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(567)  Herein disclosed is an oil return control method
of a multi-functional multi-split system with two four-way
valves. The multi-functional multi-split system includes
an outdoor unit, at least one set of hydraulic modules and
at least one set of indoor modules. When the multi-split
system is switched from a normal operation mode to an
oil return mode, a first four-way valve and a second
four-way valve are powered down, and operation modes
of each set of indoor modules and each set of hydraulic

modules, the on/off state of fans of an indoor heat ex-
changer and a hydraulic heat exchanger, opening de-
grees of a first electronic expansion valve of the indoor
heat exchanger and a first electronic expansion valve of
the hydraulic heat exchanger, and the on/off state of a
first electromagnetic valve and a second electromagnetic
valve are correspondingly adjusted based on the previ-
ous operation modes of each set of indoor modules and
each set of hydraulic modules.
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Description
TECHNICAL FIELD

[0001] The present invention relates to the technical
field of multi-split systems (e.g. multi-split air conditioner
systems), and in particular, to an oil return control method
of a multi-functional multi-split system with two four-way
valves.

BACKGROUND

[0002] In an air conditioner system, refrigerating ma-
chine oil of a compressor and a refrigerant are mutually
soluble. The refrigerating machine oil of the compressor
will reach any corner in a system pipeline with the refrig-
erant, while a multi-split system is formed by an outdoor
unit equipped with a lot of air conditioner indoor units.
Since the pipeline is long, the drop is large, a large
number of units are connected, and the indoor units are
partially turned on and partially turned off, the refrigerat-
ing machine oil of the compressor will be accumulated
in the system pipeline. As a result, it is necessary to reg-
ularly run an oil return program, so that the refrigerant in
the system pipeline can flow back to the compressor with
the flow of the refrigerant to ensure the reliable operation
of the compressor.

[0003] When a system where a multi-split outdoor unit
is equipped with air conditioner indoor units and hydraulic
modules needs oil return, it is usually required to convert
all the air conditioner indoor units into a refrigeration state
and the hydraulic modules into a water refrigeration state,
which has a problem: when the hydraulic modules are
converted into water refrigeration, if the hydraulic mod-
ules are not in water heating originally, the water tem-
perature in the hydraulic modules will be very low, and
the risk of water freezing and bursting the pipeline will be
easily caused after the modules are converted into water
refrigeration. In addition, even if the hydraulic modules
are in water heating originally, the temperature of hot
water will be easily reduced after the modules are con-
verted into the water refrigeration state, causing a user’'s
complaint. Furthermore, if the hydraulic modules are in
an off state originally, even if the hydraulic modules are
converted into water refrigeration, the refrigerant in a
high-pressure gas pipe still cannot flow, resulting in the
accumulation of compressor oil in the high-pressure gas
pipe and the failure of normal recovery, and long-term
operation will cause the compressor to burn out due to
lack of ail.

SUMMARY

[0004] An objective of at least an embodiment of the
present invention is to overcome the deficiencies of the
prior art and provide an oil return control method of a
multi-functional multi-split system with two four-way
valves, which is multi-functional, energy-saving, and ef-
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ficient.

[0005] In a first aspect the present invention provides
an oil return control method of a multi-functional multi-
split system (e.g. a multi-functional multi-split air condi-
tioner system) with two four-way valves. The multi-split
system includes an outdoor unit, at least one set of hy-
draulic modules, at least one set of indoor modules, a
liquid pipe, a high-low pressure gas pipe, and a high-
pressure gas pipe. The outdoor unit includes a compres-
sor, a first four-way valve, a second four-way valve, and
an outdoor heat exchanger. An output end of the com-
pressor is respectively connected to a first port (port D)
of the first four-way valve and a first port (port D) of the
second four-way valve, and an input end of the compres-
sor is respectively connected to a second port (port S)
of the first four-way valve and a second port (port S) of
the second four-way valve. A third port (port E) of the first
four-way valve is connected to the second port (port S)
of the second four-way valve via a throttling unit. A third
port (port C) of the second four-way valve is connected
to the second port (port S) of the first four-way valve via
a throttling unit. A fourth port (port C) of the first four-way
valve is connected to the outdoor heat exchanger. One
end of the liquid pipe is connected to the outdoor heat
exchanger, and the other end of the liquid pipe is respec-
tively connected to an end (i.e. a first end) of a hydraulic
heat exchanger of each set of hydraulic modules and an
end (i.e. a first end) of an indoor heat exchanger of each
set of indoor modules. One end of the high-pressure gas
pipe is connected between the four-way valves and the
output end of the compressor by bypassing, and the other
end of the high-pressure gas pipe is connected the other
end (i.e. second end) of the hydraulic heat exchanger of
each set of hydraulic modules. One end of the high-low
pressure gas pipe is connected to a fourth port (port E)
of the second four-way valve, and the other end of the
high-low pressure gas pipe is respectively connected to
the other end (i.e. second end) of the hydraulic heat ex-
changer of each set of hydraulic modules and the other
end (i.e. second end) of the indoor heat exchanger of
each set of indoor modules. A first electronic expansion
valve is arranged between the liquid pipe and each hy-
draulic heat exchanger and each indoor heat exchanger.
A first electromagnetic valve is arranged between the
high-pressure gas pipe and any one of the hydraulic heat
exchangers. A second electromagnetic valve is arranged
between the high-low pressure gas pipe and any one of
the hydraulic heat exchangers. When the multi-split sys-
tem is switched from a normal operation mode to an oil
return mode, the first four-way valve and the second four-
way valve are powered down, and operation modes of
each set of indoor modules and each set of hydraulic
modules, the on/off state of fans of the indoor heat ex-
changers and the hydraulic heat exchangers, opening
degrees of the first electronic expansion valves of the
indoor heat exchangers and the first electronic expansion
valves of the hydraulic heat exchangers, and the on/off
state of the first electromagnetic valves and the second
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electromagnetic valves are correspondingly adjusted
based on the previous operation modes of each set of
indoor modules and each set of hydraulic modules.
[0006] Optionally, when the multi-split system only has
one or more sets of indoor modules switched from a re-
frigeration mode to the oil return mode, the first four-way
valve and the second four-way valve are powered down,
the indoor module previously in the refrigeration mode
remains in a current operating state, the fan of the indoor
module previously in an air supply state remains on and
the first electronic expansion valve thereof is adjusted to
a predetermined opening degree, and the first electronic
expansion valve of the indoor module previously in an
off state is adjusted to a predetermined opening degree.
[0007] Optionally, when the multi-split system only has
one or more sets of indoor modules switched from a heat-
ing mode to the oil return mode, the first four-way valve
and the second four-way valve are powered down, the
indoor module previously in the heating mode is switched
to refrigeration use and the fan thereof is turned off, the
indoor module previously in an off state remains off, and
the first electronic expansion valves of the indoor heat
exchangers of all the indoor modules are adjusted to a
predetermined opening degree.

[0008] Optionally, when the multi-split system only has
one or more sets of indoor modules switched from a heat-
ing/refrigeration mode to the oil return mode, the first
electromagnetic valve of each set of hydraulic modules
previously in an off state is turned off and the second
electromagnetic valve is turned on, and the first electronic
expansion valve of each set of hydraulic modules is ad-
justed to a predetermined opening degree.

[0009] Optionally, when the multi-split system only has
one or more sets of hydraulic modules switched from a
water heating mode to the oil return mode, the first four-
way valve and the second four-way valve are powered
down, each set of indoor modules previously in an off
state remains off, the fan of each set of indoor modules
previously in an air supply state remains on, and the first
electronic expansion valves of the indoor heat exchang-
ers of all the indoor modules are adjusted to a predeter-
mined opening degree.

[0010] Optionally, when the multi-split system has one
or more sets of indoor modules operating in a heating
mode and one or more sets of hydraulic modules oper-
ating in a water heating mode, the first four-way valve
and the second four-way valve are powered down, each
set of indoor modules previously in an off state remains
off, each set of indoor modules previously in the heating
mode is switched to refrigeration use and the fan thereof
is turned off, the fan of each set of indoor modules pre-
viously in an air supply state remains on, and the first
electronic expansion valves of the indoor heat exchang-
ers of all the indoor modules are adjusted to a predeter-
mined opening degree.

[0011] Optionally, when the multi-split system has one
or more sets of indoor modules switched from a refriger-
ation mode to the oil return mode and one or more sets
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of hydraulic modules switched from a water heating mode
to the oil return mode, the first four-way valve and the
second four-way valve are powered down, the indoor
module previously in the refrigeration mode remains in
a current operating state, the fan of the indoor module
previously in an air supply state remains on, and the first
electronic expansion valves of the indoor heat exchang-
ers of the indoor modules previously in the air supply
state and an off state are adjusted to a predetermined
opening degree.

[0012] Optionally, when the multi-split system only has
one or more sets of hydraulic modules switched from a
water heating mode to the oil return mode, or has one or
more sets of indoor modules switched from a heating
mode to the oil return mode and one or more sets of
hydraulic modules switched from a water heating mode
to the oil return mode, or has one or more sets of indoor
modules switched from a refrigeration mode to the oil
return mode and one or more sets of hydraulic modules
switched from a water heating mode to the oil return
mode, the first electromagnetic valve of each set of hy-
draulic modules is turned off and the second electromag-
netic valve is turned on, each set of hydraulic modules
previously in the water heating mode remains in a current
operating state, each set of hydraulic modules previously
in an off state remains off, and the first electronic expan-
sion valve thereof is adjusted to a predetermined opening
degree.

[0013] Optionally, an oil separator arranged at the out-
put end of the compressor is also included.

[0014] Optionally, a gas-liquid separator arranged at
the input end of the compressor is also included.
[0015] The present invention adopts the above solu-
tion and may have the beneficial effects in that: 1) the
system can recover hot water and reduce energy con-
sumption while the indoor module is refrigerating; 2) the
product functionality is rich, and multiple requirements
are solved through a set of equipment; and 3) switching
to an oil return mode for the corresponding adjustment
motion according to different operating conditions not on-
ly can ensure that oil in a system pipeline can be recov-
ered with the flow of a refrigerant in the pipeline, but also
can ensure that a hydraulic module has norisk of freezing
and bursting, the oil return effect is good, and the system
reliability is high.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a schematic diagram showing the connec-
tion of components of a multi-split system.

FIG. 2 is a schematic diagram showing an oil return
mode of a multi-split system.

[0017] In the figures, 100: outdoor unit, 200: hydraulic
module, 300: indoor module, 1: compressor, 2: first four-
way valve, 3: second four-way valve, 4: outdoor heat ex-



5 EP 4 023 961 A1 6

changer, 5: oil separator, 6: gas-liquid separator, 7: liquid
pipe, 8: high-low pressure gas pipe, 9: high-pressure gas
pipe, 10: hydraulic heat exchanger, 11: indoor heat ex-
changer, 12: first electronic expansion valve, 13: first
electromagnetic valve, 14: second electromagnetic
valve.

DETAILED DESCRIPTION

[0018] In order to facilitate an understanding of the
present invention, a more complete description of the
system will be described by way of example only with
reference to the accompanying drawings. Preferred em-
bodiments of the present invention are shown in the ac-
companying drawings. The present invention may, how-
ever, be embodied in many different forms and should
not be limited to the embodiments set forth herein but
rather as defined by the appended claims. These em-
bodiments are provided so that the disclosure of the
presentinvention will be understood thoroughly and com-
pletely.

[0019] Referringto FIG. 1, in the present embodiment,
a multi-split system includes an outdoor unit 100, at least
one set of hydraulic modules 200 and at least one set of
indoor modules 300. In order to facilitate the explanation
of the present embodiment, two sets of hydraulic mod-
ules 200 arranged in parallel and three sets of indoor
modules 300 arranged in parallel are included herein.
[0020] Inthepresentembodiment, the outdoorunit 100
includes a compressor 1, a first four-way valve 2, a sec-
ond four-way valve 3, an outdoor heat exchanger 4, an
oil separator 5, and a gas-liquid separator 6. Each of the
first four-way valve 2 and the second four-way valve 3
includes four ports C, D, E, and S. An output end of the
compressor 1 is respectively connected to port D (which
may be referred to as a first port) of the first four-way
valve 2 and port D (which may be referred to as a first
port) of the second four-way valve 3 via the oil separator
5, and an input end of the compressor 1 is respectively
connected to portS (which may be referred to as a second
port) of the first four-way valve 2 and port S (which may
be referred to as a second port) of the second four-way
valve 3 via the gas-liquid separator 6. Port C (which may
be referred to as a fourth port) of the first four-way valve
2 is connected to one end of the outdoor heat exchanger
4. Port E (which may be referred to as a third port) of the
first four-way valve 2 is connected to port S of the second
four-way valve 3 via a throttling unit. Port C (which may
be referred to as a third port) of the second four-way valve
is connected to port S of the first four-way valve 2 via a
throttling unit.

[0021] Further, when the first four-way valve 2 is pow-
ered down, port D thereof is in communication with port
C, and port E is in communication with port S, while when
the first four-way valve 2 is powered up, port D is in com-
munication with port E. Since a capillary connection is
used atportE, therefrigerant throughputis actually small,
which is equivalent to no refrigerant passing from port D
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to port E.

[0022] Further, when the second four-way valve 3 is
powered down, port D thereof is in communication with
port C, and port E (which may be referred to as a fourth
port) is in communication with port S. Since a capillary
connection is used at port C, the refrigerant throughput
is actually small, which is equivalent to no refrigerant
passing from port D to port C. When the second four-way
valve 3is powered up, port D thereof is in communication
with port E, and port C is in communication with port S.
[0023] Further, in order to ensure that the compressor
1 has sufficient output power in the multi-split system, at
least two compressors 1 arranged in parallel may be pro-
vided, so that the compressors 1 can be started as need-
ed.

[0024] In the present embodiment, each hydraulic
module 200 includes a hydraulic heat exchanger 10.
Each indoor module 300 includes an indoor heat ex-
changer 11. A liquid pipe 7, a high-low pressure gas pipe
8 and a high-pressure gas pipe 9 are also included. Port
E of the second four-way valve 3 is connected to one end
of the high-low pressure gas pipe 8, and the other end
of the high-low pressure gas pipe 8 is respectively con-
nected to one end of the hydraulic heat exchanger 10
and one end of the indoor heat exchanger 11 through a
branch pipe. One end of the liquid pipe 7 is connected
to the outdoor heat exchanger 4, and the other end of
the liquid pipe 7 is respectively connected to the other
end of the hydraulic heat exchanger 10 and the other end
of the indoor heat exchanger 11. One end of the high-
pressure gas pipe 9 is connected between the four-way
valves and the output end of the compressor 1 by by-
passing, and the other end of the high-pressure gas pipe
9is connected to one end of the hydraulicheat exchanger
10.

[0025] Further, an electronic expansion valve is ar-
ranged between the liquid pipe 7 and each hydraulic heat
exchanger 10 and each indoor heat exchanger 11.
[0026] Further, an outdoor unit electronic expansion
valve is arranged at one end of the liquid pipe 7 adjacent
to a heat exchanger. In the present embodiment, a first
electromagnetic valve 13 is arranged between the high-
pressure gas pipe 9 and any one of the hydraulic heat
exchangers 10, and a second electromagnetic valve 14
is arranged between the high-low pressure gas pipe 8
and any one of the hydraulic heat exchangers 10. The
on/off state of the first electromagnetic valve 13 and the
second electromagnetic valve 14 are correspondingly
switched according to the operation mode requirements
of the multi-split system.

[0027] Further, the high-low pressure gas pipe 8is con-
nected to one end of the hydraulic heat exchanger 10
and the indoor heat exchanger 11 through a branch pipe,
and the liquid pipe 7 is respectively connected to the hy-
draulic heat exchanger 10 and the indoor heat exchanger
11 through a branch pipe.

[0028] Specifically, the multi-split system includes the
following operation modes.
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1) In a case where only the indoor module 300 op-
erates in a refrigeration mode. In this mode, the first
four-way valve 2 is powered down, the second four-
way valve 3 is powered down, the first electronic ex-
pansion valves 12 of all the hydraulic modules 200
are turned off, the first electromagnetic valve 13 and
the second electromagnetic valve 14 are both turned
off, the outdoor heat exchanger 4 serves as a con-
denser, and the indoor heat exchanger 11 serves as
an evaporator. In this mode, a high-temperature and
high-pressure refrigerant discharged from the com-
pressor 1 enters the outdoor heat exchanger 4 to be
condensed via the oil separator 5 and the first four-
way valve 2, then enters the indoor heat exchanger
11 to be evaporated after being throttled by the liquid
pipe 7 and the first electronic expansion valve 12 of
the indoor heat exchanger 11, and then flows back
to the compressor 1 through the high-low pressure
gas pipe 8, the four-way valves, and the gas-liquid
separator 6. The above flow path is repeatedly cir-
culated. In this mode, a low-pressure gaseous re-
frigerant flows through the high-low pressure gas
pipe 8.

2) In a case where only the indoor module 300 op-
erates with a heating module. In this mode, the first
four-way valve 2 and the second four-way valve 3
are powered up, the first electronic expansion valves
12 of all the hydraulic modules 200 are turned off,
the first electromagnetic valve 13 and the second
electromagnetic valve 14 are both turned off, the out-
door heat exchanger 4 serves as an evaporator, and
the indoor heat exchanger 11 serves as acondenser.
In this mode, a high-temperature and high-pressure
refrigerant discharged from the compressor 1 enters
the indoor heat exchanger 11 to be condensed via
the oil separator 5, the four-way valves, and the high-
low pressure gas pipe 8, then enters the indoor heat
exchanger 11 to be evaporated via the liquid pipe 7
after being throttled by the first electronic expansion
valve 12 of the indoor heat exchanger 11, and then
flows back to the compressor 1 via the four-way
valves and the gas-liquid separator 6. The above
flow path is repeatedly circulated. In this mode, a
high-pressure gaseous refrigerant flows through the
high-low pressure gas pipe 8.

3) In a case where the indoor module 300 operates
in a refrigeration mode and the hydraulic module 200
operates in a water heating mode (heat recovery
mode). A suitable mode may be selected accordingly
according to the magnitude of arefrigeration demand
for the multi-split system. When the refrigeration de-
mand for the multi-split system is large and the water
heating demand is small, the following mode may be
used. In this mode, the first four-way valve 2 and the
second four-way valve 3 are powered down, the first
electronic expansion valve 12 of the hydraulic mod-
ule 200 is turned on, the first electromagnetic valve
13 is turned on, the second electromagnetic valve
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14 is turned off, the outdoor heat exchanger 4 serves
as acondenser, the indoor heatexchanger 11 serves
as an evaporator, and the hydraulic heat exchanger
10 serves as a condenser. In this mode, a high-tem-
perature and high-pressure refrigerant discharged
from the compressor 1 is divided into two parts via
the oil separator 5. One part of the refrigerant enters
the outdoor heat exchanger 4 to be condensed via
the first four-way valve 2 and then enters the liquid
pipe 7. The other part of the high-temperature and
high-pressure refrigerant enters the hydraulic heat
exchanger 10 to be condensed for heat release via
the high-pressure gas pipe 9, and then enters the
liquid pipe 7 after being throttled by the first electronic
expansion valve 12 of the hydraulic heat exchanger
10. The two parts of the refrigerant are mixed in the
liquid pipe 7, then enter the indoor heat exchanger
11 to be evaporated, and then flow back to the com-
pressor 1 through the high-low pressure gas pipe 8,
the second four-way valve 3, and the gas-liquid sep-
arator 6. The above flow path is repeatedly circulat-
ed. In this mode, a low-pressure gaseous refrigerant
flows through the high-low pressure gas pipe 8.
When the refrigeration demand for the multi-splitsys-
tem is small and the water heating demand is large,
the following mode may be used. In this mode, the
first four-way valve 2 is powered up, the second four-
way valve 3 is powered down, the first electronic ex-
pansion valve 12 of the hydraulic module 200 is
turned on, the first electromagnetic valve 13 is turned
on, the second electromagnetic valve 14 is turned
off, the outdoor heat exchanger 4 serves as an evap-
orator, the indoor heat exchanger 11 serves as an
evaporator, and the hydraulic heat exchanger 10
serves as a condenser. In this mode, a high-temper-
ature and high-pressure refrigerant discharged from
the compressor 1 enters the hydraulic heat exchang-
er 10 to be condensed for heat release via the oil
separator 5 and the high-pressure gas pipe 9, and
then enters the liquid pipe 7 to be divided into two
parts after being throttled by the first electronic ex-
pansion valve 12 of the hydraulic heat exchanger
10. One part of the refrigerant enters the indoor heat
exchanger 11 to be evaporated, and then flows back
to the compressor 1 along the high-low pressure gas
pipe 8, the second four-way valve 3, and the gas-
liquid separator 6. The other part of the refrigerant
enters the outdoor heat exchanger 4 to be evaporat-
ed for heat absorption and then flows back to the
compressor 1 via the first four-way valve 2 and the
gas-liquid separator 6. The above flow path is re-
peatedly circulated. In this mode, a low-pressure
gaseous refrigerant flows through the high-low pres-
sure gas pipe 8.

4) In a case where the indoor module 300 operates
in a heating mode and the hydraulic module 200 op-
erates in water heating. In this mode, the first four-
way valve 2 and the second four-way valve 3 are
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powered up, the first electronic expansion valve 12
of the hydraulic module 200 is turned on, the first
electromagnetic valve 13 is turned on, the second
electromagnetic valve 14 is turned off, the outdoor
heat exchanger 4 serves as an evaporator, the in-
door heat exchanger 11 serves as a condenser, and
the hydraulic heat exchanger 10 serves as a con-
denser. In this mode, a high-temperature and high-
pressure refrigerant discharged from the compres-
sor 1 is divided into two parts via the oil separator 5.
One part of the refrigerant enters the hydraulic heat
exchanger 10 to be condensed for heat release via
the high-pressure gas pipe 9, and then enters the
liquid pipe 7 after being throttled by the first electronic
expansion valve 12 of the hydraulic heat exchanger
10. The other part of the refrigerant enters the indoor
heat exchanger 11 to be condensed via the second
four-way valve 3 and the high-low pressure gas pipe
8 and then enters the liquid pipe 7. The two parts of
the refrigerant are mixed together, flow into the out-
door heat exchanger 4 to be evaporated via the liquid
pipe 7, and then flow back to the compressor 1 via
the first four-way valve and the gas-liquid separator
6. The above flow path is repeatedly circulated. In
this mode, a high-pressure gaseous refrigerant flows
through the high-low pressure gas pipe 8.

5) In a case where only the hydraulic module 200
operates in water heating. In this mode, the first four-
way valve 2 is powered up, the second four-way
valve 3 is powered down, the first electronic expan-
sion valve 12 of the indoor heat exchanger 11 is
turned off, the first electronic expansion valve 12 of
the hydraulic heat exchanger 10 is turned on, the
first electromagnetic valve 13 is turned on, the sec-
ond electromagnetic valve 14 is turned off, the out-
door heat exchanger 4 serves as an evaporator, the
indoor heat exchanger 11 does not work, and the
hydraulic heat exchanger 10 serves as a condenser.
In this mode, a high-temperature and high-pressure
refrigerant discharged from the compressor 1 enters
the hydraulic heat exchanger 10 to be condensed
for heat release via the high-pressure gas pipe 9,
then enters the outdoor heat exchanger 4 to be evap-
orated via the liquid pipe 7 after being throttled by
the first electronic expansion valve 12 of the hydrau-
lic heat exchanger 10, and then flows back to the
compressor 1 through the first four-way valve 2 and
the gas-liquid separator 6. The above flow path is
repeatedly circulated. In this mode, a high-pressure
gaseous refrigerant flows through the high-low pres-
sure gas pipe 8.

6) In a case where the indoor module 300 operates
in refrigeration and the hydraulic module 200 oper-
ates in water refrigeration. In this mode, the first four-
way valve 2 and the second four-way valve 3 are
powered down, the first electronic expansion valve
12 of the indoor heat exchanger 11 is turned off, the
first electronic expansion valve 12 of the hydraulic
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heat exchanger 10 is turned on, the first electromag-
netic valve 13 is turned off, the second electromag-
netic valve 14 is turned on, the outdoor heat ex-
changer 4 serves as a condenser, the indoor heat
exchanger 11 serves as an evaporator, and the hy-
draulic heat exchanger 10 serves as an evaporator.
In this mode, a high-temperature and high-pressure
refrigerant discharged from the compressor 1 enters
the outdoor heat exchanger 4 to be condensed via
the oil separator 5 and the first four-way valve 2, and
then is divided into two parts via the liquid pipe 7,
which respectively enter the indoor heat exchanger
11 and the hydraulic heat exchanger 10 to be evap-
orated, then enter the high-low pressure gas pipe 8,
the four-way valves, and the gas-liquid separator 6
respectively and then flow back to the compressor
1. The above flow path is repeatedly circulated. In
this mode, a low-pressure gaseous refrigerant flows
through the high-low pressure gas pipe 8.

7) In a case where only the hydraulic module 200
operates in water refrigeration. In this mode, the first
four-way valve 2 and the second four-way valve 3
are powered down, the first electronic expansion
valve 12 of the indoor heat exchanger 11 is turned
off, the first electronic expansion valve 12 of the hy-
draulic heat exchanger 10 is turned on, the first elec-
tromagnetic valve 13 is turned off, the second elec-
tromagnetic valve 14 is turned on, the outdoor heat
exchanger 4 serves as a condenser, the indoor heat
exchanger 11 does not work, and the hydraulic heat
exchanger 10 serves as an evaporator. In this mode,
a high-temperature and high-pressure refrigerant
discharged from the compressor 1 enters the out-
door heat exchanger 4 to be condensed via the oil
separator 5 and the first four-way valve 2, then enters
the hydraulic heat exchanger 10 to be evaporated
via the liquid pipe 7, and then flows back to the com-
pressor 1 through the high-low pressure gas pipe 8,
the second four-way valve 3, and the gas-liquid sep-
arator 6. The above flow path is repeatedly circulat-
ed. In this mode, a low-pressure gaseous refrigerant
flows through the high-low pressure gas pipe 8.

[0029] Based on all the above operation modes, the
multi-split system may perform water heating or water
refrigeration selectively as demanded while refrigerating,
so as to achieve the effect of energy saving. A multi-split
product has the characteristic of being multi-functional.
[0030] Referringto FIG. 2, in the present embodiment,
when the multi-split system is switched from the above
normal operation mode to the oil return mode, the first
four-way valve 2 and the second four-way valve 3 are
powered down, and operation modes of each set of in-
door modules and each set of hydraulic modules, the
on/off state of fans of the indoor heat exchanger 11 and
the hydraulic heat exchanger 10, opening degrees of the
first electronic expansion valve 12 of the indoor heat ex-
changer 11 and the first electronic expansion valve 12
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of the hydraulic heat exchanger 10, and the on/off state
of the first electromagnetic valve 13 and the second elec-
tromagnetic valve 14 are correspondingly adjusted
based on the previous operation modes of each set of
indoor modules and each set of hydraulic modules.
[0031] For ease of understanding, the oil return mode
is further explained below in connection with the following
four operation conditions.

1) In the present embodiment, when the multi-split
system only has one or more sets of indoor modules
300 switched from a refrigeration mode to an oil re-
turn mode, at least one set of indoor modules 300 is
operating in the refrigeration mode at this moment,
or some indoor modules may be in an off state or an
air supply state, and all the hydraulic modules 200
are in an off state. Then, the first four-way valve 2
and the second four-way valve 3 are powered down,
the indoor module 300 previously in the refrigeration
mode remains in a current operation state (i.e., the
indoor module 300 remains operating in the refrig-
eration mode, the fan remains on, and the first elec-
tronic expansion valve keeps a current opening de-
gree), and the fan of the indoor module 300 previ-
ously in an air supply state remains on and the first
electronic expansion valve 12 thereof is adjusted to
a predetermined opening degree (preferably 300
pulses). The first electronic expansion valve 12 of
the indoor module 300 previously in an off state is
adjusted to a predetermined opening (preferably 300
pulses). In this way, the high-temperature and high-
pressure refrigerant discharged from the compres-
sor 1 enters the outdoor heat exchanger 4 to be con-
densed for heat release via the first four-way valve
2, the condensed refrigerant enters each set of in-
door heat exchangers 11 to be evaporated for heat
absorption, and finally the refrigerant flows back to
the compressor 1 via the high-low pressure gas pipe
8, the second four-way valve 3, and the gas-liquid
separator. In addition, the first electromagnetic valve
13 of each set of hydraulic modules 200 previously
in the off state is turned off and the second electro-
magnetic valve 14 is turned on, and the first elec-
tronic expansion valve 12 of each set of hydraulic
modules 200 is adjusted to a predetermined opening
degree. In this way, the high-temperature and high-
pressure refrigerant discharged from the compres-
sor enters the hydraulic modules to heat water via
the high-pressure gas pipe, so that the hydraulic
modules are in a high temperature state, and there
is no possibility of freezing and bursting in a water
path thereof. In addition, since the oil return time is
generally short, the water temperature will not be
excessively high.

2) In the present embodiment, when the multi-split
system only has one or more sets of indoor modules
300 operating in a heating mode, at least one set of
indoor modules 300 is operating in the heating mode
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in this mode, or some indoor modules may be in an
off state, no indoor modules are in an air supply state,
and all the hydraulic modules 200 are in an off state.
Then, the first four-way valve 2 and the second four-
way valve 3 are powered down, the indoor module
300 previously in the heating mode is switched to
refrigeration use and the fan thereofis turned off, the
indoor module 300 previously in an off state remains
off, and the first electronic expansion valves 12 of
the indoor heat exchangers 11 of all the indoor mod-
ules 300 are adjusted to a predetermined opening
degree (preferably 300 pulses). In this way, a high-
temperature and high-pressure refrigerant dis-
charged from the compressor 1 enters the outdoor
heat exchanger 4 to be condensed for heat release
via the first four-way valve 2, the condensed refrig-
erant enters each set of indoor heat exchangers 11
to be evaporated for heat absorption, and finally the
refrigerant flows back to the compressor 1 via the
high-low pressure gas pipe 8, the second four-way
valve 3, and the gas-liquid separator. In addition, the
first electromagnetic valve 13 of each set of hydraulic
modules 200 previously in the off state is turned off
and the second electromagnetic valve 14 is turned
on, and the first electronic expansion valve 12 of
each set of hydraulic modules 200 is adjusted to a
predetermined opening degree. In this way, the high-
temperature and high-pressure refrigerant dis-
charged from the compressor enters the hydraulic
modules to heat water via the high-pressure gas
pipe, so that the hydraulic modules are in a high tem-
perature state, and there is no possibility of freezing
and bursting in a water path thereof. Inaddition, since
the oil return time is generally short, the water tem-
perature will not be excessively high.

3) When the multi-split system only has one or more
sets of hydraulic modules 200 operating in a water
heating mode, there are indoor modules in the sets
of indoor modules 300 in an air supply state or an
off state, no indoor modules are in a refrigeration or
heating mode, at least one set of hydraulic modules
200 is in a heating mode, and some hydraulic mod-
ules may be in an off mode. Then, the first four-way
valve 2 and the second four-way valve 3 are powered
down, each set of indoor modules 300 previously in
an off state remains off, the fan of each set of indoor
modules 300 previously in an air supply state re-
mains on, and the first electronic expansion valves
12 of the indoor heat exchangers 11 of all the indoor
modules 300 are adjusted to a predetermined open-
ing degree (preferably 300 pulses). In this way, a
high-temperature and high-pressure refrigerant dis-
charged from the compressor 1 enters the outdoor
heat exchanger 4 to be condensed for heat release
via the first four-way valve 2, the condensed refrig-
erant enters each set of indoor heat exchangers 11
to be evaporated for heat absorption, and finally the
refrigerant flows back to the compressor 1 via the
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high-low pressure gas pipe 8, the second four-way
valve 3, and the gas-liquid separator. In addition, the
firstelectromagnetic valve 13 of each set of hydraulic
modules 200 is turned off and the second electro-
magnetic valve 14 is turned on, each set of hydraulic
modules 200 previously in the water heating mode
remains in a current operation state (i.e., the hydrau-
lic module 200 remains operating in the water heat-
ing mode, the first electromagnetic valve 13 is turned
off, the second electromagnetic valve 14 is turned
on, and the first electronic expansion valve 12 keeps
a current opening degree), each set of hydraulic
modules 200 previously in the off state remains off
and the first electronic expansion valve 12 thereof is
adjusted to a predetermined opening degree. In this
way, the high-temperature and high-pressure refrig-
erantdischarged from the compressor enters the hy-
draulic modules to heat water via the high-pressure
gas pipe, so that the hydraulic modules are in a high
temperature state, and there is no possibility of freez-
ing and bursting in a water path thereof. In addition,
since the oil return time is generally short, the water
temperature will not be excessively high.

4) When the multi-split system has one or more sets
of indoor modules 300 operating in a heating mode
and one or more sets of hydraulic modules 200 op-
erating in a water heating mode, at least one set of
indoor modules 300 is operating in the heating mode
at this moment, or there may be some indoor mod-
ules in an off state, and no indoor modules are in a
refrigeration mode or an air supply state. Atleastone
set of hydraulic modules 200 is operating in the water
heating mode, there may be some hydraulic modules
in an off state, and no hydraulic modules are in a
water refrigeration mode. Then, the first four-way
valve 2 and the second four-way valve 3 are powered
down, each set of indoor modules 300 previously in
an off state remains off, each set of indoor modules
300 previously in the heating mode is switched to
refrigeration use and the fan thereof is turned off, the
fan of each set of indoor modules 300 previously in
an air supply state remains on, and thefirst electronic
expansion valves 12 of the indoor heat exchangers
11 of all the indoor modules 300 are adjusted to a
predetermined opening degree (preferably 300 puls-
es). In this way, a high-temperature and high-pres-
sure refrigerant discharged from the compressor 1
enters the outdoor heat exchanger 4 to be con-
densed for heat release via the first four-way valve
2, the condensed refrigerant enters each set of in-
door heat exchangers 11 to be evaporated for heat
absorption, and finally the refrigerant flows back to
the compressor 1 via the high-low pressure gas pipe
8, the second four-way valve 3, and the gas-liquid
separator. In addition, the first electromagnetic valve
13 of each set of hydraulic modules 200 is turned off
and the second electromagnetic valve 14 is turned
on, each set of hydraulic modules 200 previously in
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the water heating mode remains in a current opera-
tion state (i.e., the hydraulic module 200 remains op-
erating in the water heating mode, the first electro-
magnetic valve 13 is turned off, the second electro-
magnetic valve 14 is turned on, and the first elec-
tronic expansion valve 12 keeps a current opening
degree), each set of hydraulic modules 200 previ-
ously in the off state remains off and the first elec-
tronic expansion valve 12 thereof is adjusted to a
predetermined opening degree. In this way, the high-
temperature and high-pressure refrigerant dis-
charged from the compressor enters the hydraulic
modules to heat water via the high-pressure gas
pipe, so that the hydraulic modules are in a high tem-
perature state, and there is no possibility of freezing
and bursting in a water path thereof. Inaddition, since
the oil return time is generally short, the water tem-
perature will not be excessively high.

5) When the multi-split system has one or more sets
of indoor modules 300 operating in a refrigeration
mode and one or more sets of hydraulic modules
200 operating in a water heating mode, at least one
set of indoor modules 300 is operating in the refrig-
eration mode at this moment, or there may be some
indoor modules in an off state, and no indoor mod-
ules are in a heating mode or an air supply state. At
least one set of hydraulic modules 200 is operating
in the water heating mode, there may be some hy-
draulicmodules in an off state, and no hydraulic mod-
ules are in a water refrigeration mode. Then, the first
four-way valve 2 and the second four-way valve 3
are powered down, the indoor module 300 previously
in the refrigeration mode remains in a current oper-
ating state, the fan of the indoor module 300 previ-
ously in an air supply state remains on, and the first
electronic expansion valves 12 of the indoor heat
exchangers 11 of the indoor modules 300 previously
in the air supply state and an off state are adjusted
to a predetermined opening degree (preferably 300
pulses). In this way, a high-temperature and high-
pressure refrigerant discharged from the compres-
sor 1 enters the outdoor heat exchanger 4 to be con-
densed for heat release via the first four-way valve
2, the condensed refrigerant enters each set of in-
door heat exchangers 11 to be evaporated for heat
absorption, and finally the refrigerant flows back to
the compressor 1 via the high-low pressure gas pipe
8, the second four-way valve 3, and the gas-liquid
separator. In addition, the first electromagnetic valve
13 of each set of hydraulic modules 200 is turned off
and the second electromagnetic valve 14 is turned
on, each set of hydraulic modules 200 previously in
the water heating mode remains in a current opera-
tion state (i.e., the hydraulic module 200 remains op-
erating in the water heating mode, the first electro-
magnetic valve 13 is turned off, the second electro-
magnetic valve 14 is turned on, and the first elec-
tronic expansion valve 12 keeps a current opening
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degree), each set of hydraulic modules 200 previ-
ously in the off state remains off and the first elec-
tronic expansion valve 12 thereof is adjusted to a
predetermined opening degree. In this way, the high-
temperature and high-pressure refrigerant dis-
charged from the compressor enters the hydraulic
modules to heat water via the high-pressure gas
pipe, so that the hydraulic modules are in a high tem-
perature state, and there is no possibility of freezing
and bursting in a water path thereof. In addition, since
the oil return time is generally short, the water tem-
perature will not be excessively high.

[0032] By switching the above four different operation
conditions to the oil return mode, a series of adjustment
actions are performed on the indoor modules 300 and
the hydraulic modules 200, so as to ensure that all pipe-
lines of the system can operate while oil return can be
achieved, there is no risk of freezing and bursting pipe-
lines of the hydraulic modules, the oil return effectis good,
and the system reliability is high.

[0033] The embodiments described above are pre-
ferred embodiments of the present invention and are not
intended to limit the present invention. Any person skilled
in the art, without departing from the scope of the tech-
nical solution of the present invention as defined by the
claims, can use the technical content disclosed above to
make more possible alterations, modifications, or chang-
es to the technical solution of the present invention, all
of which may be embodiments of the present invention..

Claims

1. Anoil return control method of a multi-functional mul-
ti-split system with two four-way valves, the multi-
split system comprising

an outdoor unit (100),

at least one set of hydraulic modules (200),

at least one set of indoor modules (300),

a liquid pipe (7),

a high-low pressure gas pipe (8), and

a high-pressure gas pipe (9),

wherein the outdoor unit (100) comprises acom-
pressor (1), a first four-way valve (2), a second
four-way valve (3), and an outdoor heat ex-
changer (4),

wherein an output end of the compressor (1) is
respectively connected to a first port (D) of the
first four-way valve (2) and a first port (D) of the
second four-way valve (3), an input end of the
compressor (1) is respectively connected to a
second port (S) of the first four-way valve (2)
and a second port (S) of the second four-way
valve (3), a third port (E) of the first four-way
valve (2) is connected to the second port (S) of
the second four-way valve (3) via a throttling
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unit, a third port (C) of the second four-way valve
(3) is connected to the second port (S) of the
first four-way valve (2) via a throttling unit, and
a fourth port (C) of the first four-way valve (2) is
connected to the outdoor heat exchanger (4);
wherein one end of the liquid pipe (7) is connect-
ed to the outdoor heat exchanger (4), and the
other end of the liquid pipe (7) is respectively
connected to one end of a hydraulic heat ex-
changer (10) of each set of hydraulic modules
(200) and one end of an indoor heat exchanger
(11) of each set of indoor modules (300);
wherein one end of the high-pressure gas pipe
(9) is connected between the four-way valves
and the output end of the compressor (1) by by-
passing, and the other end of the high-pressure
gas pipe (9) is connected to the other end of the
hydraulic heat exchanger (10) of each set of hy-
draulic modules (200);

wherein one end of the high-low pressure gas
pipe (8) is connected to a fourth port (E) of the
second four-way valve (3), and the other end of
the high-low pressure gas pipe (8) is respective-
ly connected to the other end of the hydraulic
heat exchanger (10) of each set of hydraulic
modules (200) and the other end of the indoor
heat exchanger (11) of each set of indoor mod-
ules (300);

wherein a first electronic expansion valve (12)
is arranged between the liquid pipe (7) and each
hydraulic heat exchanger (10) and each indoor
heat exchanger (11);

wherein a first electromagnetic valve (13) is ar-
ranged between the high-pressure gas pipe (9)
and any one of the hydraulic heat exchangers
(10); and

wherein a second electromagnetic valve (14) is
arranged between the high-low pressure gas
pipe (8) and any one of the hydraulic heat ex-
changers (10);

the method comprising, when the multi-split sys-
tem is switched from a normal operation mode
to an oil return mode, powering down the first
four-way valve (2) and the second four-way
valve (3), and adjusting operation modes of each
set of indoor modules (300) and each set of hy-
draulic modules (200), the on/off state of fans of
theindoor heat exchangers (11) and the hydrau-
lic heat exchangers (10), opening degrees of the
first electronic expansion valves (12) of the in-
door heat exchangers (11) and the first electron-
ic expansion valves (12) of the hydraulic heat
exchangers (10), and the on/off state of the first
electromagnetic valves (13) and the second
electromagnetic valves (14) correspondingly
based on the previous operation modes of each
set of indoor modules (300) and each set of hy-
draulic modules (200).
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The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to claim 1, wherein the method comprises, when
the multi-split system only has one or more sets of
indoor modules (300) switched from a refrigeration
mode to the oil return mode, powering down the first
four-way valve (2) and the second four-way valve
(3), keeping the indoor module (300) previously in
the refrigeration mode in a current operating state,
keeping the fan of the indoor module (300) previously
in an air supply state on and adjusting the first elec-
tronic expansion valve (12) thereof to a predeter-
mined opening degree, and adjusting the first elec-
tronic expansion valve (12) of the indoor module
(300) previously in an off state to a predetermined
opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to claim 1 or 2, wherein the method comprises,
when the multi-split system only has one or more
sets ofindoor modules (300) switched from a heating
mode to the oil return mode, powering down the first
four-way valve (2) and the second four-way valve
(3), switching the indoor module (300) previously in
the heating mode to refrigeration use and turning off
the fan thereof, keeping off the indoor module (300)
previously in an off state , and adjusting the firstelec-
tronic expansion valves (12) of the indoor heat ex-
changers (11) of all the indoor modules (300) to a
predetermined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to claim 2 or 3, wherein the method comprises,
when the multi-split system only has one or more
sets of indoor modules (300) switched from a heat-
ing/refrigeration mode to the oil return mode, turning
off the first electromagnetic valve (13) of each set of
hydraulic modules (200) previously in an off state
and turning on the second electromagnetic valve
(14), and adjusting the first electronic expansion
valve (12) of each set of hydraulic modules (200) to
a predetermined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to any preceding claim, wherein the method com-
prises, when the multi-split system only has one or
more sets of hydraulic modules (200) switched from
a water heating mode to the oil return mode, power-
ing down the first four-way valve (2) and the second
four-way valve (3), keeping each set of indoor mod-
ules (300) previously in an off state off, keeping the
fan of each set of indoor modules (300) previously
in an air supply state on, and adjusting the first elec-
tronic expansion valves (12) of the indoor heat ex-
changers (11) of all the indoor modules (300) to a
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predetermined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to any preceding claim, wherein the method com-
prises, when the multi-split system has one or more
sets ofindoor modules (300) switched from a heating
mode to the oil return mode and one or more sets of
hydraulic modules (200) switched from a water heat-
ing mode to the oil return mode, powering down the
first four-way valve (2) and the second four-way
valve (3), keeping each set of indoor modules (300)
previously in an off state off, switching each set of
indoor modules (300) previously in the heating mode
to refrigeration use and turning the fan thereof off,
keeping the fan of each set of indoor modules (300)
previously in an air supply state on, and adjusting
the first electronic expansion valves (12) of the in-
door heat exchangers (11) of all the indoor modules
(300) to a predetermined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to any preceding claim, wherein, the method
comprises, when the multi-split system has one or
more sets of indoor modules (300) switched from a
refrigeration mode to the oil return mode and one or
more sets of hydraulic modules (200) switched from
a water heating mode to the oil return mode, power-
ing down the first four-way valve (2) and the second
four-way valve (3), keeping the indoor module (300)
previously in the refrigeration mode in a current op-
erating state, keeping the fan of the indoor module
(300) previously in an air supply state on, and ad-
justing the first electronic expansion valves (12) of
the indoor heat exchangers (11) of the indoor mod-
ules (300) previously in the air supply state and an
off state to a predetermined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ingto claim 5, 6 or 7, wherein, the method comprises,
when the multi-split system only has one or more
sets of hydraulic modules (200) switched from a wa-
ter heating mode to the oil return mode, or has one
or more sets of indoor modules (300) switched from
a heating mode to the oil return mode and one or
more sets of hydraulic modules (200) switched from
a water heating mode to the oil return mode, or has
one or more sets of indoor modules (300) switched
from a refrigeration mode to the oil return mode and
one or more sets of hydraulic modules (200)
switched from a water heating mode to the oil return
mode, turning off the first electromagnetic valve (13)
of each set of hydraulic modules (200) and turning
on the second electromagnetic valve (14), keeping
each set of hydraulic modules (200) previously in the
water heating mode in a current operating state,
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keeping each set of hydraulic modules (200) previ-
ously in an off state off, and adjusting the first elec-
tronic expansion valve (12) thereof to a predeter-
mined opening degree.

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to any preceding claim, comprising: an oil sepa-
rator (5) arranged at the output end of the compres-
sor (1).

The oil return control method of a multi-functional
multi-split system with two four-way valves accord-
ing to any preceding claim, comprising: a gas-liquid
separator (6) arranged at the input end of the com-
pressor (1).
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