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(54) Hot water system

(57) A hot water system includes: a compressor (1)
with variable operation capacity; a four- �way valve (2) for
switching the direction of the refrigerating cycle; a plate
heat exchanger (10) for exchanging heat between water
and a refrigerant; an electronic expansion valve (6) for
controlling the flow rate of the refrigerant to reduce the
pressure; and a heat exchanger (9) for exchanging heat
between air and the refrigerant, which are connected in
that order by a pipeline (3) to form a refrigerating cycle
for circulating the refrigerant, thereby heating water. The
hot water system further includes; pressure detection
means (Pd) disposed between the outlet of the compres-
sor (1) and the two-�way valve (2), for detecting the pres-
sure of the refrigerant discharged from the compressor
(1), wherein the speed of operation of the compressor
(1) is controlled according to the difference between the
condensing temperature calculated from the pressure
detected by the pressure detection means (Pd) and a
target condensing temperature.
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Description

�[0001] The present invention relates to a heat- �pump
hot water system equipped with a plate heat exchanger.
�[0002] A general air conditioner controls a room tem-
perature in such a manner as to calculate the difference
between a temperature set by a remote control or the
like and an actual room temperature, wherein when the
difference is large, the speed of operation of a compres-
sor is increased to enhance the performance of the air
conditioner so that the actual room temperature reaches
the set temperature as fast as possible.�
When the temperature difference is small, the speed of
operation of the compressor is decreased to reduce the
performance of the air conditioner to save power and
prevent the conditioner from being stopped because of
overshooting of the room temperature relative to the set
temperature.�
In a hot water system, a compressor can be controlled
by controlling a condensing temperature so as to reach
a target condensing temperature in the same manner as
the above because the condensing temperature depend
on a target hot water temperature.
�[0003] An example of the conventional air conditioner
is disclosed in which the compressor is controlled ac-
cording to the deviation between the condensing tem-
perature of the refrigerant based on the pressure of the
high-�pressure refrigerant detected by a high-�pressure
sensor and a target condensing temperature (refer to
Japanese Unexamined Patent Application Publication
No. 2002-327949 (p. 4, Fig. 1)).
�[0004] Although the conventional air conditioner dis-
closes a technique for controlling a compressor using a
high- �pressure sensor, it does not refer to application of
this technique to a hot water system equipped with a
plate heat exchanger.�
In a hot water system equipped with a plate heat ex-
changer, the refrigerant flows in the plate heat exchanger
acting as a condenser. Therefore, it is impossible to de-
tect the condensing temperature by temperature detec-
tion means mounted on the surface, thus posing the prob-
lem that the compressor cannot be controlled according
to the condensing temperature of the refrigerant.�
The present invention is made to solve the above prob-
lems. Accordingly, it is an object of the invention to pro-
vide a hot water system equipped with a plate heat ex-
changer capable of controlling a compressor so that the
condensing temperature calculated from the pressure
detected by pressure detection means reaches a target
condensing temperature and performing subcooling con-
trol and superheat control using the calculated condens-
ing temperature.
�[0005] A hot water system according to a first aspect
of the invention includes: a compressor with variable op-
eration capacity; a four- �way valve for switching the direc-
tion of a refrigerating cycle; a plate heat exchanger for
exchanging heat between water and a refrigerant; a first
expansion valve for controlling the flow rate of the refrig-

erant to reduce the pressure; and a heat exchanger for
exchanging heat between air and the refrigerant, which
are connected in that order by a pipeline to form a refrig-
erating cycle for circulating the refrigerant, thereby heat-
ing water. The hot water system further includes pressure
detection means between the outlet of the compressor
and the four-�way valve, for detecting the pressure of the
refrigerant discharged from the compressor, wherein the
speed of operation of the compressor is controlled ac-
cording to the difference between the condensing tem-
perature calculated from the pressure detected by the
pressure detection means and a target condensing tem-
perature.
�[0006] In the hot water system according to the first
aspect of the invention, pressure detection means is dis-
posed between the outlet of the variable-�capacity com-
pressor and the four- �way valve, for detecting the pres-
sure of the refrigerant discharged from the compressor.
The speed of operation of the compressor is controlled
according to the difference between the condensing tem-
perature calculated from the pressure detected by the
pressure detection means and a target condensing tem-
perature. This offer the advantages of controlling the hot
water system by a control method similar to that of the
air conditioner, ensuring reliability similar to that of the
air conditioner, providing high- �reliable control in a short
time, and reducing the period to develop a control pro-
gram. �
The invention will now be described by way of non-�limiting
examples with reference to the accompanying drawings,
in which: �

Fig. 1 is a refrigerant circuit diagram of a hot water
system according to a first embodiment of the inven-
tion;
Fig. 2 is a graph showing the relationship between
the condensing pressure and the condensing tem-
perature of the refrigerating cycle; and
Fig. 3 is a refrigerant circuit diagram of a hot water
system according to a second embodiment of the
invention;

�[0007] First Embodiment Fig. 1 is a refrigerant circuit
diagram of a hot water system according to a first em-
bodiment of the invention. Fig. 2 is a graph showing the
relationship between condensing pressure and condens-
ing temperature of a refrigerating cycle.�
As shown in Fig. 1, the heat-�pump hot water system ac-
cording to the first embodiment of the invention includes
a compressor 1, a four- �way valve 2 for switching a refrig-
erant circuit, a plate heat exchanger 10 for exchanging
heat between water and a refrigerant, a first electronic
expansion valve 6 for controlling the flow rate of the re-
frigerant to decrease the pressure, a receiver 7 for hold-
ing an excess refrigerant, a second electronic expansion
valve 8 for controlling the flow rate of the refrigerant to
decrease the pressure, and a heat exchanger 9 for ex-
changing heat between air and the refrigerant, which are
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connected in order by a pipeline 3 and housed in a hot
water system outdoor unit 40.
A pipe connecting the outlet of the compressor 1 and the
four-�way valve 2 for switching the refrigerating circuit has
pressure detection means Pd for detecting the pressure
of the discharged refrigerant.�
The circuit has a structure in which the heat exchanger
of the indoor unit of a so-�called air conditioner is replaced
with the plate heat exchanger 10 for exchanging heat
between water and the refrigerant. The plate heat ex-
changer 10 is, however, housed in the hot water system
outdoor unit 40, as shown in Fig. 1. The pipeline for con-
nection is therefore very short.
�[0008] The operation of the hot water system accord-
ing to the first embodiment will be described. �
The refrigerant converted to high-�pressure high-�temper-
ature gas in the compressor 1 is discharged from the
compressor 1 and fed to the four-�way valve 2 for switch-
ing the circuit.�
During heating the water, the four-�way valve 2 is fixed
so as to feed the refrigerant discharged from the com-
pressor 1 to the plate heat exchanger 10.
The refrigerant discharged from the four- �way valve 2 is
fed to the plate heat exchanger 10. The refrigerant fed
to the plate heat exchanger 10 exchanges heat with the
water passing through a water pipe 50, and is condensed
and in the plate heat exchanger 10 to radiate heat. The
refrigerant is condensed into a high-�pressure normal-
temperature liquid refrigerant in the plate heat exchanger
10. The water obtains heat from the refrigerant to in-
crease its temperature, and is discharged. The con-
densed liquid refrigerant is decreased in pressure by the
first electronic expansion valve 6.
The first electronic expansion valve 6 controls the refrig-
erant that is condensed by the plate heat exchanger 10
acting as a condenser according to the degree of sub-
cooling.
�[0009] However, the plate heat exchanger 10 has a
structure in which the refrigerant and water flow between
plates alternately to exchange heat. Therefore, it is im-
possible to dispose a temperature sensor for sensing the
condensing temperature in the middle of the plate heat
exchanger 10.
Therefore, the pressure detection means Pd is used to
detect the pressure of the refrigerant discharged from
the compressor 1. That is, the pipe from the compressor
1 to the plate heat exchanger 10 is so short that pressure
loss is low, so that the pressure detected by the pressure
detection means Pd is substantially equal to the condens-
ing pressure of the refrigerant in the plate heat exchanger
10. As shown in the graph of Fig. 2 of the relationship
between the condensing pressure and the condensing
temperature of the refrigerating cycle, there is a certain
correlation between the condensing pressure and the
condensing temperature (saturation temperature).
Therefore, if the condensing pressure is known, the con-
densing temperature (saturation temperature) can be
found. For example, in the case where the refrigerant is

R410A., the condensing temperature (saturation temper-
ature) at a condensing pressure of 2.7 MPa is 46°C, as
shown in Fig. 2.
Accordingly, the saturation temperature T10 of the refrig-
erant can be calculated from the condensing pressure of
the refrigerant in the plate heat exchanger 10.
�[0010] The degree of subcooling can be calculated as
the difference between the saturation temperature T10
of the refrigerant and the actual condensing temperature
of the liquid refrigerant detected by a temperature sensor
Tix installed at the outlet of the plate heat exchanger 10.
When the degree of subcooling is low, the degree of
opening of the first electronic expansion valve 6 is de-
creased so that the liquid of the refrigerant condensed
by the plate heat exchanger 10 is increased to thereby
increase the degree of subcooling. In contrast, when the
degree of subcooling is high, the degree of opening of
the first electronic expansion valve 6 is increased so that
the liquid of the refrigerant condensed by the plate heat
exchanger 10 is decreased to thereby decrease the de-
gree of subcooling.�
Thus the degree of opening of the first electronic expan-
sion valve 6 is controlled according to the calculated de-
gree of subcooling to control the degree of subcooling.
�[0011] The decompressed refrigerant becomes a low-
presser low- �temperature liquid refrigerant and enters the
receiver 7 connected ahead thereof. The receiver 7 holds
an excess refrigerant.�
The refrigerant discharged from the receiver 7 is again
reduced in pressure by the second electronic expansion
valve 8. The decompressed refrigerant flows into the heat
exchanger 9 that exchanges heat between air and the
refrigerant.�
Since the refrigerant flowing into the heat exchanger 9
is low in temperature, it receives heat from the air to evap-
orate into a low-�pressure low-�temperature gas refriger-
ant. In contrast, the air is cooled to low temperature and
blows out. The heat exchanger 9 thus acts as an evap-
orator of the refrigerating cycle.�
The low- �pressure low-�temperature gas refrigerant dis-
charged from the heat exchanger 9 again flows into the
four-�way valve 2 for switching the circuit, from which the
gas refrigerant is fed to a pipe to the inlet of the compres-
sor 1. The low-�pressure low-�temperature gas refrigerant
fed to the inlet of the compressor 1 is compressed in the
compressor 1 into a high-�pressure high- �temperature gas
refrigerant, and is discharged from the outlet.
�[0012] The second electronic expansion valve 8 is lo-
cated downstream of the receiver 12. The second elec-
tronic expansion valve 8 controls the refrigerant to be
evaporated in the heat exchanger 9 according to the de-
gree of superheat (degree of discharge superheat).�
The degree of discharge superheat for control is calcu-
lated from the difference between the temperature of the
refrigerant discharged from the compressor 1 which is
detected by temperature detection means Td and the
saturation temperature T10 calculated from the condens-
ing pressure of the refrigerant in the plate heat exchanger
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10 detected by the pressure detection means Pd.�
When the degree of discharge superheat is low, the de-
gree of opening of the second electronic expansion valve
8 is decreased to thereby decrease the amount of the
refrigerant evaporated by the heat exchanger 9 to in-
crease the degree of dryness of the refrigerant due to
evaporation, thereby increasing the degree of discharge
superheat. In contrast, when the degree of discharge su-
perheat is high, the degree of opening of the second elec-
tronic expansion valve 8 is increased to thereby increase
the amount of the refrigerant evaporated by the heat ex-
changer 9 to decrease the degree of dryness of the re-
frigerant due to evaporation, thereby decreasing the de-
gree of discharge superheat. �
Thus, the degree of discharge superheat can be control-
led by adjusting the degree of opening of the second
electronic expansion valve 8 according to the calculated
degree of discharge superheat. �
During heating water, the foregoing cycle is repeated to
thereby increase the temperature of the water by heat
pump action of transferring the heat obtained from out-
side air to the water flowing in the water pipe 50.
�[0013] A method for controlling the variable-�capacity
compressor 1 of the hot water system according to the
first embodiment of the invention will be described.�
The water flowing through the water pipe 50 gradually
increases in temperature while circulating. A target con-
densing temperature depends on a set water tempera-
ture because the condensing temperature depends on
the temperature of the circulating water. �
The target condensing temperature determined from the
set water temperature corresponds to the set tempera-
ture of air conditioners.�
The present condensing temperature corresponds to the
temperature of the air flowing into the heat exchanger in
the indoor unit of air conditioners. Thus, the compressor
1 is controlled according to the difference between the
present condensing temperature and the target condens-
ing temperature determined from the set water temper-
ature.�
The present condensing temperature is calculated as the
saturation temperature at the condensing pressure de-
tected by the pressure detection means Pd. �
When the present condensing temperature is lower than
the target condensing temperature determined from the
set water temperature and the difference therebetween
is large, the speed of operation of the compressor 1 is
increased to increase the amount of the refrigerant cir-
culating in the refrigerating cycle so that the actual con-
densing temperature reaches the target condensing tem-
perature fast, thereby enhancing the performance.�
In contrast, when the present condensing temperature
is lower than the target condensing temperature deter-
mined from the set water temperature and the difference
therebetween is small, or when the present condensing
temperature is higher than the target condensing tem-
perature, the speed of operation of the compressor 1 is
decreased to reduce the amount of the refrigerant circu-

lating in the refrigerating cycle, thereby reducing the per-
formance.
�[0014] As described above, the hot water system of
the first embodiment of the invention includes the pres-
sure detection means Pd disposed between the outlet of
the compressor 1 and the four- �way valve 2, for detecting
the pressure of the refrigerant discharged from the com-
pressor 1, wherein the operation speed of the compres-
sor 1 is controlled according to the difference between
the condensing temperature calculated from the pres-
sure detected by the pressure detection means Pd and
a target condensing temperature. The hot water system
further includes the temperature sensor Tix disposed at
the outlet of the plate heat exchanger 10 for detecting
the temperature of the liquid refrigerant, wherein the de-
gree of opening of the first electronic expansion valve 6
is adjusted according to the difference between the con-
densing temperature calculated from the pressure de-
tected by the pressure detection means Pd and the tem-
perature of the liquid refrigerant detected by the temper-
ature sensor Tix. Therefore, even with the plate heat ex-
changer 10, the first electronic expansion valve 6 and
the variable-�capacity compressor 1 can be controlled by
a control method similar to that for heating by an air con-
ditioner, ensuring reliability similar to that established by
the air conditioner. The application of the control estab-
lished for the air conditioner can reduce the period to
develop a control program.�
Moreover, the use of a refrigerant such as R410A used
in the air conditioner allows a control constant for use in
driving the actuators to be also applied, providing further
reliability and reducing the period for development.
�[0015] Second Embodiment
Fig. 3 is a refrigerant circuit diagram of a hot water system
according to a second embodiment of the invention.�
As shown in Fig. 3, the heat-�pump hot water system ac-
cording to the second embodiment of the invention in-
cludes the compressor 1, the four-�way valve 2 for switch-
ing the refrigerant circuit, the plate heat exchanger 10 for
exchanging heat between water and the refrigerant, the
first electronic expansion valve 6 for controlling the flow
rate of the refrigerant to decrease the pressure, the re-
ceiver 7 for holding an excess refrigerant, the second
electronic expansion valve 8 for controlling the flow rate
of the refrigerant to decrease the pressure, and the heat
exchanger 9 for exchanging heat between air and the
refrigerant, which are connected in sequence by a pipe-
line and housed in the hot water system outdoor unit 40.
�[0016] The second embodiment further includes pres-
sure detection means Pc disposed at the pipe connecting
the four- �way valve 2 and the plate heat exchanger 10,
for detecting the condensing pressure of the refrigerant.�
In the case where the pressure detection means Pc for
detecting the condensing pressure of the refrigerant is
disposed at the pipe connecting the four- �way valve 2 and
the plate heat exchanger 10, the distance between the
pressure detection means Pc and the plate heat ex-
changer 10 is short, so that the pressure loss of the pipe
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can be minimized. Accordingly, the condensing temper-
ature can be measured more accurately than the first
embodiment. �
Descriptions of the operations of the other components
are omitted here because they are the same as those of
the first embodiment.�
�[Explanation of Numerals]
�[0017]

1: COMPRESSOR
2: FOUR-�WAY VALVE
3: PIPELINE
6: FIRST ELECTRONIC EXPANSION VALVE
7: RECEIVER
8: SECOND ELECTRONIC EXPANSION VALVE
9: HEAT EXCHANGER
10: PLATE HEAT EXCHANGER
40: HOT WATER SYSTEM OUTDOOR UNIT
50: WATER PIPE
Td: TEMPERATURE SENSOR FOR DETECTING
DISCHARGED REFRIGERANT TEMPERATURE
Tix: TEMPERATURE SENSOR FOR DETECTING
LIQUID REFRIGERANT TEMPERATURE
Pd: PRESSURE DETECTION MEANS FOR DE-
TECTING DISCHARGED REFRIGERANT PRES-
SURE

Claims

1. A hot water system comprising:�

a compressor (1) with variable operation capac-
ity;
a four-�way valve (2) for switching the direction
of a refrigerating cycle;
a plate heat exchanger (10) for exchanging heat
between water and a refrigerant;
a first expansion valve (6) for controlling the flow
rate of the refrigerant to reduce the pressure;
and
a heat exchanger (9) for exchanging heat be-
tween air and the refrigerant, which are connect-
ed in that order by a pipeline (3) to form a refrig-
erating cycle for circulating the refrigerant,
thereby heating water;
the hot water system further comprising;
pressure detection means (Pd) disposed be-
tween the outlet of the compressor (1) and the
four-�way valve (2), for detecting the pressure of
the refrigerant discharged from the compressor
(1), wherein
the speed of operation of the compressor (1) is
controlled according to the difference between
the condensing temperature calculated from the
pressure detected by the pressure detection
means (Pd) and a target condensing tempera-
ture.

2. The hot water system according to Claim 1, further
comprising; �
temperature detection means (Tix) for detecting the
temperature of a liquid refrigerant disposed at the
outlet of the plate heat exchanger (10), wherein
the degree of opening of the first expansion valve
(6) is controlled according to the difference between
the condensing temperature calculated from the
pressure detected by the pressure detection means
(Pd) and the temperature of the liquid refrigerant de-
tected by the temperature detection means (Tix).

3. The hot water system according to Claim 1, further
comprising: �

a receiver (7) disposed between the first expan-
sion valve (6) and the heat exchanger. �(9);
a second expansion valve (8) disposed between
the receiver (7) and the heat exchanger (9); and
temperature detection means (Td) for detecting
the temperature of the discharged refrigerant,
disposed at the outlet of the compressor (1),
wherein
the degree of opening of the second expansion
valve (8) is controlled according to the difference
between the condensing temperature calculat-
ed from the pressure detected by the pressure
detection means (Pd) and the temperature of
the liquid refrigerant detected by the tempera-
ture detection means (Td).

4. A hot water system comprising:�

a compressor (1) with variable operation capac-
ity;
a four-�way valve (2) for switching the direction
of the refrigerating cycle;
a plate heat exchanger (10) for exchanging heat
between water and the refrigerant;
a first expansion valve (6) for controlling the flow
rate of the refrigerant to reduce the pressure;
and
a heat exchanger (9) for exchanging heat be-
tween air and the refrigerant, which are connect-
ed in that order by a pipeline to form a refriger-
ating cycle for circulating the refrigerant, thereby
heating water;
the hot water system further comprising;
pressure detection means (Pc) disposed be-
tween the four- �way valve (2) and the plate heat
exchanger (10), for detecting the condensing
pressure of the refrigerant, wherein
the speed of operation of the compressor (1) is
controlled according to the difference between
the condensing temperature calculated from the
pressure detected by the pressure detection
means (Pc) and a target condensing tempera-
ture.
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5. The hot water system according to Claim 4, further
comprising: �

temperature detection means (Tix) for detecting
the temperature of a liquid refrigerant disposed
at the outlet of the plate heat exchanger (10),
wherein
the degree of opening of the first expansion
valve (6) is controlled according to the difference
between the condensing temperature calculat-
ed from the pressure detected by the pressure
detection means (Pc) and the temperature of
the liquid refrigerant detected by the tempera-
ture detection means (Tix).

6. The hot water system according to Claim 4, further
comprising: �

a receiver (7) disposed between the first expan-
sion valve (6) and the heat exchanger (9);
a second expansion valve (8) disposed between
the receiver (7) and the heat exchanger (9); and
temperature detection means (Td) for detecting
the temperature of the discharged refrigerant,
disposed at the outlet of the compressor (1),
wherein
the degree of opening of the.second expansion
valve (8) is controlled according to the difference
between the condensing temperature calculat-
ed from the pressure detected by the pressure
detection means (Pc) and the temperature of
the liquid refrigerant detected by the tempera-
ture detection means (Td).

7. The hot water system according to any of Claims 1
to 6, wherein the refrigerant used in the refrigerating
cycle is R410A.

9 10 



EP 1 972 871 A2

7



EP 1 972 871 A2

8



EP 1 972 871 A2

9



EP 1 972 871 A2

10

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2002327949 A [0003]


	bibliography
	description
	claims
	drawings

