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(57)  Anair conditioning system and a startup control
method thereof are provided by the present disclosure.
The air conditioning system 100 according to the present
disclosure includes: a compressor 110, a condenser 120,
a thermal expansion valve 130 and an evaporator 140
connected via a pipeline; and a thermal temperature
sensing bulb 131 disposed on an outlet pipeline of the

AIR CONDITIONING SYSTEM AND CONTROL METHOD THEREOF

evaporator 140 and associated with the thermal expan-
sion valve 130; the air conditioning system further in-
cludes a thermal power source 132 which is thermally
coupled to the thermal temperature sensing bulb 131 and
controlledly cools or heats the thermal temperature sens-
ing bulb 131.
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Description

[0001] The present invention relates to an air condi-
tioning system and a control method of an air conditioning
system, and in particular to a startup control of an air
conditioning system.

[0002] Forrefrigeration systems thatdo nothave avar-
iable frequency device, they typically control the cooling
load in the form of frequent switching between on and off
modes. For such systems, a cyclic degradation coeffi-
cient is often used as one of the indicators for evaluating
system performance. That is, it is a parameter indicating
a comparison between the dynamic performance (such
as cooling capacity and power consumption) provided
by the refrigeration system and the steady-state perform-
ance of the same system during the cycle of starting and
stopping a compressor. When the coefficient is smaller,
it indicates that the performance of the corresponding
system is better, and when it is larger, the performance
is not as good.

[0003] In practical applications, a non-variable fre-
quency refrigeration system in which a thermal expan-
sion valve is used as a throttling element may have a
cyclic degradation coefficient of 0.2 or higher. One of the
reasons is that an opening degree of the thermal expan-
sion valve will suddenly rise and fall during the re-starting
phase after the compressor is stopped, which will be re-
flected as a violent oscillation of the cooling capacity, that
is, an excessive power consumption of the compressor
will be caused.

[0004] Specifically, as a mature component in the field
of refrigeration, the opening degree of the thermal ex-
pansion valve is determined by a resultant force of three
forces. In an equilibrium state, the resultant force of a
spring preload force P3 in the thermal expansion valve
and an evaporator outlet pressure P2 is canceled out
with a pressure P1 caused by temperature change of a
thermal temperature sensing bulb. After the compressor
has been shut down for a period of time, the thermal
expansion valve remains closed due to the force balance.
Atthis point, ifthe compressor is directly started, referring
to FIG. 1, under the suction of the compressor, the evap-
orator outlet pressure P2 drops rapidly, and the force
balance of the three forces disappears. Since the pres-
sure P1 is much larger than the spring preload force P3,
the thermal expansion valve is quickly opened to a very
large opening degree. As the thermal expansion valve
opens, the refrigerant compressed by the compressor
quickly flows through the evaporator and back to the com-
pressor via the thermal expansion valve. On one hand,
this will lead to excessive refrigerant flow and liquid slug-
ging on the compressor; on the other hand, the evapo-
rator outlet pressure P2 is quickly restored at this point,
and the opening degree of the thermal expansion valve
is greatly reduced in cooperation with the spring preload
force P3, resulting in a rapid decrease in the cooling ca-
pacity. As a result, the aforementioned problems of the
opening degree of thermal expansion valve and corre-
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sponding sudden increase and sudden drop of the cool-
ing capacity are caused, which will further affect the sys-
tem cyclic degradation coefficient and system perform-
ance.

[0005] In addition, when the air conditioning system is
in steady-state operation, generally, the thermal expan-
sion valve can only be passively adjusted based on sys-
tem operating conditions. This leads to reaction lag of
such systems in responding to the need to adjust the
operating conditions, and the lack of adjustment ability
to actively respond.

[0006] Viewedfroma firstaspect,the presentinvention
provides an air conditioning system, which includes: a
compressor, acondenser, athermal expansion valve and
an evaporator connected via a pipeline; and a thermal
temperature sensing bulb disposed on an outlet pipeline
of the evaporator and associated with the thermal expan-
sion valve; the air conditioning system further including
a thermal power source which is thermally coupled to the
thermal temperature sensing bulb and controlledly cools
or heats the thermal temperature sensing bulb.

[0007] Optionally, the thermal power source controll-
edly cools the thermal temperature sensing bulb before
the compressor is started.

[0008] Optionally, during steady state operation of the
air conditioning system, the thermal power source con-
trolledly cools or heats the thermal temperature sensing
bulb to adjust the degree of superheat of the evaporator
outlet.

[0009] Optionally, the thermal power source is thermal-
ly coupled to the thermal temperature sensing bulb by
means of thermal radiation, thermal convection or ther-
mal conduction.

[0010] Optionally, the thermal power source includes
a thermoelectric sheet disposed on the thermal temper-
ature sensing bulb.

[0011] Optionally, the thermal power source includes
an energy storage device disposed on the thermal tem-
perature sensing bulb, and the energy storage device
draws and stores heat from the evaporator or the con-
denser during operation of the air conditioning system.
[0012] Optionally, the air conditioning system is a re-
frigeration system or a heat pump system.

[0013] According to another aspect of the invention, a
startup control method of an air conditioning system is
also provided, wherein the air conditioning system in-
cludes: a compressor, a condenser, a thermal expansion
valve and an evaporator connected via a pipeline; and a
thermal temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the ther-
mal expansion valve; and the air conditioning system fur-
ther includes a thermal power source which is thermally
coupled to the thermal temperature sensing bulb; where-
in the startup control method includes: the thermal power
source controlledly pre-cooling the thermal temperature
sensing bulb before the compressor is started, so that a
range of valve opening degree oscillation of the thermal
expansion valve caused by a temperature change of the
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thermal temperature sensing bulb is reduced.

[0014] Optionally, the thermal power source pre-cools
the thermal temperature sensing bulb for a target time of
1-60 seconds.

[0015] Optionally, the thermal power source pre-cools
the thermal temperature sensing bulb for a target time of
10-25 seconds.

[0016] Optionally, the thermal power source pre-cools
the thermal temperature sensing bulb to a target temper-
atureinarange of +/-10°C from a final stable temperature
of the thermal temperature sensing bulb.

[0017] Optionally, the thermal power source pre-cools
the thermal temperature sensing bulb to a target temper-
ature which corresponds to a final stable temperature of
the thermal temperature sensing bulb.

[0018] Optionally, the thermal power source pre-cools
the thermal temperature sensing bulb by means of ther-
mal radiation, thermal convection, or thermal conduction.
[0019] Optionally, the thermal power source includes
a thermoelectric sheet disposed on the thermal temper-
ature sensing bulb.

[0020] Optionally, the thermal power source includes
an energy storage device disposed on the thermal tem-
perature sensing bulb, and the energy storage device
draws and stores cooling capacity from the evaporator
during operation of the air conditioning system.

[0021] Optionally, the air conditioning system is a re-
frigeration system or a heat pump system.

[0022] According to still another aspect of the inven-
tion, a control method of an air conditioning system is
further provided, wherein the air conditioning system in-
cludes: a compressor, a condenser, a thermal expansion
valve and an evaporator connected via a pipeline; and a
thermal temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the ther-
mal expansion valve; and the air conditioning system fur-
ther includes a thermal power source which is thermally
coupled to the thermal temperature sensing bulb; the
control method including: the thermal power source con-
trolledly cooling or heating the thermal temperature sens-
ing bulb to adjust the degree of superheat of the evapo-
rator outlet, during steady state operation of the air con-
ditioning system.

[0023] Inaccordance with the above, the thermal tem-
perature sensing bulb is cooled or heated, as needed,
by a thermal power source thermally coupled to the ther-
mal temperature sensing bulb, thereby enabling the ther-
mal expansion valve associated with the thermal tem-
perature sensing bulb to be opened and closed more
smoothly, greatly reducing the opening degree oscillation
caused by sudden pressure change, or providing a cer-
tain degree of adjustment in the steady state operation
of the system, and effectively improving the performance
of the air conditioning system.

[0024] The technical solutions of the present invention
will be further described in detail below with reference to
the accompanying drawings and embodiments, but it
should be understood that the drawings are only provided
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for the purpose of explanation, and should not be con-
sidered as limiting the scope of the present invention, as
defined by the claims. In addition, unless otherwise spec-
ified, the drawings are only intended to conceptually il-
lustrate the structures and constructions described here-
in, and are not necessarily drawn to scale.

FIG. 1 is a schematic diagram showing oscillation of
a cooling capacity of a refrigeration system in the
prior art when it is restarted;

FIG. 2 is a schematic diagram of an embodiment of
a proposed refrigeration system; and

FIG. 3 is a schematic diagram showing oscillation of
a cooling capacity of the proposed refrigeration sys-
tem when it is restarted.

[0025] Although the features of the present invention
are disclosed in connection with one or more of the em-
bodiments, such features can be combined with one or
more other features of other implementations/embodi-
ments, as may be desired and/or advantageous for any
given or identifiable function.

[0026] ReferringtoFIG.2,arefrigeration systemis pro-
vided herein. The refrigeration system 100 includes a
compressor 110, a condenser 120, a thermal expansion
valve 130, and an evaporator 140 that are connected via
a pipeline. The refrigeration system 100 also includes a
thermal temperature sensing bulb 131 which is disposed
on an outlet pipeline of the evaporator 140 and associ-
ated with the thermal expansion valve 130. More critical-
ly, the refrigeration system 100 further includes a ther-
moelectric sheet 132 disposed on the thermal tempera-
ture sensing bulb 131, and the thermoelectric sheet 132
controlledly cools or heats the thermal temperature sens-
ing bulb 131.

[0027] Underthis arrangement, before the compressor
is started, due to the pre-cooling action of the thermoe-
lectric sheet 132 on the thermal temperature sensing bulb
131, a pressure P1 associated with the temperature
change of the thermal temperature sensing bulb is rela-
tively decreased by a certain amount as the temperature
is lowered. At this point, if the compressor is restarted, a
resultant force of the pressure P1 and a spring preload
force P3 is correspondingly reduced, and the amplifica-
tion of the opening degree of the thermal expansion valve
is correspondingly small, whereby the oscillation of open-
ing degree subsequently caused by rebalanced pressure
is also reduced.

[0028] Specifically, reference may be made to FIG. 3
for performance change during system startup, wherein
the system is started at the time of 1800s, the oscillation
is eliminated by the compressor power consumption with-
in about 40s after the startup, and the steady-state op-
eration is realized at about 1100W; as compared to the
oscillation elimination time of about 150s in FIG. 1, the
embodiment in FIG. 3 can achieve a steady-state oper-
ation extremely quickly without the need for excess pow-
er consumption of the compressor. With continued ref-
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erence to FIG. 3, the oscillation of the cooling capacity
corresponding to the starting state of the compressor is
correspondingly reduced, and the oscillation is eliminat-
ed within 40s to achieve a steady-state output of the cool-
ing capacity of about 18000Btu/hr; as compared to the
oscillation elimination time of about 150s in FIG. 1, the
embodiment in FIG. 3 can achieve a steady-state output
extremely quickly, thus effectively improving the cyclic
degradation coefficient and system performance.
[0029] Although the present concept is described with
asetofrefrigeration systems as an embodiment, it should
be understood that the present concept aims to improve
the phenomenon that the oscillation of cooling capacity
of a system in which the thermal expansion valve is used
as a throttling element is too large, thereby improving the
cyclic degradation coefficient and system performance.
Thus, it will be apparent to those skilled in the art, in the
light the teachings of the present concept, that the con-
ceptis equally applicable to a heat pump system, or even
various types of more general air conditioning systems,
which should therefore be included within the scope of
the present concept.

[0030] Similarly, although in the foregoing embodi-
ment, the technical effects of pre-cooling the thermal tem-
perature sensing bulb are described in an application
scenario of the refrigeration system after the compressor
is shut down and before it is restarted, it should be un-
derstood that the concept is applicable to any scenario
in which the thermal expansion valve needs to be con-
trolled suddenly. The pre-cooling element is intended to
make the opening and closing of the thermal expansion
valve associated with the thermal temperature sensing
bulb smoother, greatly alleviating the oscillation of open-
ing degree caused by sudden pressure change, and
thereby improving the performance of the air conditioning
system. In addition, a certain degree of active adjustment
function of the thermal expansion valve can also be
achieved by the heating or cooling effect of the heating
source on the thermal temperature sensing bulb, thereby
improving system performance or improving system re-
liability. For example, during a steady state operation of
the air conditioning system, the thermal power source
can controlledly heat the thermal temperature sensing
bulb to reduce the degree of superheat of the evaporator
outlet, thereby improving the cooling efficiency of the sys-
tem from a thermodynamic point of view (e.g., COP=cool-
ing capacity/power consumption). For another example,
during the steady state operation of the air conditioning
system, the thermal power source can controlledly cool
the thermal temperature sensing bulb to increase the de-
gree of superheat of the evaporator outlet, thereby pre-
venting liquid-phase refrigerant from entering the com-
pressor and causing liquid slugging damage, and improv-
ing compressor reliability.

[0031] Further,inthe foregoing embodiments, the ther-
moelectric sheet is described as an element for cooling
or heating the thermal temperature sensing bulb. In fact,
it is not intended to limit the present concept. In the light
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of the teachings of present concept, a corresponding pur-
pose can be achieved by disposing a thermal power
source at the thermal temperature sensing bulb. For ex-
ample, an energy storage device can be disposed on the
thermal temperature sensing bulb, wherein the energy
storage device draws and stores a cooling capacity from
the evaporator during operation of the air conditioning
system, or draws and stores heat from the condenser,
and when it is required to cool or heat the thermal ex-
pansion valve, the energy storage device releases the
heat. It is of course also possible to use other thermal
power sources, which are not exhaustively listed herein,
butthey should all be included within the present concept.
Similarly, for the arrangement between the thermal
source and the thermal expansion valve, a contact ar-
rangement not necessarily required. According to the
conduction mode of heat, the thermal power source can
be thermally coupled to the thermal temperature sensing
bulb by means of thermal radiation, thermal convection
or thermal conduction to achieve the purpose of heat
transferring.

[0032] Accordingly, a startup control method of an air
conditioning system is also provided herein according to
the present concept, wherein the air conditioning system
includes: a compressor, a condenser, a thermal expan-
sion valve and an evaporator connected via a pipeline;
and a thermal temperature sensing bulb disposed on an
outlet pipeline of the evaporator and associated with the
thermal expansion valve; and the air conditioning system
further includes a thermal power source which is ther-
mally coupled to the thermal temperature sensing bulb;
wherein the startup control method includes: the thermal
power source controlledly pre-cooling the thermal tem-
perature sensing bulb before the compressor is started,
so that a range of valve opening degree oscillation of the
thermal expansion valve caused by a temperature
change of the thermal temperature sensing bulb is re-
duced. According to the method, the thermal temperature
sensing bulb is pre-cooled by the thermal power source
thermally coupled to the thermal temperature sensing
bulb before the compressor is started, thereby enabling
the thermal expansion valve associated with the thermal
temperature sensing bulb to be opened and closed more
smoothly, greatly reducing the opening degree oscillation
caused by sudden pressure change and improving the
performance of the air conditioning system.

[0033] Similarly, the method is also applicable to air
conditioning systems in any of the foregoing embodi-
ments or combinations thereof, including but not limited
to refrigeration systems or heat pump systems. Of
course, when the method is applied to the air conditioning
system in the foregoing embodiment, the structural form
and arrangement of the thermal power source can be
modified accordingly. For example, the thermal power
source pre-cools the thermal temperature sensing bulb
by means of thermal radiation, thermal convection or
thermal conduction. For another example, the thermal
power source may include a thermoelectric sheet dis-
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posed on the thermal temperature sensing bulb; orit may
include an energy storage device disposed on the ther-
mal temperature sensing bulb, and the energy storage
device draws and stores a cooling capacity from the
evaporator during operation of the air conditioning sys-
tem. The description will not be expanded herein.
[0034] It should be understood that there should be a
control target of pre-cooling when implementing the
method of the foregoing embodiment. The control target
may be set by a pre-cooling duration, for example, 1-60
seconds; for another example, 10-25 seconds; or it may
be set according to a pre-cooled temperature, for exam-
ple, the final stable temperature of the thermal tempera-
ture sensing bulb is +/-10°C, and the like. Therefore, a
set of closed-loop control is formed, which works only
when needed and is closed after the purpose is achieved.
[0035] Accordingly, a control method of an air condi-
tioning system is further provided herein according to the
present concept, wherein the air conditioning system in-
cludes: a compressor, a condenser, a thermal expansion
valve and an evaporator connected via a pipeline; and a
thermal temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the ther-
mal expansion valve; and the air conditioning system fur-
ther includes a thermal power source which is thermally
coupled to the thermal temperature sensing bulb. The
control method includes: the thermal power source con-
trolledly cooling or heating the thermal temperature sens-
ing bulb to adjust the degree of superheat of the evapo-
rator outlet, during steady state operation of the air con-
ditioning system. This control method can impart a cer-
tain degree of active adjustment to the air conditioning
system to which the thermal expansion valve is applied,
thereby improving system performance orimproving sys-
tem reliability. For example, during steady state operation
of the air conditioning system, the thermal power source
can controlledly heat the thermal temperature sensing
bulb to reduce the degree of superheat of the evaporator
outlet, thereby improving the cooling efficiency of the sys-
tem from a thermodynamic point of view (e.g., COP=cool-
ing capacity/power consumption). For another example,
during the steady state operation of the air conditioning
system, the thermal power source can controlledly cool
the thermal temperature sensing bulb to increase the de-
gree of superheat of the evaporator outlet, thereby pre-
venting liquid-phase refrigerant from entering the com-
pressor and causing liquid slugging damage, and improv-
ing compressor reliability.

[0036] While specific order of steps may have been
shown, disclosed, and claimed in particular embodi-
ments of the present disclosure, it is understood that the
steps can be carried out, separated or combined in any
order unless otherwise indicated, which will still benefit
from the disclosure.

[0037] In the description, examples are used to dis-
close the presentinvention, including the best mode, with
the purpose of enabling any person skilled in the art to
practice the application, including making and using any
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device or system and performing any of the methods cov-
ered. The scope of protection of the present invention is
defined by the claims, and may include other examples
that can be conceived by those skilled in the art. If such
other examples have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements that do not substantively
differ from the literal language of the claims, these ex-
amples are also intended to be included in the scope of
the claims.

Claims

1. An air conditioning system, comprising: a compres-
sor, a condenser, a thermal expansion valve and an
evaporator connected via a pipeline; and a thermal
temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the
thermal expansion valve; the air conditioning system
further comprising a thermal power source which is
thermally coupled to the thermal temperature sens-
ing bulb and controlledly cools or heats the thermal
temperature sensing bulb.

2. The air conditioning system according to claim 1,
wherein the thermal power source controlledly cools
the thermal temperature sensing bulb before the
compressor is started.

3. The air conditioning system according to claim 1 or
2, wherein during steady state operation of the air
conditioning system, the thermal power source con-
trolledly cools or heats the thermal temperature
sensing bulb to adjust the degree of superheat of the
evaporator outlet.

4. The air conditioning system according to claim 1, 2
or 3, wherein the thermal power source comprises
a thermoelectric sheet disposed on the thermal tem-
perature sensing bulb, or an energy storage device
disposed on the thermal temperature sensing bulb,
and the energy storage device draws and stores heat
from the evaporator or the condenser during opera-
tion of the air conditioning system.

5. A control method of an air conditioning system, the
air conditioning system comprising: a compressor,
a condenser, a thermal expansion valve and an
evaporator connected via a pipeline; and a thermal
temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the
thermal expansion valve; and the air conditioning
system further comprising a thermal power source
which is thermally coupled to the thermal tempera-
ture sensing bulb;
the control method comprising: the thermal power
source controlledly pre-cooling the thermal temper-
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ature sensing bulb before the compressor is started,
so that a range of valve opening degree oscillation
of the thermal expansion valve caused by a temper-
ature change of the thermal temperature sensing
bulb is reduced.

The startup control method according to claim 5,
wherein the thermal power source pre-cools the ther-
mal temperature sensing bulb for a target time of
1-60 seconds.

The startup control method according to claim 6,
wherein the thermal power source pre-cools the ther-
mal temperature sensing bulb for a target time of
10-25 seconds.

The startup control method according to claim 5, 6
or 7, wherein the thermal power source pre-cools
the thermal temperature sensing bulb to atarget tem-
perature in a range of +/-10°C from a final stable
temperature of the thermal temperature sensing
bulb.

The startup control method according to any of
claims 5 to 8, wherein the thermal power source pre-
cools the thermal temperature sensing bulb to a tar-
get temperature which corresponds to a final stable
temperature of the thermal temperature sensing
bulb.

A control method of an air conditioning system, the
air conditioning system comprising: a compressor,
a condenser, a thermal expansion valve and an
evaporator connected via a pipeline; and a thermal
temperature sensing bulb disposed on an outlet
pipeline of the evaporator and associated with the
thermal expansion valve; and the air conditioning
system further comprising a thermal power source
which is thermally coupled to the thermal tempera-
ture sensing bulb;

the control method comprising: the thermal power
source controlledly cooling or heating the thermal
temperature sensing bulb to adjust the degree of su-
perheat of the evaporator outlet, during steady state
operation of the air conditioning system.
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