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COMPRESSOR OF HEAT PUMP HOT WATER MACHINE

(57) Disclosed are a method and a system for con-
trolling frequency of a variable-frequency compressor in
a heat pump water heater. The method includes: detect-
ing water temperature of water flowing out from a heat
exchanger and water tank temperature of a water tank;
determining preset water temperature of the water flow-
ing out from the heat exchanger according to the water
tank temperature; and controlling the frequency of the
variable-frequency compressor according to the water
temperature and the preset water temperature. The
present method and system propose a control mode of
frequency of the compressor based on the water tem-
perature of the water flowing out from the heat exchanger.
Working frequency of the variable-frequency compressor
may be reduced effectively and working energy efficiency
of a heat pump group may be improved under low water
tank temperature. Meanwhile, in case of ensuring stable
water temperature, minimum working frequency of the
compressor may be controlled effectively and thus reli-
ability of the compressor may be ensured.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and benefits
of Chinese Patent Application Serial No.
201510268372.7, entitled "Method and system for con-
trolling frequency of variable-frequency compressor in
heat pump water heater", filed with the State Intellectual
Property Office of P. R. China on May 22, 2015, the entire
content of which is incorporated herein by reference.

FIELD

[0002] The present disclosure relates to heat pump wa-
ter heater technology, and more particularly relates to a
method and a system for controlling frequency of a var-
iable-frequency compressor in a heat pump water heater.

BACKGROUND

[0003] In recent years, as an effective energy-saving
and environment-friendly equipment, the heat pump wa-
ter heater has been used increasingly around the world.
With the development of variable-frequency technology,
the variable-frequency heat pump water heater is emerg-
ing. A heating capacity and an energy efficiency of the
variable-frequency heat pump water heater are higher
than those of the fixed-frequency heat pump water heat-
er, especially under low environment temperature.
[0004] At present, in the frequency control method
used for the variable-frequency compressor in the heat
pump water heater, a difference between target temper-
ature of a water tank and current temperature of the water
tank is regarded as a feedback, i.e., when the difference
is greater than a certain value, the variable-frequency
compressor is working at a high frequency as far as pos-
sible to produce more heat and shorten a heating time;
and when the difference is smaller than the certain value,
the frequency of the variable-frequency compressor is
adjusted dynamically, and in order to ensure that tem-
perature of the water tank is maintained within a target
temperature range, the variable-frequency compressor
is working at a lower frequency generally.
[0005] In general, heat produced by the variable-fre-
quency heat pump water heater may increase with an
increase of the frequency of the variable-frequency com-
pressor thereof. However, an energy efficiency ratio of
the heat pump water heater changes in shape of a pa-
rabola, which means that the energy efficiency ratio may
decrease with an increase of the frequency of the varia-
ble-frequency compressor when the frequency is higher
than a certain frequency, and the energy efficiency ratio
may decrease with a decrease of the frequency of the
variable-frequency compressor when the frequency is
lower than the certain frequency. Thus, with an existing
method for controlling the frequency of the variable-fre-
quency compressor in the heat pump water heater by

controlling the temperature in the water tank, the energy-
saving advantage of the variable-frequency heat pump
water heater cannot be exploited sufficiently and reliabil-
ity of the variable-frequency compressor cannot be guar-
anteed. Additionally, a maximum pressure of the varia-
ble-frequency compressor may increase firstly and de-
crease subsequently with an increase of the frequency.

SUMMARY

[0006] Embodiments of the present disclosure seek to
solve at least one of the problems existing in the related
art to at least some extent.
[0007] Accordingly, a first objective of the present dis-
closure is to provide a method for controlling frequency
of a variable-frequency compressor in a heat pump water
heater. Based on water temperature of water flowing out
from a heat exchanger, the method may reduce a working
frequency of the variable-frequency compressor effec-
tively and improve working energy efficiency of a heat
pump group under low water tank temperature. Mean-
while, in case of ensuring the stable water temperature,
minimum working frequency of the variable-frequency
compressor may be controlled effectively and thus reli-
ability of the variable-frequency compressor may be en-
sured.
[0008] A second objective of the present disclosure is
to provide a system for controlling frequency of a variable-
frequency compressor in a heat pump water heater.
[0009] In order to achieve the above objectives, the
method for controlling frequency of the variable-frequen-
cy compressor in the heat pump water heater according
to embodiments of a first aspect of the present disclosure
includes: detecting a water temperature of water flowing
out from a heat exchanger and a water tank temperature
of a water tank; determining a preset water temperature
of the water flowing out from the heat exchanger accord-
ing to the water tank temperature; and controlling the
frequency of the variable-frequency compressor accord-
ing to the water temperature and the preset water tem-
perature.
[0010] With the method according to embodiments of
the present disclosure, the water temperature of the wa-
ter flowing out from the heat exchanger and the water
tank temperature of the water tank are firstly detected,
and then the preset water temperature of the water flow-
ing out from the heat exchanger is determined according
to the water tank temperature; and the frequency of the
variable-frequency compressor is controlled according
to the water temperature and the preset water tempera-
ture. The embodiments of the present disclosure provide
a method for controlling the frequency of the variable-
frequency compressor based on the water temperature
of the water flowing out from the heat exchanger. Under
low water tank temperature, working frequency of the
variable-frequency compressor may be reduced effec-
tively and working energy efficiency of the heat pump
group may be improved. Meanwhile, in case of ensuring
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the water temperature is constant, minimum working fre-
quency of the variable-frequency compressor may be
controlled effectively and thus reliability of the variable-
frequency compressor may be ensured.
[0011] In an embodiment of the present disclosure, the
preset water temperature is determined according to
T1S=f(T5), where T1S is the preset water temperature
and T5 is the water tank temperature.
[0012] In an embodiment of the present disclosure,
T1S is computed according to T1S=a1*a2*a3*T5+b,
where a1 is a first correction factor for a water-water heat
exchanger in the water tank, a2 is a second correction
factor for a capacity of the heat pump group, a3 is a third
correction factor, and b is a temperature difference cor-
rection factor.
[0013] According to an embodiment of the present dis-
closure, controlling the frequency of the variable-fre-
quency compressor according to the water temperature
and the preset water temperature includes: acquiring a
temperature difference between the water temperature
and the preset water temperature; determining a temper-
ature range comprising the temperature difference, and
acquiring a correction value according to the temperature
range; and determining a target frequency of the variable-
frequency compressor according to the frequency of the
variable-frequency compressor and the correction value.
[0014] According to an embodiment of the present dis-
closure, the method also includes: comparing the target
frequency of the variable-frequency compressor with a
working frequency of the heat pump group in a set of
working frequencies; and acquiring a working frequency
closest to the target frequency, and determining the work-
ing frequency closest to the target frequency as the target
frequency.
[0015] According to an embodiment of the present dis-
closure, determining the working frequency closest to the
target frequency as the target frequency includes: ac-
quiring a minimum working frequency and a maximum
working frequency of the heat pump group under the wa-
ter tank temperature; comparing the working frequency
with the minimum working frequency and the maximum
working frequency respectively; and determining the
working frequency as the target frequency if the working
frequency is between the minimum working frequency
and the maximum working frequency.
[0016] According to an embodiment of the present dis-
closure, acquiring a minimum working frequency and a
maximum working frequency of the heat pump group un-
der the water tank temperature includes: determining the
minimum working frequency and the maximum working
frequency according to an outdoor temperature T4 and
the water tank temperature T5; determining that the var-
iable-frequency compressor is working at a frequency in
a first preset frequency range and determining the min-
imum working frequency and the maximum working fre-
quency according to the first preset frequency range, if
the outdoor temperature T4 is smaller than or equal to a
first preset temperature threshold and the water tank tem-

perature T5 is greater than or equal to a second preset
temperature threshold, or if the outdoor temperature T4
is greater than a third preset temperature threshold and
the water tank temperature T5 is greater than or equal
to the second preset temperature threshold, in which the
first preset temperature threshold is smaller than the third
preset temperature threshold; and determining that the
variable-frequency compressor is working at a frequency
in a second preset frequency range and determining the
minimum working frequency and the maximum working
frequency according to the second preset frequency
range, if the outdoor temperature T4 is in a first preset
temperature range and the water tank temperature T5 is
in a second preset temperature range, in which the first
preset frequency range is narrower than the second pre-
set frequency range.
[0017] According to an embodiment of the present dis-
closure, the method also includes: determining the max-
imum working frequency as the target frequency if the
working frequency is greater than the maximum working
frequency; and determining the minimum working fre-
quency as the target frequency if the working frequency
is smaller than the minimum working frequency.
[0018] In order to achieve the above objectives, the
system for controlling frequency of the variable-frequen-
cy compressor in the heat pump water heater according
to embodiments of a second aspect of the present dis-
closure includes: the variable-frequency compressor; a
heat exchanger connected to the variable-frequency
compressor; a first temperature sensor disposed at a wa-
ter outlet of the heat exchanger, configured to detect a
water temperature of water flowing out from the heat ex-
changer; a water tank connected to the heat exchanger;
a second temperature sensor disposed in the water tank,
configured to detect a water tank temperature; and a con-
troller, configured to acquire the water temperature from
the first temperature sensor and the water tank temper-
ature from the second temperature sensor, and to deter-
mine a preset water temperature of the water flowing out
from the heat exchanger according to the water tank tem-
perature, and to control the frequency of the variable-
frequency compressor according to the water tempera-
ture and the preset water temperature.
[0019] With the system according to embodiments of
the present disclosure, the controller acquires the water
temperature from the first temperature sensor and the
water tank temperature from the second temperature
sensor, and then determines preset water temperature
according to the water tank temperature, and controls
the frequency of the variable-frequency compressor ac-
cording to the water temperature and the preset water
temperature. The embodiments of the present disclosure
provide a method for controlling the frequency of the var-
iable-frequency compressor based on the water temper-
ature of the water flowing out from the heat exchanger.
Working frequency of the variable-frequency compressor
may be reduced effectively and working energy efficiency
of a heat pump group may be improved, when tempera-
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ture in a water tank is low. Meanwhile, in case of ensuring
the water temperature is constant, minimum working fre-
quency of the variable-frequency compressor may be
controlled effectively and thus reliability of the variable-
frequency compressor may be ensured.
[0020] In an embodiment of the present disclosure, the
controller determines the preset water temperature ac-
cording to T1S=f(T5), where T1S is the preset water tem-
perature and T5 is the water tank temperature.
[0021] In an embodiment of the present disclosure,
T1S is computed according to T1S=a1*a2*a3*T5+b,
where a1 is a first correction factor for a water-water heat
exchanger in the water tank, a2 is a second correction
factor for a capacity of a heat pump group, a3 is a third
correction factor, and b is a temperature difference cor-
rection factor.
[0022] According to an embodiment of the present dis-
closure, the controller is configured to acquire a temper-
ature difference between the water temperature and the
preset water temperature; to determine a temperature
range comprising the temperature difference, and ac-
quire a correction value according to the temperature
range; and to determine a target frequency of the varia-
ble-frequency compressor according to the frequency of
the variable-frequency compressor and the correction
value.
[0023] According to an embodiment of the present dis-
closure, the controller is also configured to compare the
target frequency of the variable-frequency compressor
with a working frequency of the heat pump group in a set
of working frequencies; and to acquire a working frequen-
cy closest to the target frequency, and determine the
working frequency closest to the target frequency as the
target frequency.
[0024] According to an embodiment of the present dis-
closure, the controller is also configured to acquire a min-
imum working frequency and a maximum working fre-
quency of the heat pump group under the water tank
temperature; to compare the working frequency with the
minimum working frequency and the maximum working
frequency respectively; and to determine the working fre-
quency as the target frequency if the working frequency
is between the minimum working frequency and the max-
imum working frequency.
[0025] According to an embodiment of the present dis-
closure, the controller is also configured to determine the
minimum working frequency and the maximum working
frequency according to an outdoor temperature T4 and
the water tank temperature T5; to determine the minimum
working frequency and the maximum working frequency
according to a first preset frequency range, if the outdoor
temperature T4 is smaller than or equal to a first preset
temperature threshold and the water tank temperature
T5 is greater than or equal to a second preset tempera-
ture threshold or if the outdoor temperature T4 is greater
than a third preset temperature threshold and the water
tank temperature T5 is greater than or equal to the sec-
ond preset temperature threshold, such that the variable-

frequency compressor is working at the frequency in the
first preset frequency range, in which the first preset tem-
perature threshold is smaller than the third preset tem-
perature threshold; and to determine the minimum work-
ing frequency and the maximum working frequency ac-
cording to a second preset frequency range, if the outdoor
temperature T4 is in a first preset temperature range and
the water tank temperature T5 is in a second preset tem-
perature range such that the variable-frequency com-
pressor is working at the frequency in the second preset
frequency range, in which the first preset frequency range
is narrower than the second preset frequency range.
[0026] According to an embodiment of the present dis-
closure, the controller is also configured to determine the
maximum working frequency as the target frequency if
the working frequency is greater than the maximum work-
ing frequency; and to determine the minimum working
frequency as the target frequency if the working frequen-
cy is smaller than the minimum working frequency.
[0027] 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

[0028] 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 flow chart of a method for controlling fre-
quency of a variable-frequency compressor in a heat
pump water heater according to an embodiment of
the present disclosure;
Fig. 2 is a schematic diagram of a system for con-
trolling frequency of a variable-frequency compres-
sor in a heat pump water heater according to an em-
bodiment of the present disclosure;
Fig. 3 is a schematic diagram of a system for con-
trolling frequency of a variable-frequency compres-
sor in a heat pump water heater according to an em-
bodiment of the present disclosure.

Reference numerals:

[0029]

variable-frequency compressor 10, heat exchanger
20, first temperature sensor 30, water tank 40, sec-
ond temperature sensor 50, controller 60, throttle 70,
circulating water pump 80, water-water heat ex-
changer 90 in the water tank and water-refrigerant
heat exchanger 21.
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DETAILED DESCRIPTION

[0030] 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.
[0031] A method and a system for controlling frequen-
cy of a variable-frequency compressor in a heat pump
water heater according to embodiments of the present
disclosure will be further described with reference to
drawings.
[0032] Fig. 1 is a flow chart of the method for controlling
frequency of the variable-frequency compressor in the
heat pump water heater according to an embodiment of
the present disclosure.
[0033] As shown in Fig. 1, the method for controlling
frequency of the variable-frequency compressor in the
heat pump water heater may include following acts.
[0034] In act S101, water temperature of water flowing
out from a heat exchanger and water tank temperature
of a water tank are detected.
[0035] Specifically, when the variable-frequency heat
pump water heater is working, a first temperature sensor
disposed at a water outlet of the heat exchanger may
detect the water temperature of the water flowing out
from the heat exchanger, and a second temperature sen-
sor disposed in the water tank may detect the water tank
temperature.
[0036] In act S102, preset water temperature of the
water flowing out from the heat exchanger is determined
according to the water tank temperature.
[0037] After the water tank temperature is acquired,
the preset water temperature T1S may be determined
according to: 

where T5 is the water tank temperature.
[0038] For example, T1S=a1*a2*a3*T5+b, where a1
is a first correction factor for a water-water heat exchang-
er in the water tank, a2 is a second correction factor for
a capacity of a heat pump group, a3 is a third correction
factor, and b is a temperature difference correction factor.
[0039] It should be noted that the first correction factor
for the water-water heat exchanger in the water tank, the
second correction factor for a capacity of a heat pump
group, the third correction factor and the temperature dif-
ference correction factor may be set according to a prac-
tical operating condition, which means that different val-
ues may be assigned to each of the water-water heat
exchanger in the water tank, the second correction factor

for a capacity of a heat pump group, the third correction
factor and the temperature difference correction factor in
different operating conditions.
[0040] In act S103, the frequency of the variable-fre-
quency compressor is controlled according to the water
temperature and the preset water temperature.
[0041] In an embodiment of the present disclosure, af-
ter the preset water temperature of the water flowing out
from the heat exchanger is determined according to the
water tank temperature, a temperature difference be-
tween the water temperature and the preset water tem-
perature may be acquired firstly, and then a temperature
range including the temperature difference may be de-
termined, and a correction value may be acquired ac-
cording to the temperature range, and a target frequency
of the variable-frequency compressor may be deter-
mined according to the current frequency of the variable-
frequency compressor and the correction value.
[0042] A corresponding relationship between the tem-
perature range including the temperature difference and
the correction value for the frequency of the variable-
frequency compressor may be pre-stored in a frequency
controlling system of the variable-frequency compressor,
and the temperature difference is a result obtained by
subtracting the preset water temperature from the water
temperature.
[0043] For example, a table of the pre-stored corre-
sponding relationship between the temperature range
and the correction value is shown in Table. 1.

[0044] It should be noted that Table. 1 only shows an
example or a part of the corresponding relationship.
[0045] For example, assume that the corresponding
relationship is shown in Table. 1, the preset water tem-
perature measured by a thermometer in the water tank
is 14°C, the water temperature of the water flowing out
from the heat exchanger acquired by the second tem-
perature sensor is 15.6°C, and the current frequency of
the variable-frequency compressor is 18Hz, then the
temperature difference between the water temperature
and the preset water temperature is computed as 1.6°C
which falls into the temperature range (1,2] according to
Table. 1, and the temperature range (1,2] corresponds
the correction value -4Hz. Thus, the target frequency of
the variable-frequency compressor is acquired by adding
the correction value to the current frequency of the var-

Table. 1 Table of the corresponding relationship

temperature range (°C) correction value (Hz)

(2,3] -8Hz

(1,2] -4Hz

[-1,1] 0Hz

(-1,-2] 4Hz

(-2,-3] 8Hz

7 8 
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iable-frequency compressor, i.e., the target frequency is
12Hz.
[0046] Additionally, in this embodiment, after the target
frequency is determined according to the current fre-
quency of the variable-frequency compressor and the
correction value, the target frequency can also be adjust-
ed according to a working frequency of the heat pump
group.
[0047] Specifically, the working frequency closest to
the target frequency may be acquired by comparing the
target frequency with the working frequency of the heat
pump group in a set of working frequencies.
[0048] Generally, the heat pump group works at differ-
ent frequencies belong to different working frequency
ranges under different water tank temperatures. After the
working frequency closest to the target frequency is ac-
quired, a minimum working frequency and a maximum
working frequency of the heat pump group may be ac-
quired firstly under the current water tank temperature,
and the working frequency may be compared with the
minimum working frequency and the maximum working
frequency respectively. The working frequency may be
determined as the target frequency if the working fre-
quency is between the minimum working frequency and
the maximum working frequency, and the maximum
working frequency may be determined as the target fre-
quency if the working frequency is greater than the max-
imum working frequency, and the minimum working fre-
quency may be determined as the target frequency if the
working frequency is smaller than the minimum working
frequency.
[0049] In an embodiment of the present disclosure, the
minimum working frequency and the maximum working
frequency may be determined according to outdoor tem-
perature T4 and the water tank temperature T5. Specif-
ically, a working frequency range of the variable-frequen-
cy compressor relates to the outdoor temperature T4 and
the water tank temperature T5. Specifically, if the outdoor
temperature T4 is smaller than or equal to a first preset
temperature threshold and the water tank temperature
T5 is greater than or equal to a second preset tempera-
ture threshold, or if the outdoor temperature T4 is greater
than a third preset temperature threshold and the water
tank temperature T5 is greater than or equal to the sec-
ond preset temperature threshold, the variable-frequen-
cy compressor is working at a frequency in a first preset
frequency range, the minimum working frequency and
the maximum working frequency may be determined ac-
cording to the first preset frequency range; and if the out-
door temperature T4 is in a first preset temperature range
and the water tank temperature T5 is in a second preset
temperature range, the variable-frequency compressor
is working at a frequency in a second preset frequency
range, the minimum working frequency and the maxi-
mum working frequency may be determined according
to the second preset frequency range.
[0050] It should be noted that the first preset temper-
ature threshold is smaller than the third preset tempera-

ture threshold and the first preset frequency range is nar-
rower than the second preset frequency range.
[0051] For example, assume that the first temperature
threshold is -5°C, the second temperature threshold is
50°C, the third temperature threshold is 30°C, the second
temperature threshold is 50°C, the first temperature
range is 5°C-20°C and the second temperature range is
20°C-40°C. If the outdoor temperature T4 is smaller than
or equal to -5°C and the water tank temperature T5 is
greater than or equal to 50°C, or if the outdoor temper-
ature T4 is greater than 30°C and the water tank temper-
ature T5 is greater than or equal to 50°C, the variable-
frequency compressor is working at a frequency in a
range of 42-60Hz, and the minimum working frequency
may be determined as 42Hz and the maximum working
frequency may be determined as 60Hz; and if the outdoor
temperature T4 is in 5°C-20°C and the water tank tem-
perature T5 is in 20°C -40°C, the variable-frequency com-
pressor is working at a frequency in a range of 10-92Hz,
and the minimum working frequency may be determined
as 10Hz and the maximum working frequency may be
determined as 92Hz. For example, assume that the tar-
get frequency Fs of the variable-frequency compressor
computed according to the water temperature and the
preset water temperature is 15Hz, the set of working fre-
quencies of the heat pump group includes a first working
frequency F1 equal to 10Hz, a second working frequency
F2 equal to 14Hz, a third working frequency F3 equal to
18Hz and a fourth working frequency F4 equal to 22Hz.
If the maximum working frequency Fmax of the heat pump
group under the current water tank temperature is 17Hz
and the minimum working frequency Fmin of the heat
pump group under the current water tank temperature is
11Hz, after the target frequency Fs is acquired, the work-
ing frequency closest to the target frequency Fs is the
second working frequency F2 by comparing the target
frequency Fs with each of the set of working frequencies,
and because 14Hz is between 11Hz and 17Hz, the sec-
ond working frequency F2 is determined as the target
frequency, such that the variable-frequency compressor
works at 14Hz.
[0052] Thus, by using the water temperature of the wa-
ter flowing out from the heat exchanger to control the
frequency of the variable-frequency compressor, the
working frequency of the variable-frequency compressor
may be reduced and the working energy efficiency of the
heat pump group may be improved effectively. The min-
imum frequency of the heat pump group may be limited
when the water temperature is high, such that the relia-
bility of the variable-frequency compressor may be guar-
anteed.
[0053] With the method according to embodiments of
the present disclosure, the water temperature of the wa-
ter flowing out from the heat exchanger and the water
tank temperature of the water tank are firstly detected,
and then the preset water temperature of the water flow-
ing out from the heat exchanger is determined according
to the water tank temperature; and the frequency of the
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variable-frequency compressor is controlled according
to the water temperature and the preset water tempera-
ture. The embodiments of the present disclosure provide
a method for controlling the frequency of the variable-
frequency compressor based on the water temperature
of the water flowing out from the heat exchanger. When
temperature in a water tank is low, working frequency of
the variable-frequency compressor may be reduced ef-
fectively, such that working energy efficiency of a heat
pump group may be improved. Meanwhile, in case of
ensuring constant water temperature, working minimum
frequency of the variable-frequency compressor may be
controlled effectively and thus reliability of the variable-
frequency compressor may be guaranteed.
[0054] In order to achieve the above objectives, em-
bodiments of the present disclosure also provide a sys-
tem for evaluating consumption condition of a magnesi-
um rod in a water heater.
[0055] Fig. 2 is a schematic diagram of a system for
controlling frequency of a variable-frequency compres-
sor in a heat pump water heater according to an embod-
iment of the present disclosure.
[0056] As shown in Fig. 2, the system for controlling
the frequency of the variable-frequency compressor in
the heat pump water heater includes the variable-fre-
quency compressor 10, a heat exchanger 20 connected
to the variable-frequency compressor 10, a first temper-
ature sensor 30 disposed at a water outlet of the heat
exchanger 20, a water tank 40 connected to the heat
exchanger 20, a second temperature sensor 50 disposed
in the water tank 40 and a controller 60.
[0057] The first temperature sensor 30 is configured
to detect water temperature of water flowing out from the
heat exchanger 20; the second temperature sensor 50
is configured to detect water tank temperature of the wa-
ter tank 40; and the controller is configured to acquire
the water temperature of the water flowing out from the
heat exchanger 20 from the first temperature sensor 30
and the water tank temperature of the water tank 40 from
the second temperature sensor 50, and to determine pre-
set water temperature of the water flowing out from the
heat exchanger 20 according to the water tank temper-
ature, and to control the frequency of the variable-fre-
quency compressor 10 according to the water tempera-
ture and the preset water temperature of the water flowing
out from the heat exchanger 20.
[0058] The controller 60 may determine the preset wa-
ter temperature T1S according to: 

in which T5 is the water tank temperature.
[0059] For example, T1S=a1*a2*a3*T5+b, in which a1
is a first correction factor for a water-water heat exchang-
er in the water tank, a2 is a second correction factor for
a capacity of a heat pump group, a3 is a third correction

factor, and b is a temperature difference correction factor.
[0060] It should be noted that the first correction factor
for the water-water heat exchanger in the water tank, the
second correction factor for a capacity of a heat pump
group, the third correction factor and the temperature dif-
ference correction factor may be set according to a prac-
tical operating condition, which means that each of the
water-water heat exchanger in the water tank, the second
correction factor for a capacity of a heat pump group, the
third correction factor and the temperature difference cor-
rection factor may be have different values in different
operating conditions.
[0061] After the controller 60 determines the preset wa-
ter temperature of the water flowing out from the heat
exchanger 20 according to the water tank temperature,
the controller 60 may acquire a temperature difference
between the water temperature of the water flowing out
from the heat exchanger 20 and the preset water tem-
perature firstly, determine a temperature range including
the temperature difference and acquire a correction value
according to the temperature range, and determine a tar-
get frequency of the variable-frequency compressor 10
according to the current frequency of the variable-fre-
quency compressor 10 and the correction value.
[0062] For example, a table of the pre-stored corre-
sponding relationship between the temperature range
and the correction value is shown in Table. 1.

[0063] It should be noted that Table. 1 only shows an
example or a part of the corresponding relationship.
[0064] For example, assume that the corresponding
relationship is shown in Table. 1, the preset water tem-
perature of the water flowing out from the heat exchanger
20 computed according to the water tank temporary is
14°C, the water temperature of the water flowing out from
the heat exchanger acquired by the second temperature
sensor 50 is 15.6°C, and the current frequency of the
variable-frequency compressor 10 is 18Hz. The temper-
ature difference between the water temperature and the
preset water temperature is computed as 1.6°C which
falls into the temperature range (1,2] according to Table.
1, and the temperature range (1,2] corresponds the cor-
rection value -4Hz. Thus, the target frequency of the var-
iable-frequency compressor is acquired by adding the
correction value to the current frequency of the variable-
frequency compressor, i.e., the target frequency is 12Hz.

Table. 1 Table of the corresponding relationship

temperature range (°C) correction value (Hz)

(2,3] -8Hz

(1,2] -4Hz

[-1,1] 0Hz

(-1,-2] 4Hz

(-2,-3] 8Hz
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[0065] Additionally, in this embodiment, after the con-
troller 60 determines the target frequency of the variable-
frequency compressor 10 according to the current fre-
quency of the variable-frequency compressor 10 and the
correction value, the controller 60 may also adjust the
target frequency according to a working frequency of the
heat pump group.
[0066] Specifically, the controller 60 may acquire the
working frequency closest to the target frequency of the
variable-frequency compressor 10 by comparing the tar-
get frequency with a working frequency of the heat pump
group in a set of working frequencies.
[0067] Generally, working frequency ranges of the
heat pump group are different in different water tank tem-
peratures. After the controller 60 acquires the working
frequency closest to the target frequency, a minimum
working frequency and a maximum working frequency
of the heat pump group may be acquired firstly under the
current water tank temperature, and the working frequen-
cy closest to the target frequency may be compared with
the minimum working frequency and the maximum work-
ing frequency respectively. The working frequency clos-
est to the target frequency may be determined as the
target frequency if the working frequency closest to the
target frequency is between the minimum working fre-
quency and the maximum working frequency, and the
maximum working frequency may be determined as the
target frequency if the working frequency closest to the
target frequency is greater than the maximum working
frequency, and the minimum working frequency may be
determined as the target frequency if the working fre-
quency closest to the target frequency is smaller than
the minimum working frequency.
[0068] In an embodiment of the present disclosure, the
controller 60 may determine the minimum working fre-
quency and the maximum working frequency according
to outdoor temperature T4 and the water tank tempera-
ture T5. Specifically, a working frequency range of the
variable-frequency compressor relates to the outdoor
temperature T4 and the water tank temperature T5. Spe-
cifically, if the outdoor temperature T4 is smaller than or
equal to a first preset temperature threshold and the wa-
ter tank temperature T5 is greater than or equal to a sec-
ond preset temperature threshold, or if the outdoor tem-
perature T4 is greater than a third preset temperature
threshold and the water tank temperature T5 is greater
than or equal to the second preset temperature threshold,
the variable-frequency compressor is working at a fre-
quency in a first preset frequency range, and the mini-
mum working frequency and the maximum working fre-
quency may be determined according to the first preset
frequency range; and if the outdoor temperature T4 is in
a first preset temperature range and the water tank tem-
perature T5 is in a second preset temperature range, the
variable-frequency compressor is working at a frequency
in a second preset frequency range, and the minimum
working frequency and the maximum working frequency
may be determined according to the second preset fre-

quency range.
[0069] It should be noted that the first preset temper-
ature threshold is smaller than the third preset tempera-
ture threshold and the first preset frequency range is nar-
rower than the second preset frequency range.
[0070] For example, assume that the first temperature
threshold is -5°C, the second temperature threshold is
50°C, the third temperature threshold is 30°C, the first
temperature range is 5°C-20°C and the second temper-
ature range is 20°C-40°C. If the outdoor temperature T4
is smaller than or equal to -5°C and the water tank tem-
perature T5 is greater than or equal to 50°C, or if the
outdoor temperature T4 is greater than 30°C and the wa-
ter tank temperature T5 is greater than or equal to 50°C,
the working frequency range of the variable-frequency
compressor is 42-60Hz and then the control 60 may de-
termine the minimum working frequency as 42Hz and
the maximum working frequency as 60Hz; and if the out-
door temperature T4 is in 5°C-20°C, the water tank tem-
perature T5 is in 20°C-40°C, the working frequency range
of the variable-frequency compressor is 10-92Hz and
then the controller 60 may determine that the minimum
working frequency is 10Hz and the maximum working
frequency is 92Hz.
[0071] For example, assume that the target frequency
Fs of the variable-frequency compressor 10 computed
according to the water temperature and the preset water
temperature is 15Hz, the set of working frequencies of
the heat pump group includes a first working frequency
F1 equal to 10Hz, a second working frequency F2 equal
to 14Hz, a third working frequency F3 equal to 18Hz and
a fourth working frequency F4 equal to 22Hz. If the max-
imum working frequency Fmax of the heat pump group
under the current water tank temperature is 17Hz and
the minimum working frequency Fmin of the heat pump
group under the current water tank temperature is 11Hz,
after the target frequency Fs is acquired, it may be de-
termined that the working frequency closest to the target
frequency Fs is the second working frequency F2 by com-
paring the target frequency Fs with each of the set of
working frequencies, and because 14Hz is between
11Hz and 17Hz, the controller 60 may determine that the
second working frequency F2 is the target frequency of
the variable-frequency compressor 10 and enables the
variable-frequency compressor 10 to work at 14Hz.
[0072] Fig. 3 illustrates a schematic diagram of a sys-
tem for controlling frequency of a variable-frequency
compressor in a heat pump water heater. The heat ex-
changer 20 between variable-frequency compressor 10
and the throttle 70 may be a water- refrigerant heat ex-
changer or an air-refrigerant heat exchanger. The water
tank 40 includes a second temperature sensor 50 and a
water-water heat exchanger 90, and the water-water heat
exchanger 90 in the water tank is connected to the water-
refrigerant heat exchanger 21 via a circulating water
pump 80.
[0073] With the system according to embodiments of
the present disclosure, the controller acquires the water

13 14 



EP 3 299 744 A1

9

5

10

15

20

25

30

35

40

45

50

55

temperature from the first temperature sensor and the
water tank temperature from the second temperature
sensor, and then determines preset water temperature
according to the water tank temperature, and controls
the frequency of the variable-frequency compressor ac-
cording to the water temperature and the preset water
temperature. The embodiments of the present disclosure
provide a method for controlling the frequency of the var-
iable-frequency compressor based on the water temper-
ature of the water flowing out from the heat exchanger.
When temperature in a water tank is low, working fre-
quency of the variable-frequency compressor may be re-
duced effectively, such that working energy efficiency
may be improved. Meanwhile, in case of ensuring the
water temperature is constant, working minimum fre-
quency of the variable-frequency compressor may be
controlled effectively and thus reliability of the variable-
frequency compressor may be ensured.
[0074] 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.
In addition, in a case without contradictions, different em-
bodiments or examples or features of different embodi-
ments or examples may be combined by those skilled in
the art.
[0075] Those skilled in the art shall understand that
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. Thus, the
feature defined with "first" and "second" may comprise
one or more this feature. In the description of the present
disclosure, "a plurality of" means two or more than two,
unless specified otherwise.
[0076] It will be understood that, the flow chart or any
process or method described herein in other manners
may represent a module, segment, or portion of code
that comprises one or more executable instructions to
implement the specified logic function(s) or that compris-
es one or more executable instructions of the steps of
the progress. And the scope of a preferred embodiment
of the present disclosure includes other implementations
in which the order of execution may differ from that which
is depicted in the flow chart, which should be understood
by those skilled in the art.
[0077] 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.
[0078] It should be understood that the various parts
of the present disclosure may be realized by hardware,
software, firmware or combinations thereof. In the above
embodiments, a plurality of steps or methods may be
stored in a memory and achieved by software or firmware
executed by a suitable instruction executing system. For
example, if it is realized by the hardware, likewise in an-
other 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 ap-
propriate combination logic gate circuit, a programmable
gate array (PGA), a field programmable gate array (FP-
GA), etc.
[0079] 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 memory 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.
[0080] 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
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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 memory medium.
[0081] The above-mentioned memory medium may be
a read-only memory, a magnetic disc, an optical disc,
etc. Although explanatory embodiments have been
shown and described, it would be appreciated that the
above embodiments are explanatory and cannot be con-
strued to limit the present disclosure, and changes, al-
ternatives, and modifications can be made in the embod-
iments without departing from scope of the present dis-
closure by those skilled in the art.

Claims

1. A method for controlling frequency of a variable-fre-
quency compressor in a heat pump water heater,
comprising:

detecting a water temperature of water flowing
out from a heat exchanger and a water tank tem-
perature of a water tank;
determining a preset water temperature of the
water flowing out from the heat exchanger ac-
cording to the water tank temperature; and
controlling the frequency of the variable-fre-
quency compressor according to the water tem-
perature and the preset water temperature.

2. The method according to claim 1, wherein the preset
water temperature is determined according to: 

where T1S is the preset water temperature and T5
is the water tank temperature.

3. The method according to claim 2, wherein T1S is
computed according to: 

where a1 is a first correction factor for a water-water
heat exchanger in the water tank, a2 is a second
correction factor for a capacity of a heat pump group,
a3 is a third correction factor, and b is a temperature
difference correction factor.

4. The method according to claim 1, wherein controlling
the frequency of the variable-frequency compressor
according to the water temperature and the preset
water temperature comprises:

acquiring a temperature difference between the
water temperature and the preset water temper-
ature;
determining a temperature range comprising the
temperature difference, and acquiring a correc-
tion value according to the temperature range;
and
determining a target frequency of the variable-
frequency compressor according to the frequen-
cy of the variable-frequency compressor and the
correction value.

5. The method according to claim 4, further comprising:

comparing the target frequency of the variable-
frequency compressor with a working frequency
of the heat pump group in a set of working fre-
quencies; and
acquiring a working frequency closest to the tar-
get frequency, and determining the working fre-
quency closest to the target frequency as the
target frequency.

6. The method according to claim 5, wherein determin-
ing the working frequency closest to the target fre-
quency as the target frequency further comprises:

acquiring a minimum working frequency and a
maximum working frequency of the heat pump
group under the water tank temperature;
comparing the working frequency with the min-
imum working frequency and the maximum
working frequency respectively; and
determining the working frequency as the target
frequency if the working frequency is between
the minimum working frequency and the maxi-
mum working frequency.

7. The method according to claim 6, wherein acquiring
a minimum working frequency and a maximum work-
ing frequency of the heat pump group under the wa-
ter tank temperature further comprises:

determining the minimum working frequency
and the maximum working frequency according
to an outdoor temperature T4 and the water tank
temperature T5;
determining the minimum working frequency
and the maximum working frequency according
to a first preset frequency range, if the outdoor
temperature T4 is smaller than or equal to a first
preset temperature threshold and the water tank
temperature T5 is greater than or equal to a sec-
ond preset temperature threshold or if the out-
door temperature T4 is greater than a third pre-
set temperature threshold and the water tank
temperature T5 is greater than or equal to the
second preset temperature threshold such that
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the variable-frequency compressor is working
at the frequency in the first preset frequency
range, wherein the first preset temperature
threshold is smaller than the third preset tem-
perature threshold; and
determining the minimum working frequency
and the maximum working frequency according
to a second preset frequency range, if the out-
door temperature T4 is in a first preset temper-
ature range and the water tank temperature T5
is in a second preset temperature range such
that the variable-frequency compressor is work-
ing at the frequency in the second preset fre-
quency range, wherein the first preset frequency
range is narrower than the second preset fre-
quency range.

8. The method according to claim 6, further comprising:

determining the maximum working frequency as
the target frequency if the working frequency is
greater than the maximum working frequency;
and
determining the minimum working frequency as
the target frequency if the working frequency is
smaller than the minimum working frequency.

9. A system for controlling frequency of a variable-fre-
quency compressor in a heat pump water heater,
comprising:

the variable-frequency compressor;
a heat exchanger connected to the variable-fre-
quency compressor;
a first temperature sensor disposed at a water
outlet of the heat exchanger, configured to de-
tect a water temperature of water flowing out
from the heat exchanger;
a water tank connected to the heat exchanger;
a second temperature sensor disposed in the
water tank, configured to detect a water tank
temperature; and
a controller, configured to acquire the water tem-
perature from the first temperature sensor and
the water tank temperature from the second
temperature sensor, and to determine a preset
water temperature of the water flowing out from
the heat exchanger according to the water tank
temperature, and to control the frequency of the
variable-frequency compressor according to the
water temperature and the preset water temper-
ature.

10. The system according to claim 9, wherein the con-
troller determines the preset water temperature ac-
cording to: 

where T1S is the preset water temperature and T5
is the water tank temperature.

11. The system according to claim 10, wherein T1S is
computed according to: 

where a1 is a first correction factor for a water-water
heat exchanger in the water tank, a2 is a second
correction factor for a capacity of a heat pump group,
a3 is a third correction factor, and b is a temperature
difference correction factor.

12. The system according to claim 9, wherein the con-
troller is configured to:

acquire a temperature difference between the
water temperature and the preset water temper-
ature;
determine a temperature range comprising the
temperature difference, and acquire a correction
value according to the temperature range; and
determine a target frequency of the variable-fre-
quency compressor according to the frequency
of the variable-frequency compressor and the
correction value.

13. The system according to claim 12, wherein the con-
troller is further configured to:

compare the target frequency of the variable-
frequency compressor with a working frequency
of the heat pump group in a set of working fre-
quencies; and
acquire a working frequency closest to the target
frequency, and determine the working frequen-
cy closest to the target frequency as the target
frequency.

14. The system according to claim 13, wherein the con-
troller is further configured to:

acquire a minimum working frequency and a
maximum working frequency of the heat pump
group under the water tank temperature;
compare the working frequency with the mini-
mum working frequency and the maximum
working frequency respectively; and
determine the working frequency as the target
frequency if the working frequency is between
the minimum working frequency and the maxi-
mum working frequency.
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15. The system according to claim 14, wherein the con-
troller is further configured to:

determine the minimum working frequency and
the maximum working frequency according to
an outdoor temperature T4 and the water tank
temperature T5;
determine the minimum working frequency and
the maximum working frequency according to a
first preset frequency range, if the outdoor tem-
perature T4 is smaller than or equal to a first
preset temperature threshold and the water tank
temperature T5 is greater than or equal to a sec-
ond preset temperature threshold or if the out-
door temperature T4 is greater than a third pre-
set temperature threshold and the water tank
temperature T5 is greater than or equal to the
second preset temperature threshold such that
the variable-frequency compressor is working
at the frequency in the first preset frequency
range, wherein the first preset temperature
threshold is smaller than the third preset tem-
perature threshold; and
determine the minimum working frequency and
the maximum working frequency according to a
second preset frequency range, if the outdoor
temperature T4 is in a first preset temperature
range and the water tank temperature T5 is in a
second preset temperature range such that the
variable-frequency compressor is working at the
frequency in the second preset frequency range,
wherein the first preset frequency range is nar-
rower than the second preset frequency range.

16. The system according to claim 14, wherein the con-
troller is further configured to:

determine the maximum working frequency as
the target frequency if the working frequency is
greater than the maximum working frequency;
and
determine the minimum working frequency as
the target frequency if the working frequency is
smaller than the minimum working frequency.
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