
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

15
0 

94
2

A
1

TEPZZ¥_5Z94 A_T
(11) EP 3 150 942 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
05.04.2017 Bulletin 2017/14

(21) Application number: 15874888.9

(22) Date of filing: 28.08.2015

(51) Int Cl.:
F25B 49/02 (2006.01) F24F 11/00 (2006.01)

(86) International application number: 
PCT/CN2015/088396

(87) International publication number: 
WO 2016/107202 (07.07.2016 Gazette 2016/27)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(30) Priority: 29.12.2014 CN 201410849263

(71) Applicants:  
• GD Midea Heating & Ventilating Equipment Co., 

Ltd.
528311 Foshan Guangdong (CN)

• Midea Group Co., Ltd.
Foshan,  Guangdong 528311 (CN)

(72) Inventors:  
• MA, Xihua

Foshan
Guangdong 528311 (CN)

• XU, Yongfeng
Foshan
Guangdong 528311 (CN)

• XIONG, Meibing
Foshan
Guangdong 528311 (CN)

• HU, Weilong
Foshan
Guangdong 528311 (CN)

(74) Representative: Papa, Elisabetta et al
Società Italiana Brevetti S.p.A 
Piazza di Pietra, 39
00186 Roma (IT)

(54) REFRIGERANT CONTROL METHOD FOR MULTI-SPLIT MACHINE CONNECTED IN SERIES

(57) Disclosed is a refrigerant control method for a
multi-split machine connected in series, comprising: S1:
in a heating mode, comparing the superheat degree Tsh
of each outdoor unit (12) with the average superheat de-
gree Ta of multiple outdoor units (12); S2: if the superheat
degree Tsh of the present outdoor unit (12) is too high
relative to the average superheat degree Ta, increasing
the refrigerant amount into the present outdoor unit (12);
and S3: if the superheat degree Tsh of the present out-
door unit (12) is too low relative to the average superheat
degree Ta, decreasing the refrigerant amount into the
present outdoor unit (12). Therefore, the refrigerant
amount into each outdoor unit (12) is determined by com-
paring the superheat degree Tsh of the present outdoor
unit (12) with the average superheat degree Ta. The re-
frigerant amount into each outdoor unit (12) is adjusted
from a systemic overall perspective, so that the compres-
sor (122) can work in a good operation range, avoiding
problems resulting from too high or insufficient superheat
degree of the compressor (122), and the operation reli-
ability of the multi-split machine is increased.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and benefits
of Chinese Patent Application Serial No. 201410849263.
X, filed with the State Intellectual Property Office of P. R.
China on December 29, 2014, the entire content of which
is incorporated herein by reference.

FIELD

[0002] The present disclosure relates to refrigeration
technology, and more particularly relates to a method for
controlling refrigerant in an air conditioning system.

BACKGROUND

[0003] In an air conditioning system with multiple out-
door units connected in parallel, various differences,
such as a size of a heat exchanger of each outdoor unit,
an inspiratory capacity of a compressor of each outdoor
unit, using environment and system loading changed
over time, as well as installing standardized degree, may
lead to an uneven distribution of refrigeration returned
from an indoor unit(s) between the outdoor units when
the outdoor units are operated in a heating mode. Less
refrigeration distributed to some outdoor units may be
evaporated easily in the heat exchangers of these out-
door units and superheat may be formed; more refriger-
ation distributed to some outdoor units cannot be evap-
orated completely because heat exchange capacities of
the heat exchangers of these outdoor units are limited.
As a result, the superheat degrees of some compressors
are too high, while the superheat degrees of some com-
pressors are too low. The too high superheat degree of
the compressor may lead to a poor heat dissipation of a
motor of the compressor, and too high temperature may
also result in a metamorphism of refrigerant oil in the
compressor easily so as to lead a poor lubrication, there-
by influencing the lifetime of the compressor; on the other
hand, the too low superheat degree of the compressor
may indicate that the refrigeration at an admission port
of the compressor may be in a liquid state, and com-
pressibility of the redundant refrigeration which has not
been evaporated completely may be poor, which may
lead to an increase of current power of the compressor,
and the refrigerant oil may be diluted at the same time
because of the liquid refrigeration, which may lead to a
decrease of the refrigerant oil entered into the compres-
sion chamber of the compressor, so as to aggravate abra-
sion of the compression chamber. According to adjusting
methods in the related arts, a compressor of a single
outdoor unit is generally treated as an object to adjust.
However, the adjusting of each outdoor unit in the air
conditioning system may influence each other, so that
the air conditioning system may not acquire an overall
control. Thus, the superheat degrees of compressors in

the air conditioning system must be guaranteed in a prop-
er range, and there should not be great differences be-
tween the superheat degrees of the outdoor units.

SUMMARY

[0004] Embodiments of the present disclosure seek to
solve at least one of the problems existing in the related
art. Accordingly, the present disclosure provides a meth-
od for controlling refrigerant in an air conditioning system.
[0005] The method for controlling refrigerant in an air
conditioning system according to embodiments of the
present disclosure includes:

S1: in a heating mode, comparing a superheat de-
gree of each outdoor unit with an average superheat
degree of a plurality of outdoor units;
S2: if the superheat degree of a present outdoor unit
is too high relative to the average superheat degree,
increasing a refrigerant amount entered into the
present outdoor unit; and
S3: if the superheat degree of the present outdoor
unit is too low relative to the average superheat de-
gree, decreasing the refrigerant amount entered into
the present outdoor unit.

[0006] In some embodiments, the superheat degree
of the outdoor unit is a superheat degree of a compressor
of the outdoor unit or a superheat degree at an outlet of
a heat exchanger of the outdoor unit.
[0007] In some embodiments, the superheat degree
of the present outdoor unit is too high relative to the av-
erage superheat degree, which refers to that the super-
heat degree of the present outdoor unit is greater than
the average superheat degree by a preset amplitude; the
superheat degree of the present outdoor unit is too low
relative to the average superheat degree, which refers
to that the superheat degree of the present outdoor unit
is smaller than the average superheat degree by the pre-
set amplitude.
[0008] In some embodiments, in the act S2, the refrig-
erant amount entered into the present outdoor unit is in-
creased by turning up an open degree of an electronic
expansion valve in front of a compressor of the outdoor
unit; in the act S3, the refrigerant amount entered into
the present outdoor unit is decreased by turning down
the open degree of the electronic expansion valve in front
of the compressor of the outdoor unit.
[0009] In some embodiments, after the act S2, the
method also includes:

S21: judging whether both the superheat degree of
the present outdoor unit and the average superheat
degree are higher than a preset maximum superheat
degree after a first preset time period; if yes, moving
to an act S22, and if no, returning to the act S1 after
a second preset time period; and
S22: increasing the refrigerant amount entered into
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the present outdoor unit, and returning to the act S1
after the second preset time period.

[0010] In some embodiments, after the act S3, the
method also includes:

S31: judging whether both the superheat degree of
the present outdoor unit and the average superheat
degree are lower than a preset minimum superheat
degree after a third preset time period; if yes, moving
to an act S32, if no, returning to the act S1 after a
fourth preset time period; and
S32: decreasing the refrigerant amount entered into
the present outdoor unit, and returning to the act S1
after the fourth preset time period.

[0011] In some embodiments, the method also in-
cludes:

S4: if the superheat degree of the present outdoor
unit is not too high or too low relative to the average
superheat degree, judging whether the average su-
perheat degree is greater than a preset maximum
superheat degree;
S5: if the average superheat degree is greater than
the preset maximum superheat degree, increasing
the refrigerant amount entered into the present out-
door unit, and returning to the act S 1 after a fifth
preset time period;
S6: if the average superheat degree is not greater
than the preset maximum superheat degree, judging
whether the average superheat degree is smaller
than a preset minimum superheat degree;
S7: if the average superheat degree is smaller than
the preset minimum superheat degree, decreasing
the refrigerant amount entered into the present out-
door unit, and returning to the act S 1 after a sixth
preset time period;
S8: if the average superheat degree is not smaller
than the preset minimum superheat degree, main-
taining the refrigerant amount entered into the
present outdoor unit.

[0012] In the method for controlling refrigerant in a pref-
erable embodiment of the present disclosure, the refrig-
erant amount entered into each outdoor unit is deter-
mined by comparing the superheat degree of the present
outdoor unit with the average superheat degree (system
level). The refrigerant amount entered into each outdoor
unit is adjusted from a systemic overall perspective, so
that the compressor can work in a good operation range,
avoiding problems resulting from too high or insufficient
superheat degree of the compressor, and operation re-
liability of the air conditioning system is increased.
[0013] Additional aspects and advantages of embodi-
ments of present disclosure will be given in part in the
following descriptions, become apparent in part from the
following descriptions, or be learned from the practice of

the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other aspects and advantages of
embodiments of the present disclosure will become ap-
parent and more readily appreciated from the following
descriptions made with reference to the drawings, in
which:

Fig. 1 is a schematic diagram of an air conditioning
system applied with a system and a method for con-
trolling refrigerant according to a preferable embod-
iment of the present disclosure;
Fig. 2 is a flow chart of a method for controlling re-
frigerant according to a preferable embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0015] Reference will be made in detail to embodi-
ments of the present disclosure, where the same or sim-
ilar elements and the elements having same or similar
functions are denoted by like reference numerals
throughout the descriptions. The embodiments de-
scribed herein with reference to drawings are explana-
tory, and used to generally understand the present dis-
closure. The embodiments shall not be construed to limit
the present disclosure.
[0016] The method for controlling refrigerant in an air
conditioning system according to embodiments of the
present disclosure will be further described with refer-
ence to drawings.
[0017] Fig. 1 depicts an air conditioning system 10 ap-
plied with a method for controlling refrigerant according
to a preferable embodiment of the present disclosure.
The air conditioning system 10 includes a plurality of out-
door units 12 connected in parallel and a plurality of in-
door units 14 connected in parallel. The outdoor units 12
are connected with the indoor units 14, and the refrigerant
(not depicted in the drawing, such as Freon) is cycled
between the outdoor units 12 and the indoor units 14.
When the air conditioning system 10 is heating, the re-
frigerant is compressed by a compressor 122 of the out-
door unit 12, and becomes gas with high temperature
and high pressure and enters into a heat exchanger
(which is a condenser now, not depicted in the drawing)
of the indoor unit 14, and becomes liquid through con-
densation, liquidation and heat releasing. At the same
time, the indoor air may be heated so as to increase the
indoor temperature. The liquid may be decompressed
through a throttling device, enter into a heat exchanger
124 (which is an evaporator now) of the outdoor unit 12,
and becomes gas through evaporation, gasification and
heat absorption. At the same time, heat of the outdoor
gas may be absorbed (which means the outdoor gas may
become colder). The gas refrigerant may enter into the
compressor 122 again and start the next cycle.
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[0018] Along with the trend of the refrigerant, each out-
door unit 12 also includes an electronic expansion valve
126 in front of the heat exchanger 124 and a four-way
valve 128 in front of the compressor 122.
[0019] The electronic expansion valve 126 may adjust
an open degree thereof according to a preset program
or a control signal, so as to adjust a refrigerant amount
entered into the heat exchanger 124. For example, the
refrigerant amount entered into the outdoor unit 12 may
be increased by turning up the open degree of the elec-
tronic expansion valve 126. On the contrary, the refrig-
erant amount entered into the outdoor unit 12 may be
decreased by turning down the open degree of the elec-
tronic expansion valve 126. The electronic expansion
valve 126 may be an electromagnetic expansion valve
or a power-driven expansion valve. In this embodiment,
the electronic expansion valve 126 is the electromagnetic
expansion valve.
[0020] The four-way valve 128 has four hydraulic fluid
ports A-D. In a heating mode, A connects to B, and C
connects to D. The refrigerant may be compressed by
the compressor 122 and become gap with high temper-
ature and high pressure. The gap passes the port A of
the four-way valve 128 and gets out through the port B,
and then enters into the indoor heat exchanger (a con-
denser), and becomes liquid with medium temperature
and high pressure after cold imbibition and heat releasing
at the condenser, and becomes liquid with low temper-
ature and low pressure through the electronic expansion
valve 126, and becomes gas with low temperature and
low pressure after heat imbibition and cold releasing at
the outdoor heat exchanger 124 (an evaporator), and
then passes the port D of the four-way valve 128 and
back to the compressor 122 through the port C, and the
cycle is continued thereafter.
[0021] The air conditioning system 10 of this embodi-
ment also includes a system 16 for controlling refrigerant
configured to control the refrigerant distribution between
each outdoor unit 12. The system 16 may include a tem-
perature sensor set in each outdoor unit 12 and a control
system of the air conditioning system (not depicted in the
drawing).
[0022] Referring to Fig. 2, the method for controlling
refrigerant in a preferable embodiment of the present dis-
closure may be realized by the system 16, and includes
the followings.

S1: in a heating mode, a superheat degree of each
outdoor unit 12 is compared with an average super-
heat degree of the plurality of outdoor units 12;
S2: if the superheat degree Tsh of a present outdoor
unit 12 is too high relative to the average superheat
degree Ta, a refrigerant amount entered into the
present outdoor unit 12 is increased; and
S3: if the superheat degree Tsh of the present out-
door unit 12 is too low relative to the average super-
heat degree Ta, the refrigerant amount entered into
the present outdoor unit 12 is decreased.

[0023] In the method and the system for controlling re-
frigerant in a preferable embodiment of the present dis-
closure, the refrigerant amount entered into each outdoor
unit 12 is determined by comparing the superheat degree
of the present outdoor unit 12 with the average superheat
degree (system level). The refrigerant amount entered
into each outdoor unit 12 is adjusted from a systemic
overall perspective, so that the compressor 122 can work
in a good operation range, avoiding problems resulting
from too high or insufficient superheat degree of the com-
pressor 122, and operation reliability of the air condition-
ing system 10 is increased.
[0024] In this embodiment, in the act S1, the superheat
degree of the outdoor unit 12 is a superheat degree of
the compressor 122 of the outdoor unit 12. In other em-
bodiments, the superheat degree of the outdoor unit 12
may be a superheat degree at an outlet of a heat ex-
changer 124 of the outdoor unit 12.
[0025] The act S1 may be realized by the system 16.
Specifically, the temperature sensors of the system 16
may measure various required temperature value (such
as the temperature value of exhaust pipe of each com-
pressor 122), and then the system 16 calculates the su-
perheat degree Tsh of each outdoor unit 12 and the av-
erage superheat degree Ta according to the temperature
values and conducts a comparing thereafter. In other
words, in the act S1, temperature measuring and calcu-
lating the superheat degree Tsh of each outdoor unit 12
and the average superheat degree Ta are also included
actually.
[0026] It should be noted firstly that, in this embodi-
ment, in acts S2-S3, the present outdoor unit 12 refers
to the outdoor unit 12 which is under the control currently.
Actually, the system and the method for controlling re-
frigerant according to a preferable embodiment of the
present disclosure may control each outdoor unit at the
same time or in a certain order.
[0027] In this embodiment, in the act S2, the superheat
degree Tsh of the present outdoor unit 12 is too high
relative to the average superheat degree Ta, which indi-
cates that Tsh-Ta>ΔT. In the act S3, the superheat de-
gree Tsh of the present outdoor unit 12 is too low relative
to the average superheat degree Ta, which indicates that
Ta-Tsh >ΔT. In the act S2, the refrigerant amount entered
into the present outdoor unit 12 is increased by turning
up the open degree of the electronic expansion valve 126
of the outdoor unit 12; in the act S3, the refrigerant amount
entered into the present outdoor unit 12 is decreased by
turning down the open degree of the electronic expansion
valve 126 in front of the compressor 122 of the outdoor
unit 12.
[0028] Certainly, in other embodiments, it is judged
whether the superheat degree Tsh of the present outdoor
unit 12 is too high or too low relative to the average su-
perheat degree Ta in other ways and not be limited to
this embodiment.
[0029] The acts S2-S3 may be realized by the system
16. Specifically, after comparing the superheat degree

5 6 



EP 3 150 942 A1

5

5

10

15

20

25

30

35

40

45

50

55

Tsh of the present outdoor unit 12 with the average su-
perheat degree Ta, the system 16 may adjust the refrig-
erant amount into the present outdoor unit 12 by control-
ling the open degree of the electronic expansion valve
126 according to the comparing result. Thus, the open
degree of the electronic expansion valve 126 is needed
to be initialized at the time of initialization of the system
and the method for controlling refrigerant.
[0030] Therefore, in this embodiment, the method for
controlling refrigerant also includes followings.
[0031] S0: the open degree of the electronic expansion
valve 126 is initialized to E.
[0032] In the act S2, a range of increasing the open
degree E is ΔE1, i.e. E+ΔE1. In the act S3, a range of
decreasing the open degree E is also ΔE1, i.e. E-ΔE1.
[0033] It may be understood that the specific values of
E and ΔE1 depend on actual using environment and re-
quirements.
[0034] In this embodiment, after the act S2, the method
for controlling refrigerant also includes followings.

S21: it is judged whether both the superheat degree
Tsh of the present outdoor unit 12 and the average
superheat degree Ta are higher than a preset max-
imum superheat degree Tmax after a first preset time
period t1; if they are, an act S22 is moved to, and if
they are not, the act S1 is returned to after a second
preset time period t2; and
S22: the refrigerant amount entered into the present
outdoor unit 12 is increased and the act S1 is re-
turned to after the second preset time period t2.

[0035] It may be understood that, after adjusting in the
act S2, and further after the first preset time period t1, if
the superheat degree Tsh of the present outdoor unit 12
and the average superheat degree Ta are higher than
the preset maximum superheat degree Tmax, it may be
judged that the refrigerant amount of the present outdoor
unit 12 is still insufficient. As a result, the superheat de-
gree exceeds the preset maximum superheat degree
Tmax and the average superheat degree Ta is pushed
up correspondingly, so the refrigerant amount entered
into the present outdoor unit 12 is needed to be increased
in the act S22. In the act S22, a range of increasing the
open degree E is ΔE2, i.e. E+ΔE2. After increasing the
refrigerant amount entered into the present outdoor unit
12 in the act S22, the control may be conducted contin-
uously when returning to the act S1 again after the sec-
ond preset time period t2. Certainly, if it is not judged that
the refrigerant amount of the present outdoor unit 12 is
still insufficient, the control may be conducted continu-
ously when returning to the act S1 again directly after the
act S21.
[0036] The acts S21-S22 may be realized by the sys-
tem 16. Specifically, the temperature sensors of the sys-
tem 16 may measure various required temperature val-
ues (such as the temperature value of exhaust pipe of
each compressor 122), and then the system calculates

the superheat degree Tsh of each outdoor unit 12 and
the average superheat degree Ta according to the tem-
perature values and conducts a comparing with Tmax
thereafter.
[0037] It may be understood that the specific values of
ΔE2, the first preset time period t1 and the second preset
time period t2 depend on actual using environment and
requirements, and the values may be the same or may
be different.
[0038] In this embodiment, after the act S3, the method
for controlling refrigerant also includes followings.
[0039] S31: it is judged whether both the superheat
degree Tsh of the present outdoor unit 12 and the aver-
age superheat degree Ta are lower than a preset mini-
mum superheat degree Tmin after a third preset time
period t3; if they are, the act S32 is moved to, and if they
are not, the act S1 is returned after a fourth preset time
period t4; and

S32: the refrigerant amount entered into the present
outdoor unit 12 is decreased and the act S1 is re-
turned after the fourth preset time period t4.

[0040] It may be understood that, after adjusting in the
act S3, and further after the third preset time period t3,
if the superheat degree Tsh of the present outdoor unit
12 and the average superheat degree Ta are lower than
the preset minimum superheat degree Tmin, it may be
judged that the refrigerant amount of the present outdoor
unit 12 is still overmuch. As a result, the superheat degree
exceeds the preset minimum superheat degree Tmin and
the average superheat degree Ta is pushed down cor-
respondingly, so the refrigerant amount entered into the
present outdoor unit 12 is needed to be decreased in the
act S32. In the act S32, a range of decreasing the open
degree E is ΔE2, i.e. E-ΔE2. After decreasing the refrig-
erant amount entered into the present outdoor unit 12 in
act S32, the control may be conducted continuously
when returning to the act S1 again after the fourth preset
time period t4. Certainly, if it is not judged that the refrig-
erant amount of the present outdoor unit 12 is still insuf-
ficient, the control may be conducted continuously when
returning to the act S1 again directly after the act S31.
[0041] The acts S31-S32 may be realized by the sys-
tem 16. Specifically, the temperature sensors of the sys-
tem 16 may measure various required temperature val-
ues (such as the temperature value of exhaust pipe of
each compressor 122), and then the system calculates
the superheat degree Tsh of each outdoor unit 12 and
the average superheat degree Ta according to the tem-
perature values and conducts a comparing with Tmin
thereafter.
[0042] In this embodiment, if the superheat degree Tsh
of the present outdoor unit 12 is not too high neither too
low relative to the average superheat degree Ta, which
means that Tsh-Ta>ΔT and Ta-Tsh >ΔT are both false,
the method for controlling refrigerant also includes fol-
lowings.
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S4: if the superheat degree Tsh of the present out-
door unit is not too high or too low relative to the
average superheat degree Ta, it is judged whether
the average superheat degree Ta is greater than the
preset maximum superheat degree Tmax;
S5: if the average superheat degree Ta is greater
than the preset maximum superheat degree Tmax,
the refrigerant amount entered into the present out-
door unit 12 is increased and the act S1 is returned
to after a fifth preset time period t5;
S6: if the average superheat degree Ta is not greater
than the preset maximum superheat degree Tmax,
it is judged whether the average superheat degree
Ta is smaller than the preset minimum superheat
degree Tmin;
S7: if the average superheat degree Ta is smaller
than the preset minimum superheat degree Tmin,
the refrigerant amount entered into the present out-
door unit 12 is decreased, and the act S1 is returned
to after a sixth preset time period;
S8: if the average superheat degree Ta is not smaller
than the preset minimum superheat degree Tmin,
the refrigerant amount entered into the present out-
door unit 12 is maintained.

[0043] It may be understood that, adding the acts S4-
S8 is to avoid that it is not the too high or too low superheat
degree of the whole system. Under this circumstance,
although the superheat degree of a single outdoor unit
12 is unable to compare with that of the system so as to
judge whether the superheat degree is too high or too
low, the refrigerant amount of the present outdoor unit
12 is needed to be controlled according to the superheat
degree of the system. In other words, if it is judged that
the superheat degree of the system is too high in the act
S4 and is greater than the maximum superheat degree
Tmax, the refrigerant amount of the present outdoor unit
12 may be increased in the act S5 and the control may
be conducted continuously when returning to the act S1
after the fifth preset time period t5, otherwise, it is judged
that the superheat degree of the system is too low in the
act S5 after the act S4 and is smaller than the minimum
superheat degree Tmin, the refrigerant amount of the
present outdoor unit 12 may be decreased in the act S7
and the control may be conducted continuously when
returning to the act S1 after the sixth preset time period
t6, otherwise, the superheat degree of the system is
proved as normal and the open degree E is maintained.
[0044] In the act S5, the range of increasing the open
degree E is ΔE2, i.e. E+ΔE2. In the act S8, the range of
decreasing the open degree E is also ΔE2, i.e. E-ΔE2.
[0045] The acts S4-S8 may be realized by the system
16. Specifically, the temperature sensors of the system
16 may measure various required temperature values
(such as the temperature value of exhaust pipe of each
compressor 122), and then the system 16 calculates the
average superheat degree Ta according to the temper-
ature values and conducts a comparing with the maxi-

mum superheat degree Tmax and the minimum super-
heat degree Tmin thereafter.
[0046] It may be understood that the first preset time
period t1, the second preset time period t2, the third pre-
set time period t3, the fourth preset time period t4, the
fifth preset time period t5 and the sixth preset time period
t6 may be the same or may be different. ΔE1 and ΔE2
may also be the same or may be different.
[0047] In the description of embodiments of the present
disclosure, it is to be understood that terms such as "cen-
tral," "longitudinal," "lateral," "length," "width," "thick-
ness," "upper," "lower," "front," "rear," "left," "right," "ver-
tical," "horizontal," "top," "bottom," "inner," "outer," "clock-
wise," "counterclockwise" etc. should be construed to re-
fer to the orientation or position relations as then de-
scribed or as shown in the drawings under discussion,
but do not alone indicate or imply that the device or ele-
ment referred to must have a particular orientation, and
it is not required that the present disclosure is constructed
or operated in a particular orientation. Thus, it should not
be understood as a limitation of the present disclosure.
In addition, terms such as "first" and "second" are used
herein for purposes of description and are not intended
to indicate or imply relative importance or significance or
to imply the number of indicated technical features. Thus,
the feature defined with "first" and "second" may com-
prise one or more of this feature. In the description of the
present invention, "a plurality of" means two or more than
two, unless specified otherwise.
[0048] In the description of embodiments of the present
disclosure, it is to be understood that, unless specified
or limited otherwise, the terms "mounted," "connected,"
"coupled," "fixed" and the like are used broadly, and may
be, for example, fixed connections, detachable connec-
tions, or integral connections; may also be mechanical
or electrical connections; may also be direct connections
or indirect connections via intervening structures; may
also be inner communications of two elements, which
can be understood by those skilled in the art according
to specific situations.
[0049] In the embodiments of the present disclosure,
unless specified or limited otherwise, a structure in which
a first feature is "on" or "below" a second feature may
include an embodiment in which the first feature is in
direct contact with the second feature, and may also in-
clude an embodiment in which the first feature and the
second feature are not in direct contact with each other,
but are contacted via an additional feature formed ther-
ebetween. Furthermore, a first feature "on," "above," or
"on top of" a second feature may include an embodiment
in which the first feature is right or obliquely "on," "above,"
or "on top of" the second feature, or just means that the
first feature is at a height higher than that of the second
feature; while a first feature "below," "under," or "on bot-
tom of" a second feature may include an embodiment in
which the first feature is right or obliquely "below," "un-
der," or "on bottom of" the second feature, or just means
that the first feature is at a height lower than that of the
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second feature.
[0050] Various embodiments and examples are pro-
vided in the following description to implement different
structures of the present disclosure. In order to simplify
the present disclosure, certain elements and settings will
be described. However, these elements and settings are
only by way of example and are not intended to limit the
present disclosure. In addition, reference numerals may
be repeated in different examples in the present disclo-
sure. This repeating is for the purpose of simplification
and clarity and does not refer to relations between differ-
ent embodiments and/or settings. Furthermore, exam-
ples of different processes and materials are provided in
the present disclosure. However, it would be appreciated
by those skilled in the art that other processes and/or
materials may be also applied.
[0051] In the description of embodiments of the present
disclosure, reference throughout this specification to
"one embodiment", "some embodiments," "an
embodiment" , "a specific example," or "some exam-
ples," means that a particular feature, structure, material,
or characteristic described in connection with the embod-
iment or example is included in at least one embodiment
or example of the present disclosure. In this specification,
the appearances of the phrases in various places
throughout this specification are not necessarily referring
to the same embodiment or example of the present dis-
closure. Furthermore, the particular features, structures,
materials, or characteristics may be combined in any suit-
able manner in one or more embodiments or examples.
[0052] Any process or method described in a flow chart
or described herein in other ways may be understood to
include one or more modules, segments or portions of
codes of executable instructions for achieving specific
logical functions or steps in the process, and the scope
of a preferred embodiment of the present disclosure in-
cludes other embodiments, which may not follow a shown
or discussed order according to the related functions in
a substantially simultaneous manner or in a reverse or-
der, to perform the function, which should be understood
by those skilled in the art.
[0053] The logic and/or step described in other man-
ners herein or shown in the flow chart, for example, a
particular sequence table of executable instructions for
realizing the logical function, may be specifically
achieved in any computer readable medium to be used
by the instruction execution system, device or equipment
(such as the system based on computers, the system
comprising processors or other systems capable of ob-
taining the instruction from the instruction execution sys-
tem, device and equipment and executing the instruc-
tion), or to be used in combination with the instruction
execution system, device and equipment. As to the spec-
ification, "the computer readable medium" may be any
device adaptive for including, storing, communicating,
propagating or transferring programs to be used by or in
combination with the instruction execution system, de-
vice or equipment. More specific examples of the com-

puter readable medium comprise but are not limited to:
an electronic connection (an electronic device) with one
or more wires, a portable computer enclosure (a mag-
netic device), a random access memory (RAM), a read
only memory (ROM), an erasable programmable read-
only memory (EPROM or a flash memory), an optical
fiber device and a portable compact disk read-only mem-
ory (CDROM). In addition, the computer readable medi-
um may even be a paper or other appropriate medium
capable of printing programs thereon, this is because,
for example, the paper or other appropriate medium may
be optically scanned and then edited, decrypted or proc-
essed with other appropriate methods when necessary
to obtain the programs in an electric manner, and then
the programs may be stored in the computer memories.
[0054] It should be understood that each part of the
present disclosure may be realized by the hardware, soft-
ware, firmware or their combination. In the above em-
bodiments, a plurality of steps or methods may be real-
ized by the software or firmware stored in the memory
and executed by the appropriate instruction execution
system. For example, if it is realized by the hardware,
likewise in another embodiment, the steps or methods
may be realized by one or a combination of the following
techniques known in the art: a discrete logic circuit having
a logic gate circuit for realizing a logic function of a data
signal, an application-specific integrated circuit having
an appropriate combination logic gate circuit, a program-
mable gate array (PGA), a field programmable gate array
(FPGA), etc.
[0055] Those skilled in the art shall understand that all
or parts of the steps in the above exemplifying method
of the present disclosure may be achieved by command-
ing the related hardware with programs. The programs
may be stored in a computer readable storage medium,
and the programs comprise one or a combination of the
steps in the method embodiments of the present disclo-
sure when run on a computer.
[0056] In addition, each function cell of the embodi-
ments of the present disclosure may be integrated in a
processing module, or these cells may be separate phys-
ical existence, or two or more cells are integrated in a
processing module. The integrated module may be real-
ized in a form of hardware or in a form of software function
modules. When the integrated module is realized in a
form of software function module and is sold or used as
a standalone product, the integrated module may be
stored in a computer readable storage medium.
[0057] The storage medium mentioned above may be
read-only memories, magnetic disks, CD, etc.
[0058] Although embodiments have been shown and
described, it would be appreciated that the above em-
bodiments are explanatory and cannot be construed to
limit the present disclosure, and changes, alternatives,
and modifications can be made in the embodiments with-
out departing from scope of the present disclosure by
those skilled in the art.
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Claims

1. A method for controlling refrigerant in an air condi-
tioning system, comprising:

S1: in a heating mode, comparing a superheat
degree of each outdoor unit with an average su-
perheat degree of a plurality of outdoor units;
S2: if the superheat degree of a present outdoor
unit is too high relative to the average superheat
degree, increasing a refrigerant amount entered
into the present outdoor unit; and
S3: if the superheat degree of the present out-
door unit is too low relative to the average su-
perheat degree, decreasing the refrigerant
amount entered into the present outdoor unit.

2. The method according to claim 1, wherein the su-
perheat degree of the outdoor unit is a superheat
degree of a compressor of the outdoor unit or a su-
perheat degree at an outlet of a heat exchanger of
the outdoor unit.

3. The method according to claim 1, wherein the su-
perheat degree of the present outdoor unit is too high
relative to the average superheat degree, which re-
fers to that the superheat degree of the present out-
door unit is greater than the average superheat de-
gree by a preset amplitude; the superheat degree of
the present outdoor unit is too low relative to the av-
erage superheat degree, which refers to that the su-
perheat degree of the present outdoor unit is smaller
than the average superheat degree by the preset
amplitude.

4. The method according to claim 1, wherein in the act
S2, the refrigerant amount entered into the present
outdoor unit is increased by turning up an open de-
gree of an electronic expansion valve in front of a
compressor of the outdoor unit; and in the act S3,
the refrigerant amount entered into the present out-
door unit is decreased by turning down the open de-
gree of the electronic expansion valve in front of the
compressor of the outdoor unit.

5. The method according to claim 1, after the act S2,
further comprising:

S21: judging whether both the superheat degree
of the present outdoor unit and the average su-
perheat degree are higher than a preset maxi-
mum superheat degree after a first preset time
period; if yes, moving to an act S22, and if no,
returning to the act S1 after a second preset time
period; and
S22: increasing the refrigerant amount entered
into the present outdoor unit, and returning to
the act S1 after the second preset time period.

6. The method according to claim 1, after the act S3,
further comprising:

S31: judging whether both the superheat degree
of the present outdoor unit and the average su-
perheat degree are lower than a preset minimum
superheat degree after a third preset time peri-
od; if yes, moving to an act S32, and if no, re-
turning to the act S1 after a fourth preset time
period; and
S32: decreasing the refrigerant amount entered
into the present outdoor unit, and returning to
the act S1 after the fourth preset time period.

7. The method according to claim 1, further comprising:

S4: if the superheat degree of the present out-
door unit is not too high or too low relative to the
average superheat degree, judging whether the
average superheat degree is greater than a pre-
set maximum superheat degree;
S5: if the average superheat degree is greater
than the preset maximum superheat degree, in-
creasing the refrigerant amount entered into the
present outdoor unit, and returning to the act S
1 after a fifth preset time period;
S6: if the average superheat degree is not great-
er than the preset maximum superheat degree,
judging whether the average superheat degree
is smaller than a preset minimum superheat de-
gree;
S7: if the average superheat degree is smaller
than the preset minimum superheat degree, de-
creasing the refrigerant amount entered into the
present outdoor unit, and returning to the act S
1 after a sixth preset time period;
S8: if the average superheat degree is not small-
er than the preset minimum superheat degree,
maintaining the refrigerant amount entered into
the present outdoor unit.
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