. The first metal component 31 has an exposed metal surface that is in direct contact with the water
in the inner tank 1. There may be one or a plurality of first metal components 31. The total area of exposed metal
surfaces of all first metal components 31 is less than or equal to 0.5 mZ2,

[0048] The metal surface of the second metal component 32 is subjected to insulation treatment to form a second
insulating layer. The way for the insulation treatment of the metal surface of the second metal component 32 com-
prises coating insulating varnish on the metal surface, coating rubber on the metal surface, coating plastic on the
metal surface, coating corrosion prevention paint on the metal surface, performing oxidation treatment on the metal
surface, performing passivation treatment on the metal surface or attaching an insulating material on the metal sur-
face. The second insulating layer may be an insulating varnish layer, a plastic layer or a corrosion prevention paint
layer coated on the metal surface of the second metal component 32. The second insulating layer may also be an
insulating material layer attached to the metal surface of the second metal component 32, such as a glass layer, a
rubber layer or a silicone layer. The second insulating layer may also be a metal oxide layer covering the second metal
component 32. The second insulating layer may separate the metal surface of the second metal component 32 from
the water in the inner tank 1. The second insulating layer can greatly slow down the corrosion rate of the second metal
component 32. When the second metal component 32 is immersed in the water in the inner tank 1, a certain leakage
current may be generated between the metal part of the second metal component 32 and the water, leading to the
slow corrosion of the second metal component 32.

[0049] Since the metal tank body 11 is electrically connected to the first metal component 31 and the second metal
component 32, the metal tank body 11 is electrically connected to the negative electrode of the direct-current power
source module 22, and the electronic anode 21 is electrically connected to the positive electrode of the direct-current
power source module 22, the direct-current power source module 22 may apply a negative voltage to the metal tank
body 11, the first metal component 31 and the second metal component 32, and apply a positive voltage to the
electronic anode 21, which can prevent the metal tank body 11, the first metal tank body 11 and the second metal
component from being corroded by water.

[0050] The output current of the direct-current power source module 22 is less than or equal to the output current
upper limit value, and the output current upper limit value is calculated using the following formula:

n N
I:IO XAO+ZIiXAi+Z]ixai
1 1 (3)

Herein:

| is the output current upper limit value, in units of A;

lo is the protective current density of the inner tank 1, in units of A/m2;

A, is the area of the inner wall of the metal tank body 11 covered by the first insulating layer, in units of m2;

I; is the protective current density of the i-th first metal component 31, in units of A/mZ2;

A; is the area of the exposed metal surface of the i-th first metal component 31 in direct contact with the water in
the inner tank 1, in units of m2;

n is a number of first metal components 31;

J; is a protective current density of the i-th second metal component 32, in units of A/m2;

a; is an area of a metal surface of the i-th second metal component 32 covered by the second insulating layer, in
units of m2;

N is a number of second metal components 32.

[0051] The output voltage of the direct-current power source module 22 is less than or equal to the output voltage
upper limit value, and the output voltage upper limit value is calculated using the following formula:
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n N
E=1x R0+R5hui+zRi+Zri
1 1

(4)
Herein:

E is the output voltage upper limit, in units of V;

| is the output current upper limit value, in units of A;

R, is the polarization resistance of the electronic anode 21, in units of Q;

Rgpyiis the resistance of the water in the inner tank 1, in units of Q;

R; is the cathode polarization resistance of the i-th first metal component 31, in units of Q;
n is the number of first metal components 31;

r;is a cathode polarization resistance of the i-th second metal component 32, in units of Q;
N is the number of second metal components 32.

[0052] In this way, when the current output by the direct-current power source module 22 is less than or equal to the
output current upper limit value, and the voltage output by the direct-current power source module 22 is less than or
equal to the output voltage upper limit value, the current output by the direct-current power source module 22 is mainly
used to protect the metal tank body 11, the joint 12, various first metal components 31 and various second metal
components 32 from corrosion, and water is not electrolyzed to generate hydrogen, which can prevent occurrence of
explosion due to hydrogen evolution.

[0053] Meanwhile, when the total area of the exposed metal surface of the metal component 3 is greater than 0.5
m2, the total area of the exposed metal surface of the metal component 3 may be reduced by performing insulation
treatment on part or all of the exposed metal surface of the metal component 3, so that the total area of the exposed
metal surface of the metal component 3 is less than or equal to 0.5 m2, thereby achieving the protection of the inner
tank 1 and the metal component 3 by applying a weak-current voltage.

[0054] This example also provides a validation test as follows.

[0055] The protective current density of the inner tank 1 is 12 mA/m2, the area of the inner wall of the metal tank
body 11 covered by the first insulating layer is 1.85 m2. The first metal component 31 is an electric heater, and the
protective current density of the first metal component 31 is 70 mA/mZ2. The area of the exposed metal surface of the
first metal component 31 in direct contact with the water in the inner tank 1 is 0.025 m2. The second metal component
32 is a heat exchanger, and the protective current density of the second metal component 32 is 12 mA/mZ2. The area of
the metal surface of the second metal component 32 covered by the second insulating layer is 0.32 m2. At 20 °C,
when the resistivity of the water in the inner tank 1 is 0.055 Q2-m, it may be calculated to obtain the output current
upper limit value of 27.79 mA and the output voltage upper limit value of 3.2 V.

[0056] When the direct-current power source module 22 outputs the current according to the output current upper
limit value and the output voltage upper limit value, the protection potentials at five positions on the outer wall of the
inner tank 1 are measured. The test points are shown in FIG. 2, which meet the protection potential requirement, that
is, a protection potential range of -850 to -1100 mV.

Table 2 Protection potential (vs. SCE) test results of the inner tank 1

Position 1# 2# 3# 4# 5#
Voltage -1002 mV -975 mV -997 mV -982 mV -989 mV

[0057] In one exemplary embodiment, the protective current density | of the inner tank 1 is the maximum value of
self-corrosion current densities of the inner tank 1 in an aqueous solution within a temperature range which is
designed for use of the inner tank 1 and having a conductivity of 400-2000 wS/cm. A portion of the inner tank 1 as a
sample may be cut from the inner tank 1, and the side of the sample of the inner tank 1 provided with the first
insulating layer is immersed in an aqueous solution within a temperature range which is designed for use of the inner
tank 1 and having a conductivity of 400-2000 nS/cm. Then, an electrochemical workstation is used to measure the
maximum value of the self-corrosion current densities of the sample of the inner tank 1. The temperature range which
is designed for use of the inner tank 1 may be -10 °C to 85 °C.

[0058] The protective current density I; of the i-th first metal component 31 is the maximum value of the self-
corrosion current densities of the exposed metal surface of the i-th first metal component 31 in an aqueous solution
within the temperature range which is designed for use of the inner tank 1 and having a conductivity of 400-2000
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wS/cm. A portion of the i-th first metal component 31 as a sample may be cut from the i-th first metal component 31,
and the exposed metal surface of the sample of the i-th first metal component 31 is immersed in an aqueous solution
within the temperature range which is designed for use of the inner tank 1 and having a conductivity of 400-2000
wS/ecm. Then, an electrochemical workstation is used to measure the maximum value of the self-corrosion current
density of the exposed metal surface of the sample of the i-th first metal component 31.

[0059] The protective current density J; of the i-th second metal component 32 is the maximum value of the self-
corrosion current densities of the metal surface of the i-th second metal component 32 covered by the second
insulating layer, in an aqueous solution within the temperature range which is designed for use of the inner tank 1
and having a conductivity of 400-2000 wS/cm. A portion of the i-th second metal component 32 as a sample may be
cut from the i-th second metal component 32, and the second insulating layer and the metal surface covered by the
second insulating layer of the sample of the i-th second metal component 32 are immersed in an aqueous solution
within the temperature range which is designed for use of the inner tank 1 and having a conductivity of 400-2000
wS/cm. Then, an electrochemical workstation is used to measure the maximum value of the self-corrosion current
densities of the metal surface of the sample of the i-th second metal component 32 covered by the second insulating
layer.

[0060] Due to variations in the water quality of household water across different regions, such as differences in the
composition and content of dissolved substances in the household water, resulting in different conductivities, the
conductivity of household water generally ranges from 400 to 2000 wS/cm. The aforementioned output current upper
limit value is the maximum of the protective current required for the inner tank 1, which prevents the household water
from corroding the inner tank 1, the first metal component 31, and the second metal component 32 during the
operation of the water heater 100, a sum of the protective current required for the first metal component 31, and the
protective current required for the second metal component 32. Therefore, when the output current of the direct-
current power source module 22 is less than or equal to the above-mentioned output current upper limit value, the
output current of the direct-current power source module 22 is used to form protective current for the inner tank 1, the
first metal component 31, and the second metal component 32, without electrolyzing water to generate hydrogen,
thereby further preventing electrolysis of the household water in the inner tank 1 that could lead to a hydrogen
explosion.

[0061] In one exemplary embodiment, the polarization resistance R, of the electronic anode 21 is the slope of a
polarization curve of the electronic anode 21 at the corrosion potential in an aqueous solution within a temperature
range which is designed for use of the inner tank 1 and having a conductivity of 400-2000 nS/cm. The temperature
range which is designed for use of the inner tank 1 may be from -10°C to 85°C. The polarization curve of the electronic
anode 21 is a curve representing the relationship between the electrode potential and the polarization current, where
the horizontal axis of the polarization curve is the electrode potential and the vertical axis is the polarization current.
The polarization curve of the electronic anode 21 may be directly measured by immersing the electronic anode 21 in
an aqueous solution within the temperature range which is designed for use of the inner tank 1 and having a
conductivity of 400-2000 pn.S/cm. The corrosion potential of the electronic anode 21 is a potential measured when the
electronic anode 21 reaches a stable corrosion state in an aqueous solution within the temperature range which is
designed for use of the inner tank 1 and having a conductivity of 400-2000 pnS/cm, without any applied external
current. The slope of the tangent to the polarization curve of the electronic anode 21 at the corrosion potential of the
electronic anode 21 is the polarization resistance of the electronic anode 21. In this embodiment, the electronic anode
21 comprises an anode body and an MMO coating (mixed metal oxide coating). The anode body may be constructed
in a strip shape. The anode body is made of titanium or a titanium alloy. The anode body may be made of TA1 material
or TA2 material. Titanium or a titanium alloy has good electrical conductivity and corrosion resistance, is not easily
corroded after long-term immersion in tap water, and does not affect water quality. The MMO coating is applied to the
outer surface of the anode body. The MMO coating has excellent corrosion resistance and can extend the service life
of the electronic anode 21. Since the MMO coating separates the anode body from the water, the polarization
resistance of the electronic anode 21 is the polarization resistance of the MMO coating.

[0062] The cathode polarization resistance R; of the i-th first metal component 31 is the slope of the polarization
curve of the i-th first metal component 31 at the corrosion potential in an aqueous solution within the temperature
range which is designed for use of the inner tank 1 and having a conductivity of 400-2000 wS/cm. The polarization
curve of the i-th first metal component 31 may be directly measured by immersing the i-th first metal component 31 in
an aqueous solution within the temperature range which is designed for use of the inner tank 1 and having a
conductivity of 400-2000 p.S/cm. The corrosion potential of the i-th first metal component 31 is a potential measured
when the i-th first metal component 31 reaches a stable corrosion state in an aqueous solution within the temperature
range which is designed for use of the inner tank 1 and having a conductivity of 400-2000 nS/cm, without any applied
external current. The slope of the tangent to the polarization curve of the i-th first metal component 31 at the corrosion
potential of the i-th first metal component 31 is the polarization resistance of the i-th first metal component 31.

[0063] The cathode polarization resistance r; of the i-th second metal component 32 is the slope of the polarization
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curve of the i-th second metal component 32 at the corrosion potential in an aqueous solution within the temperature
range which is designed for use of the inner tank 1 and having a conductivity of 400-2000 wS/cm. The polarization
curve of the i-th second metal component 32 may be directly measured by immersing the i-th second metal compo-
nent 32 in an aqueous solution within the temperature range which is designed for use of the inner tank 1 and having a
conductivity of 400-2000 wS/cm. The corrosion potential of the i-th second metal component 32 is the potential
measured when the i-th second metal component 32 reaches a stable corrosion state in an aqueous solution within
the temperature range which is designed for use of the inner tank 1 and having a conductivity of 400-2000 wS/cm,
without any applied external current. The slope of the tangent to the polarization curve of the i-th second metal
component 32 at the corrosion potential of the i-th second metal component 32 is the polarization resistance of the i-
th second metal component 32.

[0064] The innertank 1 is constructed as a cylindrical tank-shaped structure, and the resistance Ry, ,; of the water in
the inner tank 1 is calculated using the following formula:

4pH
shui D2
Herein:
Rgpyi 18 the resistance of the water in the inner tank 1, in units of Q;

p is the density of the water in the inner tank 1, in units of kg/m3;
H is the height of the inner tank 1, in units of m;
D is the diameter of the inner tank 1, in units of m.

[0065] In this way, the output voltage upper limit value of the direct-current power source module 22 is matched with
the output current upper limit value of the direct-current power source module 22, that is, when the output voltage of
the direct-current power source module 22 reaches the output voltage upper limit value, the output current of the
direct-current power source module 22 reaches the output current upper limit value. Furthermore, since the output
current upper limit value is the maximum of the protective current required for the inner tank 1, which prevents the
household water from corroding the inner tank 1, the first metal component 31, and the second metal component 32
during the operation of the water heater 100, a sum of the protective current required for the first metal component 31,
and the protective current required for the second metal component 32, when the output voltage of the direct-current
power source module 22 is less than or equal to the aforementioned output voltage upper limit value, the output
current of the direct-current power source module 22 is used to form protective currents for the inner tank 1, the first
metal component 31, and the second metal component 32, without electrolyzing water to generate hydrogen, thereby
further preventing electrolysis of the household water in the inner tank 1 that could lead to a hydrogen explosion.
[0066] In one exemplary embodiment, the output current of the direct-current power source module 22 is less than
or equal to 200 mA, and the output current of the direct-current power source module 22 is less than or equal to the
output current upper limit value. The output voltage of the direct-current power source module 22 is less than or equal
to 4 V, and the output voltage of the direct-current power source module 22 is less than or equal to the output voltage
upper limit value.

[0067] The output current of the direct-current power source module 22 is less than or equal to 200 mA, and the
output voltage of the direct-current power source module 22 is less than or equal to 4 V, so that no hydrogen evolution
reaction occurs at the metal tank body 11 and the metal components 3 serving as the cathode, further reducing the
possibility of hydrogen evolution explosion.

[0068] In one exemplary embodiment, when the output current upper limit value of the direct-current power source
module 22 is greater than 200 mmA, that is, when the maximum value of the protective current required by the inner
tank 1 and the sum of the protective current of the metal component 3 is greater than 200 mA, multiple corrosion
prevention components 2 are provided.

[0069] Since the maximum value of the sum of the protective currents required for the inner tank 1 and the metal
components 3 is relatively large, multiple corrosion prevention assemblies 2 may be arranged to simultaneously apply
protective currents to the metal tank body 11 and the metal components 3, which not only avoids a case in which a
single corrosion prevention assembly 2 cannot provide a sufficiently large protective current, but also avoids hydrogen
evolution explosion caused by an excessively high output voltage of the direct-current power source module 22 of a
single corrosion prevention assembly 2.

[0070] The present embodiment also proposes a corrosion prevention design method for the water heater 100. The
water heater 100 comprises an inner tank 1 and a metal component 3. The metal component 3 is arranged in the inner
tank 1. The inner tank 1 comprises a metal tank body 11 and a first insulating layer, and the first insulating layer covers
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the inner wall of the metal tank body 11. The metal component 3 is electrically connected to the metal tank body 11.
[0071] The corrosion prevention design method comprises the following steps.

[0072] In step S1, it is determined whether the total area of the exposed metal surface of the metal component 3 in
direct contact with the water in the inner tank 1 is greater than 0.5 m2, if so, proceeding to step S2.

[0073] In step S2, an insulation treatment is performed on at least a portion of the exposed metal surface of the
metal component 3 to cover it with a second insulating layer, so that the total area of the exposed metal surface of the
metal component 3 in direct contact with the water in the inner tank 1 is less than or equal to 0.5 mZ.

[0074] The way for the insulation treatment of the metal surface of the second metal component 32 comprises
coating insulating varnish on the metal surface, coating rubber on the metal surface, coating plastic on the metal
surface, coating corrosion prevention paint on the metal surface, performing oxidation treatment on the metal surface,
performing passivation treatment on the metal surface or attaching insulating material on the metal surface. The
insulating material may be rubber, silicone, etc.

[0075] Since the first insulating layer covers the inner wall of the metal tank body 11, and the total area of the
exposed metal surface of the metal component 3 that is in direct contact with the water in the inner tank 1 is less than
or equal to 0.5 m2, the total area of the exposed metal surface in direct contact with the water in the inner tank 1 is
relatively small. Therefore, applying a weak-current voltage between the metal tank body 11 and the electronic anode
21, as well as between the metal component 3 and the electronic anode, by the direct-current power source module 22
can meet the corrosion prevention requirements of the inner tank 1 and the metal component 3, which reduces the risk
of hydrogen evolution and explosion, mitigates the safety hazard of electrical leakage in the corrosion prevention
assembly 2, and also lowers the difficulty of electronic control design for the water heater 100.

[0076] In an exemplary embodiment, the corrosion prevention design method further comprises step S3.

[0077] Step S1 further comprises: when the total area of the exposed metal surface of the metal component 3 in
direct contact with the water in the inner tank 1 is not greater than 0.5 m2, and the metal component 3 only comprises
a first metal component 31 having an exposed metal surface, proceeding to Step S3.

[0078] In step S3, an output current upper limit value is determined according to the protective current density of the
inner tank 1, the area of the inner wall of the metal tank body 11 covered by the first insulating layer, the protective
current density of the exposed metal surface of each first metal component 31, and the area of the exposed metal
surface of each first metal component 31 in direct contact with the water in the inner tank 1, and the output current of
the direct-current power source module 22 is set to be less than or equal to the output current upper limit value.
[0079] An output voltage upper limit value is determined according to the output current upper limit value, the
polarization resistance of the electronic anode 21, the resistance of the water in the inner tank 1, and the cathode
polarization resistance of each first metal component 31, and the output voltage of the direct-current power source
module 22 is set to be less than or equal to the output voltage upper limit value.

[0080] The output current upper limit value of the direct-current power source module 22 may be calculated using
the above formula (1). The output voltage upper limit value of the direct-current power source module 22 may be
calculated using the above formula (2).

[0081] In this way, when the current output by the direct-current power source module 22 is less than or equal to the
output current upper limit value, and the voltage output by the direct-current power source module 22 is less than or
equal to the output voltage upper limit value, the current output by the direct-current power source module 22 mainly
provides protective current for the metal tank body 11, the joint 12, and the first metal component 31, so that the metal
tank body 11 and the first metal component 31 are not corroded, without electrolyzing water to generate hydrogen,
thereby preventing occurrence of explosion due to hydrogen evolution.

[0082] In one exemplary embodiment, the corrosion prevention design method further comprises step S4 following
the step S2.

[0083] In step S4, the metal component 3 comprises a first metal component 31 with an exposed metal surface and
a second metal component 32 of which the metal surface has undergone insulation treatment.

[0084] The output current upper limit value is determined according to the protective current density of the inner tank
1, the area of the inner wall of the metal tank body 11 covered by the first insulating layer, the protective current density
of the exposed metal surface of each first metal component 31, the area of the exposed metal surface of each first
metal component 31 in direct contact with the water in the inner tank 1, the protective current density of the metal
surface of each second metal component 32 covered by the second insulating layer, and the area of the metal surface
of each second metal component 32 covered by the second insulating layer, and the output current of the direct-
current power source module 22 is set to be less than or equal to the output current upper limit value.

[0085] The output voltage upper limit value is determined based on the output current upper limit value, the polariza-
tion resistance of the electronic anode 21, the resistance of water in the inner tank 1, the cathode polarization
resistance of each first metal component 31, and the cathode polarization resistance of each second metal component
32, and the output voltage of the direct-current power source module 22 is set to be less than or equal to the output
voltage upper limit value.

14



10

15

20

25

30

35

40

45

50

55

EP 4 826 307 A1

[0086] The output current upper limit value of the direct-current power source module 22 may be calculated using
the above formula (3). The output voltage upper limit value of the direct-current power source module 22 may be
calculated using the above formula (4).

[0087] In this way, when the current output by the direct-current power source module 22 is less than or equal to the
output current upper limit value, and the voltage output by the direct-current power source module 22 is less than or
equal to the output voltage upper limit value, the current output by the direct-current power source module 22 mainly
provides protective current for the metal tank body 11, the first metal component 31, and the second metal component
32, so that the metal tank body 11, the first metal component 31, and the second metal component 32 are not
corroded, without electrolyzing water to generate hydrogen, thereby preventing occurrence of explosion due to hydro-
gen evolution.

[0088] Those of ordinary skills in the art can appreciate that all or some of the acts in the above disclosed methods,
functional modules/units in apparatuses or systems may be implemented as software, firmware, hardware, and
appropriate combinations thereof. In a hardware implementation, a division of the function modules/units mentioned
in the above description does not always correspond to a division of physical components. For example, a physical
component may have multiple functions, or a function or an act may be executed by several physical components in
cooperation. Some or all of the components may be implemented as software executed by a processor, such as a
digital signal processor or a microprocessor, or as hardware, or as an integrated circuit, such as an application specific
integrated circuit. Such software may be distributed on computer-readable media, which may comprise computer
storage media (or non-transitory media) and communication media (or transitory media). As is well-known to those of
ordinary skills in the art, the term "computer storage media" comprises volatile and non-volatile, removable and non-
removable media implemented in any method or technique for storing information (such as computer-readable instruc-
tions, data structures, program modules, or other data). Computer storage media comprise, but are not limited to,
RAM, ROM, EEPROM, a flash memory or another memory technology, CD-ROM, a digital versatile disk (DVD) or
another optical disk storage, a magnetic cartridge, a magnetic tape, a magnetic disk storage, or another magnetic
storage apparatus, or any other media that may be configured to store desired information and may be accessed by a
computer. In addition, it is well-known to those of ordinary skills in the art that the communication media usually
comprises computer-readable instructions, data structures, program modules, or other data in a modulated data signal
of, such as, a carrier or another transmission mechanism, and may comprise any information delivery medium.

Claims
1. A water heater, comprising:

an inner tank comprising a metal tank body, and a first insulating layer covering an inner wall of the metal tank
body;

a metal component disposed within the inner tank and electrically connected to the metal tank body; and

a corrosion prevention assembly comprising:

an electronic anode extending into the inner tank; and

a direct-current power source module, wherein the direct-current power source module comprises a
positive electrode electrically connected to the electronic anode and a negative electrode electrically
connected to the metal tank body, and is configured to apply a weak-current voltage between the metal
tank body and the electronic anode;

wherein a total area of an exposed metal surface of the metal component in direct contact with water in the
inner tank is less than or equal to 0.5 m2.

2. The water heater according to claim 1, wherein the metal component comprises a first metal component and/or a
second metal component;

the first metal component has the exposed metal surface;

a metal surface of the second metal component is subjected to an insulation treatment to form a second
insulating layer, wherein the second insulating layer is capable of isolating the metal surface of the second
metal component from the water in the inner tank.

3. The water heater according to claim 2, wherein a way for the insulation treatment of the metal surface of the
second metal component comprises:
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coating insulating varnish on the metal surface, coating rubber on the metal surface, coating plastic on the metal
surface, coating corrosion prevention paint on the metal surface, performing oxidation treatment on the metal
surface, performing passivation treatment on the metal surface, or attaching an insulating material on the metal
surface.

The water heater according to claim 2, wherein an output current of the direct-current power source module is less
than or equal to an output current upper limit value, and the output current upper limit value is calculated using the
following formula:

n N
I:IO XA0+ZIiXAi+ZIiXai
1 1

wherein:

| is the output current upper limit value;

Iy is a protective current density of the inner tank;

Ay is an area of the inner wall of the metal tank body covered by the first insulating layer;

l; is a protective current density of an exposed metal surface of an i-th first metal component;

A; is an area of an exposed metal surface of the i-th first metal component in direct contact with the water in
the inner tank;

n is a number of first metal components;

J; is a protective current density of a metal surface of an i-th second metal component covered by the second
insulating layer;

a; is an area of the metal surface of the i-th second metal component covered by the second insulating layer;
and

N is a number of second metal components.

5. The water heater according to claim 4, wherein the protective current density |, of the inner tank is a maximum

value of self-corrosion current densities of the inner tank in an aqueous solution;

the protective current density |; of the i-th first metal component is a maximum value of self-corrosion current
densities of the exposed metal surface of the i-th first metal component in the aqueous solution;

the protective current density J; of the i-th second metal component is a maximum value of self-corrosion
current densities of the metal surface of the i-th second metal component covered by the second insulating
layer in the aqueous solution;

wherein, a temperature of the aqueous solution is within a temperature range which is designed for use of the
inner tank, and a conductivity of the aqueous solution is 400-2000 pn.S/cm.

The water heater according to claim 4 or 5, wherein an output voltage of the direct-current power source module is
less than or equal to an output voltage upper limit value, and the output voltage upper limit value is calculated
using the following formula:

n N
E=1X R0+Rshui+ZRi+zri
1 1

wherein:

E is the output voltage upper limit value;

| is the output current upper limit value;

R, is a polarization resistance of the electronic anode;

Rgspyi is a resistance of the water in the inner tank;

R; is a cathode polarization resistance of the i-th first metal component;

n is the number of the first metal components;

r;is a cathode polarization resistance of the i-th second metal component;
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N is the number of the second metal components.
The water heater according to claim 6, wherein

the polarization resistance R, of the electronic anode is a slope of a polarization curve of the electronic anode
in an aqueous solution at a corrosion potential;

the cathode polarization resistance R; of the i-th first metal component is a slope of a polarization curve of the
i-th first metal component in the aqueous solution at a corrosion potential;

the cathode polarization resistance r; of the i-th second metal component is a slope of a polarization curve of
the i-th second metal component in the aqueous solution at a corrosion potential;

wherein, a temperature of the aqueous solution is within a temperature range which is designed for use of the
inner tank, and a conductivity of the aqueous solution is 400-2000 pwS/cm.

The water heater according to claim 6, wherein the inner tank is constructed as a cylindrical tank-shaped struc-
ture, and the resistance Rgy,,; of the water in the inner tank is calculated using the following formula:

4pH

i = ——
shui D2

wherein:

p is a density of the water of the inner tank;
H is a height of the inner tank; and
D is a diameter of the inner tank.

The water heater according to claim 6, wherein the output current of the direct-current power source module is
less than or equal to 200mA and the output voltage of the direct-current power source module is less than or equal
to 4V.

The water heater according to claim 9, wherein the output current upper limit value is greater than 200mA, and a
plurality of corrosion prevention assemblies are provided.

A corrosion prevention design method for a water heater, wherein the water heater comprises an inner tank and a
metal component disposed in the inner tank, the inner tank comprises a metal tank body electrically connected to
the metal component and a first insulating layer covering an inner wall of the metal tank body; the corrosion
prevention design method comprises:

performing insulation treatment on at least a portion of an exposed metal surface of the metal component based
on a total area of the exposed metal surface of the metal component in direct contact with water in the inner tank
greater than 0.5 m2, so that the total area of the exposed metal surface of the metal component in direct contact
with the water in the inner tank is less than or equal to 0.5 m2,

The corrosion prevention design method according to claim 11, wherein the corrosion prevention design method
further comprises:

performing insulation treatment on at least a portion of the exposed metal surface of the metal component to form
a second insulating layer covering the at least a portion of the exposed metal surface of the metal component
based on the total area of the exposed metal surface of the metal component in direct contact with water in the
inner tank greater than 0.5 m2, so that the total area of the exposed metal surface of the metal component in direct
contact with the water in the inner tank is less than or equal to 0.5 m2.

The corrosion prevention design method according to claim 12, wherein the corrosion prevention design method
further comprises:

determining an output current upper limit value according to a protective current density of the inner tank, an area
of an inner wall of the metal tank body covered by the first insulating layer, a protective current density of an
exposed metal surface of each first metal component, and an area of an exposed metal surface of each first metal
component in direct contact with the water in the inner tank, based on the total area of the exposed metal surface
of the metal component in direct contact with the water in the inner tank less than or equal to 0.5 m2, and the metal
component only comprising first metal components having exposed metal surfaces; and setting an output current
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of a direct-current power source module to be less than or equal to the output current upper limit value.

The corrosion prevention design method according to claim 13, wherein the corrosion prevention design method
further comprises:

determining an output voltage upper limit value according to the output current upper limit value, a polarization
resistance of an electronic anode, a resistance of the water in the inner tank, and a cathode polarization resis-
tance of each first metal component, based on the total area of the exposed metal surface of the metal component
in direct contact with the water in the inner tank less than or equal to 0.5 m2, and the metal component only
comprising first metal components having exposed metal surfaces; and setting an output voltage of the direct-
current power source module to be less than or equal to the output voltage upper limit value.

The corrosion prevention design method according to claim 12, wherein the corrosion prevention design method
further comprises:

after performing the insulation treatment on the at least a portion of the exposed metal surface of the metal
component, the metal component comprises a first metal component having an exposed metal surface and a
second metal component wherein a metal surface of the second metal componenthas undergone the insula-
tion treatment;

determining an output current upper limit value according to a protective current density of the inner tank, an
area of an inner wall of the metal tank body covered by the first insulating layer, a protective current density of
an exposed metal surface of each first metal component, an area of an exposed metal surface of each first
metal component in direct contact with the water in the inner tank, a protective current density of a metal
surface of each second metal component covered by the second insulating layer, and an area of the metal
surface of each second metal component covered by the second insulating layer; and setting an output
current of a direct-current power source module to be less than or equal to the output current upper limit
value; and

determining an output voltage upper limit value according to the output current upper limit value, a polariza-
tion resistance of an electronic anode, a resistance of the water in the inner tank, a cathode polarization
resistance of each first metal component, and a cathode polarization resistance of each second metal com-
ponent, and setting an output voltage of the direct-current power source module to be less than or equal to the
output voltage upper limit value.
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