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AIR CONDITIONER SYSTEM

FIELD OF THE INVENTION
[0001] The present application relates to the field of the structure of an air
conditioning system. More specifically, the present application relates to an air conditioning

system, which aims to provide additional working modes.

BACKGROUND OF THE INVENTION

[0002] A Heating, Ventilation and Air Conditioning (HVAC) system often includes
an air conditioning system. A typical air conditioning system includes a compressor, a
condenser, an evaporator and a four-way valve for communicating various components. The
four-way valve is configured to selectively change the flow direction of a high-pressure
refrigerant flowing from the compressor, thereby providing cooling cycle or heating cycle. In
an existing HVAC system, the cooling cycle or the heating cycle of the air conditioning
system is configured to provide cold water alone or provide hot water alone. Therefore, such
type of air conditioning system uses coils and heat exchangers to serve as condenser-
evaporator devices.

[0003] However, due to limitations by the structure of the flow path of the air
conditioning system, the existing air conditioning systems can only provide the cooling cycle
alone or the heating cycle alone at the same time. With user's increasing requirements on the
air conditioning system, there arises a demand for simultaneous cooling and heating. The
existing air conditioning systems are not able to meet the above demand due to the limitations
by the structure of the flow path thereof.

[0004] Therefore, there is an ongoing need in the art for an improved air conditioning
system, and it is desirable that new solutions can provide more options of working modes for

users.

SUMMARY OF THE INVENTION

[0005] An object of one aspect of the present application is to provide an air
conditioning system, which aims to provide additional working modes to meet the demand of
on-site operation.

[0006] The object of the present application is achieved by the following technical
solutions:

an air conditioning system, includes:
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a four-way valve including a first port, a second port, a third port and a fourth port,
wherein at least the first port and the third port are fluidly isolated;

a compressor, an output end and an input end of which are in fluid communication
with the first port and the third port respectively;

a first evaporator, a first end of which is in fluid communication with the third port;

a second evaporator, a first end of which is in fluid communication with one of the
second port and the fourth port;

a condenser, a first end of which is in fluid communication with the other of the
second port and the fourth port;

wherein a second end of the condenser, a second end of the first evaporator, and a
second end of the second evaporator are in fluid communication at a first node, and a first
throttling valve, a second throttling valve and a third throttling valve are respectively
disposed between the condenser and the first node, between the first evaporator and the first
node, as well as between the second evaporator and the first node.

[0007] In the above air conditioning system, optionally, the four-way valve has a first
state and a second state, wherein in the first state, the first port is in fluid communication with
the second port, and the third port is in fluid communication with the fourth port; and

in the second state, the first port is in fluid communication with the fourth port, and
the second port is in fluid communication with the third port.

[0008] In the above air conditioning system, optionally, the condenser includes a
finned coil and a fan.

[0009] In the above air conditioning system, optionally, the evaporator includes a
plate heat exchanger.

[0010] In the above air conditioning system, optionally, the first throttling valve, the
second throttling valve, and the third throttling valve are electronic expansion valves.

[0011] In the above air conditioning system, optionally, the air conditioning system
has a first mode, wherein the four-way valve is in the first state, the third throttling valve is
closed, and the first throttling valve and the second throttling valve are opened so that the
first evaporator is used for cooling alone and the second evaporator does not work.

[0012] In the above air conditioning system, optionally, the air conditioning system
has a second mode, wherein the four-way valve is in the first state, the second throttling valve
is closed, and the first throttling valve and the third throttling valve are opened so that the

second evaporator is used for cooling alone and the first evaporator does not work.
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[0013] In the above air conditioning system, optionally, the air conditioning system
has a third mode, wherein the four-way valve is in the first state, and the first throttling valve,
the second throttling valve, and the third throttling valve are opened so that the first
evaporator and the second evaporator are used for cooling together.

[0014] In the above air conditioning system, optionally, the air conditioning system
has a fourth mode, wherein the four-way valve is in the second state, the second throttling
valve is closed, and the first throttling valve and the third throttling valve are opened so that
the second evaporator is used for heating and the first evaporator does not work.

[0015] In the above air conditioning system, optionally, the air conditioning system
has a fifth mode wherein the four-way valve is in the second state, the first throttling valve is
closed, and the second throttling valve and the third throttling valve are opened so that the
second evaporator is used for heating and the first evaporator is used for cooling.

[0016] The air conditioning system of the present application has the advantages of
simple in structure, easy for manufacturing, and convenience in use. By applying the air
conditioning system of the present application, additional working modes can be provided to

meet the demand of on-site operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present application will be described below in further detail with
reference to the accompanying drawings and preferred embodiments, but those skilled in the
art will appreciate that these drawings are drawn only for the purpose of explaining the
preferred embodiments and should not be construed as limiting the scope of the present
application. In addition, unless specifically stated, the drawings are only intended to
conceptually represent the composition or construction of the described objects and may
contain exaggerated illustration, and the drawings are not necessarily drawn to scale.

[0018] FIG. 1 is a schematic structural view of one embodiment of an air conditioning
system of the present application.

[0019] FIG. 2 is another schematic structural view of the embodiment shown in FIG.

[0020] FIG. 3 is a schematic structural view of another embodiment of an air

conditioning system of the present application.
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DETAILED DESCRIPTION OF THE EMBODIMENT(S) OF THE INVENTION

[0021] Hereinafter, preferred embodiments of the present application will be
described in detail with reference to the accompanying drawings. Those skilled in the art will
appreciate that these descriptions are merely illustrative and exemplary, and should not be
construed as limiting the scope of protection of the present application.

[0022] Firstly, it should be noted that the terms such as top, bottom, upward, and
downward mentioned herein are defined with respect to the directions in various drawings,
they are relative concepts, and therefore can be changed according to different positions and
different states of use. Accordingly, these or other terms should not be interpreted as
restrictive terms.

[0023] In addition, it should also be noted that for any single technical feature
described or implied in the embodiments herein, or any single technical feature shown or
implied in the drawings, it is still possible to combine these technical features (or their
equivalents) so as to obtain other embodiments of the present application that are not directly
mentioned herein.

[0024] It should be noted that in different drawings, identical or substantially identical
components are denoted by the same reference signs.

[0025] FIG. 1 is a schematic structural view of one embodiment of an air conditioning
system of the present application, and FIG. 2 is another schematic structural view of the
embodiment shown in FIG. 1. The air conditioning system 100 according to one embodiment
of the present application includes a four-way valve 110, a compressor 120, a first evaporator
131, a second evaporator 132 and a condenser 140, as well as a first throttling valve 161, a
second throttling valve 162, and a third throttling valve 163 connected in series in the
pipelines.

[0026] As shown, the four-way valve 110 includes a first port 111, a second port 112,
a third port 113, and a fourth port 114. It is easy to understand that each of the ports may be
sequentially arranged along the periphery of the four-way valve, wherein fluid
communication can be established between two adjacent ports, and no fluid communication
can be established between two non-adjacent ports. In the context, the situation where no
fluid communication can be established is referred to as “fluidly isolated”.

[0027] The four-way valve 110 typically has at least two working states, namely, a
first state and a second state. In the first state, the first port 111 is in fluid communication

with the second port 112, and the third port 113 is in fluid communication with the fourth
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port 114; and in the second state, the first port 111 in fluid communication with the fourth
port 114, and the second port 112 is in fluid communication with the third port 113.

[0028] The four-way valve may also have the structure of a conventional four-way
valve. For example, for a four-way valve with D, E, S, and C connection pipes, the first port
111 may correspond to the D connection pipe, the second port 112 may correspond to the E
connection pipe, the third port 113 may correspond to the S connection pipe, and the fourth
port 114 may correspond to the C connection pipe. For a four-way valve with A, B, C, and D
interfaces, the first port 111 may correspond to the A interface, the second port 112 may
correspond to the B interface, the third port 113 may correspond to the C interface, and the
fourth port 114 may correspond to the D interface.

[0029] Therefore, during normal operation, at least the first port 111 and the third port
113 are fluidly isolated, that is, no direct fluid communication can be established between the
first port 111 and the third port 113. Similarly, during normal operation, the second port 112
and the fourth port 114 are fluidly isolated, that is, no direct fluid communication can be
established between the second port 112 and the fourth port 114.

[0030] In the illustrated embodiment, an output end and an input end of the
compressor 120 are in fluid communication with the first port 111 and the third port 113,
respectively. Therefore, the first port 111 and the third port 113 are used as the input port and
the output port of the refrigerant, respectively. The compressor 120 may be any known
compressor. The output end of the compressor 120 is configured to output a refrigerant with a
relatively higher pressure, and the input end of the compressor 120 is configured to receive a
refrigerant with a relatively lower pressure.

[0031] A first end of the first evaporator 131 is in fluid communication with the third
port 113. In the illustrated embodiment, the first end of the first evaporator 131 is in fluid
communication with the third port 113 and the input end of the compressor 120 at a second
node 152.

[0032] A first end of the second evaporator 132 is in fluid communication with one of
the second port 112 and the fourth port 114, and a first end of the condenser 140 is in fluid
communication with the other of the second port 112 and the fourth port 114. FIGS. 1 and 2
illustrate a situation where the first end of the second evaporator 132 is in fluid
communication with the fourth port 114, and FIG. 3 illustrates a situation where the first end
of the second evaporator 132 is in fluid communication with the second port 112.

Correspondingly, the first end of the condenser 140 is in fluid communication with the
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second port 112 in FIGS. 1 and 2, and is in fluid communication with the fourth port 114 in
FIG. 3.

[0033] In addition, a second end of the condenser 140, a second end of the first
evaporator 131, and a second end of the second evaporator 132 are in fluid communication at
a first node 151, and a first throttling valve 161, a second throttling valve 162 and a third
throttling valve 163 are respectively disposed between the condenser 140 and the first node
151, between the first evaporator 131 and the first node 151, as well as between the second
evaporator 132 and the first node 151.

[0034] It is easy to understand that a three-way pipe may be provided at the first node
151 and the second node 152 respectively to achieve communication.

[0035] In an embodiment of the present application, the condenser 140 may be any
suitable condenser, including for example a finned coil and a fan, etc.

[0036] In an embodiment of the present application, the first evaporator 131 and the
second evaporator 132 may be any suitable heat exchangers, such as a Braze Plate Heat
Exchanger (BPHE), and the like. The output of the heat exchanger may be any suitable
medium, such as water. Therefore, in an embodiment of the present application, a heat
exchanger may be used to provide cooled water or heated water.

[0037] In an embodiment of the present application, the first throttling valve 161, the
second throttling valve 162, and the third throttling valve 163 may be electronic expansion
valves (EXV). Therefore, each throttling valve may be selectively opened or closed according
to control instruction, thereby opening or closing the flow path in which the throttling valve is
located.

[0038] The above-mentioned various components are connected by pipelines, and the
pipelines are configured to convey a refrigerant. The refrigerant may be any suitable
refrigerant used in an air conditioning device.

[0039] Although a single condenser and two evaporators are used in the illustrated
embodiment, it is easy to understand that the condenser may be replaced by a plurality of
condensers connected together in parallel or in series, and the evaporator may also be
replaced by a plurality of evaporators connected together in parallel or in series. In such a
situation, the arrangements of the pipelines and the throttling valves will be adjusted
accordingly without departing from the scope of the principle shown in the illustrated
embodiment.

[0040] The operating modes of the air conditioning system according to the present

application will be described in detail below with reference to the illustrated embodiment. It
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is easy to understand that if a structure slightly different from that of the illustrated
embodiment is applied to the air conditioning system according to the present application,
similar operating modes may be easily achieved by adjusting flow paths of the four-way
valve 110 and opening and closing of each throttling valve.

[0041] Specifically, the air conditioning system 100 according to the present
application may have a first mode in which the four-way valve 110 is in the first state, the
third throttling valve 163 is closed, and the first throttling valve 161 and the second throttling
valve 162 are opened. At this point, the refrigerant from the compressor 120 will travel
through the condenser 140 and the first evaporator 131 in sequence, and then return to the
compressor 120 through the second node 152. At this point, the first evaporator 131 is used
for cooling alone and the second evaporator does not work.

[0042] The air conditioning system 100 may also have a second mode in which the
four-way valve 110 is in the first state, the second throttling valve 162 is closed, and the first
throttling valve 161 and the third throttling valve 163 are opened. At this point, the
refrigerant from the compressor 120 will travel through the condenser 140 and the second
evaporator 132 in sequence, then to the second node 152 through the fourth port 114 and the
third port 113, and finally return to the compressor 120. At this point, the second evaporator
132 is used for cooling alone and the first evaporator 131 does not work.

[0043] The air conditioning system 100 may also have a third mode in which the
four-way valve 110 is in the first state, and the first throttling valve 161, the second throttling
valve 162, and the third throttling valve 163 are opened. At this point, the refrigerant from the
compressor 120 will travel through the condenser 140, and then enter the first evaporator 131
and the second evaporator 132, respectively. The refrigerant flowing through the first
evaporator 131 travels to the second node 152, and the refrigerant flowing through the second
evaporator 132 then travels to the second node 152 through the fourth port 114 and the third
port 113 in sequence. The refrigerant meets at the second node 152 and finally return to the
compressor 120. At this point, the first evaporator 131 and the second evaporator 132 are
used for cooling together.

[0044] The air conditioning system 100 may also have a fourth mode in which the
four-way valve 110 is in the second state, the second throttling valve 162 is closed, and the
first throttling valve 161 and the third throttling valve 163 are opened. At this point, the
refrigerant from the compressor 120 will travel through the second evaporator 132, then
travel to the condenser 140 through the first throttling valve 161, then travel to the second
node 152 through the second port 112 and the third port 113, and finally return to the
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compressor 120. At this point, the second evaporator 132 is used for heating and the first
evaporator 131 does not work.

[0045] The air conditioning system 100 may also have a fifth mode in which the four-
way valve 110 is in the second state, the first throttling valve 161 is closed, and the second
throttling valve 162 and the third throttling valve 163 are opened. At this point, the
refrigerant from the compressor 120 will pass through the first port 111 and the fourth port
114, travel through the second evaporator 132, then pass through the third throttling valve
163, the first node 151, and the second throttling valve 162, travel to the first evaporator 131,
then travel to the second node 152, and finally return to the compressor 120. At this point, the
second evaporator 132 is used for heating and the first evaporator 131 is used for cooling.

[0046] In the fifth mode, the air conditioning system 100 according to an embodiment
of the present application is capable of performing heating and cooling operations at the same
time. In an embodiment of the present application, two evaporators or heat exchangers can
perform cooling and heating respectively in the fifth mode, while also provide heated water
and cooled water simultaneously, so that the user can perform heating and cooling operations
in different regions in the HVAC system as required, thereby meeting the user's special
operating demands.

[0047] In addition, the air conditioning system 100 according to an embodiment of
the present application may also provide the cooling operation alone or the heating operation
alone, thereby provide heated water or cooled water, which satisfies the user's common
operating demands. By providing the condenser, the air conditioning system 100 according to
an embodiment of the present application can collect outdoor energy for performing the
cooling operation or the heating operation.

[0048] The present application has been disclosed herein with reference to the
accompanying drawings, and those skilled in the art are also enabled to implement the
present application, including manufacturing and using any device or system, selecting
suitable materials, and using any combined method. The scope of the present application is
defined by the claimed technical solutions, and contains other examples that can be conceived
by those skilled in the art. Such other examples should be considered as falling within the
scope of protection determined by the technical solutions claimed in the present application,
as long as such other examples include structural elements that are not different from the
literal language of the claimed technical solutions, or such other examples include equivalent
structural elements that are not substantively different from the literal language of the

claimed technical solutions.
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What is claimed is:

1. An air conditioning system characterized in that it comprises:

a four-way valve comprising a first port, a second port, a third port and a fourth port,
wherein at least the first port and the third port are fluidly isolated;

a compressor, an output end and an input end of which are in fluid communication
with the first port and the third port respectively;

a first evaporator, a first end of which is in fluid communication with the third port;

a second evaporator, a first end of which is in fluid communication with one of the
second port and the fourth port;

a condenser, a first end of which is in fluid communication with the other of the
second port and the fourth port;

wherein a second end of the condenser, a second end of the first evaporator, and a
second end of the second evaporator are in fluid communication at a first node, and a first
throttling valve, a second throttling valve and a third throttling valve are respectively
disposed between the condenser and the first node, between the first evaporator and the first
node, as well as between the second evaporator and the first node.

2. The air conditioning system according to claim 1, wherein the four-way valve has a
first state and a second state; in the first state, the first port is in fluid communication with the
second port, and the third port is in fluid communication with the fourth port; and

in the second state, the first port is in fluid communication with the fourth port, and
the second port is in fluid communication with the third port.

3. The air conditioning system according to claim 1, wherein the condenser comprises
a finned coil and a fan.

4. The air conditioning system according to claim 1, wherein the evaporator
comprises a plate heat exchanger.

5. The air conditioning system according to claim 1, wherein the first throttling valve,
the second throttling valve, and the third throttling valve are electronic expansion valves.

6. The air conditioning system according to any one of claims 2 to 5, wherein the air
conditioning system has a first mode in which the four-way valve is in the first state, the third
throttling valve is closed, and the first throttling valve and the second throttling valve are
opened so that the first evaporator is used for cooling alone and the second evaporator does
not work.

7. The air conditioning system according to any one of claims 2 to 5, wherein the air

conditioning system has a second mode in which the four-way valve is in the first state, the
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second throttling valve is closed, and the first throttling valve and the third throttling valve
are opened so that the second evaporator is used for cooling alone and the first evaporator
does not work.

8. The air conditioning system according to any one of claims 2 to 5, wherein the air
conditioning system has a third mode in which the four-way valve is in the first state, and the
first throttling valve, the second throttling valve, and the third throttling valve are opened so
that the first evaporator and the second evaporator are used for cooling together.

9. The air conditioning system according to any one of claims 2 to 5, wherein the air
conditioning system has a fourth mode in which the four-way valve is in the second state, the
second throttling valve is closed, and the first throttling valve and the third throttling valve
are opened so that the second evaporator is used for heating and the first evaporator does not
work.

10. The air conditioning system according to any one of claims 2 to 5, wherein the air
conditioning system has a fifth mode in which the four-way valve is in the second state, the
first throttling valve is closed, and the second throttling valve and the third throttling valve
are opened so that the second evaporator is used for heating and the first evaporator is used

for cooling.

10
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