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DESCRIPTION 

Title of Invention 

HOT WATER SUPPLY APPARATUS 

Technical Field 

[0001] 5 

 The present disclosure relates to a hot water supply apparatus that causes a heat 

pump unit to heat water. 

Background Art 

[0002] 

 A typical hot water supply apparatus including a heat pump includes a heat pump 10 

unit and a tank unit.  The heat pump unit includes a compressor, a water heat 

exchanger, a pressure reducing device, and an air heat exchanger.  In the heat pump 

unit, the compressor, the water heat exchanger, the pressure reducing device, and the 

air heat exchanger are connected in circuit to form a refrigerant circuit through which 

refrigerant is circulated by driving the compressor. 15 

[0003] 

 The tank unit includes a hot water storage tank, a water pump, and a heat 

exchanger.  In the tank unit, the hot water storage tank, the water pump, and the heat 

exchanger are connected in circuit to form a circulation path through which water is 

circulated by driving the water pump.  In this case, the water heat exchanger in the 20 

heat pump unit can also serve as the heat exchanger in the tank unit. 

[0004] 

 In the hot water supply apparatus, when the compressor in the heat pump unit 

and the water pump in the tank unit are activated, the water flows out of the hot water 

storage tank into the circulation path through an outlet located in lower part of the hot 25 

water storage tank and then flows into the water heat exchanger.  The water flowing 

through the water heat exchanger exchanges heat with the refrigerant flowing through 

the water heat exchanger, so that the water is heated.  Then, the water is returned to 

the hot water storage tank through a hot water inlet located in upper part of the hot 
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water storage tank.  Consequently, high temperature hot water can be stored in the hot 

water storage tank of the hot water supply apparatus. 

[0005] 

 In the hot water supply apparatus, since unheated water flows from the lower part 

of the hot water storage tank and heated water flows into the upper part of the hot water 5 

storage tank, the unheated water in the lower part of the hot water storage tank is mixed 

with the heated water in the upper part of the hot water storage tank.  Consequently, 

medium temperature water having a temperature ranging from approximately 30 

degrees C to approximately 50 degrees C is stored in the hot water storage tank. 

[0006] 10 

 The medium temperature water is not suitable for use as a heat source for 

heating or for reheating bathtub water because its temperature is low.  If the heated 

water is not supplied until hot water is used up, the amount of heat per unit volume will 

decrease.  Furthermore, reheating the medium temperature water using the heat pump 

unit is inefficient, resulting in lower coefficient of performance (COP) of the hot water 15 

supply apparatus. 

[0007] 

 A recently developed hot water supply apparatus is configured such that medium 

temperature water present between upper and lower parts of a hot water storage tank 

and high temperature water present in the upper part of the hot water storage tank are 20 

mixed to have a predetermined set temperature for hot water and the mixed water is 

used as a heat source (refer to, for example, Patent Literature 1).  Effectively using the 

medium temperature water in the above-described manner can increase available heat 

in the hot water storage tank.  Since the medium temperature water is used, the 

medium temperature water in the hot water storage tank is reduced.  This leads to 25 

lower temperature of the water flowing into a heat pump unit. 

[0008] 

 A typical heat pump unit includes an internal heat exchanger to exchange heat 

between refrigerant leaving a water heat exchanger and refrigerant leaving an air heat 

exchanger.  The internal heat exchanger is used to prevent a rise in high-pressure-side 30 
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pressure caused by high temperature water flowing into the water heat exchanger.  In 

a configuration with no internal heat exchanger, a high-pressure-side pressure is likely 

to rise because high density refrigerant moves to the water heat exchanger.  In 

contrast, in the configuration with the internal heat exchanger, an excessive rise in high-

pressure-side pressure can be suppressed because high density refrigerant moves to 5 

the air heat exchanger.  However, if medium temperature water in a hot water storage 

tank is used, the water flowing into the heat pump unit will decrease in temperature.  

From the viewpoint of cost reduction, the need for the internal heat exchanger 

decreases. 

[0009] 10 

 In the above-described typical hot water supply apparatus operating under low 

outdoor air temperature conditions, the temperature of the air heat exchanger may fall 

to or below zero degrees C such that the air heat exchanger is frosted.  If the air heat 

exchanger is frosted, the heat transfer performance of the air heat exchanger will 

become worse, resulting in an increase in power consumption.  For this reason, in the 15 

related art, the pressure reducing device is fully opened and a defrosting operation for 

removing frost on the air heat exchanger is performed. 

[0010] 

 In the defrosting operation, high temperature refrigerant discharged from the 

compressor flows into the air heat exchanger, thereby removing the frost on the air heat 20 

exchanger.  In the final phase of the defrosting operation, most of the frost is melted.  

Consequently, the refrigerant decreases in density at an inlet of the pressure reducing 

device and flows at higher speed, thus increasing the sound of the refrigerant passing 

through the pressure reducing device. 

[0011] 25 

 A developed technique for suppressing an increase in sound of the passing 

refrigerant includes reducing an operating frequency of the compressor in the final 

phase of the defrosting operation (refer to Patent Literature 2, for example).  A 

reduction in operating frequency of the compressor results in a reduction in circulation 

rate of the refrigerant that is circulated through the refrigerant circuit, causing a 30 
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reduction in refrigerant flow speed at the inlet of the pressure reducing device.  Thus, 

the sound of the refrigerant passing through the pressure reducing device can be 

reduced. 

Citation List 

Patent Literature 5 

[0012] 

 Patent Literature 1: Japanese Unexamined Patent Application Publication No. 

2003-240342 

 Patent Literature 2: Japanese Unexamined Patent Application Publication No. 

2005-188863 10 

Summary of Invention 

Technical Problem 

[0013] 

 For the defrosting operation in the configuration with no internal heat exchanger, 

the refrigerant on the high-pressure side is subjected to heat exchange in the air heat 15 

exchanger and is then sucked into the compressor upon start of the defrosting 

operation.  At this time, the refrigerant sucked into the compressor is in a wetter state 

than that in the configuration with the internal heat exchanger.  In other words, the 

refrigerant sucked into the compressor has a higher density, resulting in an increase in 

flow speed of the refrigerant.  This leads to an increase in sound, or refrigerant passing 20 

sound, of the refrigerant passing through the pressure reducing device. 

[0014] 

 The present disclosure has been made to solve the above-described problem, 

and aims to provide a hot water supply apparatus in which an increase in refrigerant 

passing sound upon start of the defrosting operation can be suppressed. 25 

Solution to Problem 

[0015] 

 A hot water supply apparatus according to an embodiment of the present 

disclosure includes a heat pump unit that includes a compressor, a water heat 

exchanger, a pressure reducing device, and an air heat exchanger and that is 30 
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configured to heat water flowing through the water heat exchanger, a compressor 

control unit configured to control an operating frequency of the compressor, and a 

pressure reducing device control unit configured to control an opening degree of the 

pressure reducing device.  Upon start of a defrosting operation in which the pressure 

reducing device is opened, supply of the water to the water heat exchanger is stopped, 5 

and refrigerant discharged from the compressor is caused to flow into the air heat 

exchanger, at least one of the operating frequency of the compressor and the opening 

degree of the pressure reducing device is controlled by the compressor control unit or 

the pressure reducing device control unit, thereby reducing flow speed of the refrigerant 

flowing into the pressure reducing device. 10 

Advantageous Effects of Invention 

[0016] 

 According to the embodiment of the present disclosure, upon start of the 

defrosting operation, the operating frequency of the compressor or the opening degree 

of the pressure reducing device is controlled, thereby reducing the flow speed of the 15 

refrigerant flowing into the pressure reducing device.  This can suppress an increase in 

refrigerant passing sound upon start of the defrosting operation. 

Brief Description of Drawings 

[0017] 

 [Fig. 1] Fig. 1 is a schematic diagram of an exemplary configuration of a hot water 20 

supply apparatus according to Embodiment 1. 

 [Fig. 2] Fig. 2 is a block diagram of an exemplary configuration of a controller in 

Fig. 1. 

 [Fig. 3] Fig. 3 is a graph showing an example of a refrigeration cycle upon start of 

a defrosting operation. 25 

 [Fig. 4] Fig. 4 is a schematic diagram of an exemplary configuration of a hot water 

supply apparatus according to Embodiment 2. 

 [Fig. 5] Fig. 5 is a block diagram of an exemplary configuration of a controller in 

Fig. 4. 
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 [Fig. 6] Fig. 6 is a flowchart illustrating an example of a process of reducing 

passing sound in Embodiment 2. 

 [Fig. 7] Fig. 7 is a schematic diagram of an exemplary configuration of a hot water 

supply apparatus according to Embodiment 3. 

 [Fig. 8] Fig. 8 is a block diagram of an exemplary configuration of a controller in 5 

Fig. 7. 

 [Fig. 9] Fig. 9 is a schematic diagram of an exemplary configuration of a hot water 

supply apparatus according to Embodiment 4. 

 [Fig. 10] Fig. 10 is a block diagram of an exemplary configuration of a controller in 

Fig. 9. 10 

 [Fig. 11] Fig. 11 is a schematic diagram of an exemplary configuration of a hot 

water supply apparatus according to Embodiment 5. 

 [Fig. 12] Fig. 12 is a block diagram of an exemplary configuration of a controller in 

Fig. 11. 

 [Fig. 13] Fig. 13 is a flowchart illustrating an example of a process of reducing 15 

passing sound in Embodiment 5. 

 [Fig. 14] Fig. 14 is a schematic diagram of an exemplary configuration of a hot 

water supply apparatus according to Embodiment 6. 

 [Fig. 15] Fig. 15 is a block diagram of an exemplary configuration of a controller in 

Fig. 14. 20 

 [Fig. 16] Fig. 16 is a graph showing an example of a refrigeration cycle upon start 

of the defrosting operation. 

Description of Embodiments 

[0018] 

Embodiment 1. 25 

 A hot water supply apparatus according to Embodiment 1 of the present 

disclosure will be described below.  The hot water supply apparatus according to 

Embodiment 1 includes a heat pump that causes heat exchange between water stored 

in a hot water storage tank and refrigerant to heat the water and causes the heated 

water to be stored in the hot water storage tank. 30 
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[0019] 

[Configuration of Hot Water Supply Apparatus 1] 

 Fig. 1 is a schematic diagram of an exemplary configuration of a hot water supply 

apparatus 1 according to Embodiment 1.  As illustrated in Fig. 1, the hot water supply 

apparatus 1 includes a heat pump unit 10 and a tank unit 20. 5 

[0020] 

(Heat Pump Unit 10) 

 The heat pump unit 10 includes a compressor 11, a water heat exchanger 12, a 

pressure reducing device 13, an air heat exchanger 14, and a fan 15.  The compressor 

11, the water heat exchanger 12, the pressure reducing device 13, and the air heat 10 

exchanger 14 are connected in circuit by refrigerant pipes to form a refrigerant circuit. 

[0021] 

 The compressor 11 sucks low temperature, low pressure refrigerant, compresses 

the sucked refrigerant into high temperature, high pressure refrigerant, and discharges 

the refrigerant.  The compressor 11 is, for example, an inverter compressor whose 15 

capacity, which corresponds to the amount of refrigerant sent per unit time, is controlled 

by changing an operating frequency, for example.  The operating frequency of the 

compressor 11 is controlled by a controller 30, which will be described later. 

[0022] 

 The water heat exchanger 12 exchanges heat between the refrigerant flowing 20 

through the refrigerant circuit connected to a refrigerant passage and water flowing 

through a water circuit connected to a water passage.  The water heat exchanger 12 

functions as a condenser that transfers heat from the refrigerant to the water to 

condense the refrigerant.  The pressure reducing device 13 reduces the pressure of 

the refrigerant.  The pressure reducing device 13 includes a valve whose opening 25 

degree can be controlled, for example, an electronic expansion valve.  The opening 

degree of the pressure reducing device 13 is controlled by the controller 30. 

[0023] 

 The air heat exchanger 14 exchanges heat between the refrigerant and outdoor 

air supplied by the fan 15.  In a heating operation, the air heat exchanger 14 functions 30 
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as an evaporator that evaporates the refrigerant to cool the outdoor air with heat of 

vaporization of the refrigerant.  The fan 15 is driven by a motor (not illustrated) and is 

provided to send outdoor air, which is to be used for heat exchange with the refrigerant 

in the air heat exchanger 14, to the air heat exchanger 14. 

[0024] 5 

(Tank Unit 20) 

 The tank unit 20 in Fig. 1 includes a hot water storage tank 21 and a water pump 

22.  The hot water storage tank 21 and the water pump 22 are connected in circuit by 

water pipes to form the water circuit. 

[0025] 10 

 The hot water storage tank 21 stores water supplied from the outside and heated 

water.  The hot water storage tank 21 has a water intake and an outlet in its lower part.  

The hot water storage tank 21 receives city water supplied from the outside through the 

water intake and stores the supplied city water as water that is not heated, or unheated 

water.  The unheated water stored in the lower part of the hot water storage tank 21 15 

flows out of the tank through the outlet and is supplied to the water heat exchanger 12. 

[0026] 

 The hot water storage tank 21 has an inlet in its upper part.  The hot water 

storage tank 21 receives heated water, heated by the water heat exchanger 12, through 

the inlet and stores the supplied heated water.  The heated water stored in the upper 20 

part of the hot water storage tank 21 is discharged to the outside and is used as hot 

water for a shower, for example. 

[0027] 

 The water pump 22 is driven by a motor (not illustrated), and supplies water 

leaving the hot water storage tank 21 to the water heat exchanger 12.  Driving of the 25 

water pump 22 is controlled by the controller 30. 

[0028] 

(Controller 30) 

 The hot water supply apparatus 1 further includes the controller 30.  The 

controller 30 controls, based on various pieces of information from components of the 30 
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hot water supply apparatus 1, an overall operation of the heat pump unit 10 and that of 

the tank unit 20.  In particular, in Embodiment 1, the controller 30 controls, for example, 

the operating frequency of the compressor 11 and the opening degree of the pressure 

reducing device 13. 

[0029] 5 

 In this exemplary configuration, the controller 30 is disposed in the heat pump 

unit 10.  The configuration is not limited to this example.  The controller 30 may be 

disposed in the tank unit 20 or may be disposed separately.  The controller 30 is 

configured such that various functions are implemented by software running on an 

arithmetic device, such as a microcomputer.  Alternatively, the controller 30 is 10 

configured by hardware, such as circuit devices that implement various functions. 

[0030] 

 Fig. 2 is a block diagram of an exemplary configuration of the controller 30 in Fig. 

1.  As illustrated in Fig. 2, the controller 30 includes an operation state determination 

unit 31, a compressor control unit 32, and a pressure reducing device control unit 33.  15 

The operation state determination unit 31 determines, based on operation information 

supplied from the outside and representing an operation state of the heat pump unit 10, 

whether the operation state of the heat pump unit 10 is the defrosting operation. 

[0031] 

 In response to a determination result of the operation state determination unit 31 20 

and representing that the operation state of the heat pump unit 10 is the defrosting 

operation, the compressor control unit 32 outputs a control signal for reducing the 

operating frequency of the compressor 11.  Furthermore, in response to such a 

determination result of the operation state determination unit 31 and representing that 

the operation state of the heat pump unit 10 is the defrosting operation, the pressure 25 

reducing device control unit 33 outputs a control signal for reducing the opening degree 

of the pressure reducing device 13.  In Embodiment 1, if the operation state of the heat 

pump unit 10 is the defrosting operation, either one of the operating frequency of the 

compressor 11 and the opening degree of the pressure reducing device 13 may be 

controlled. 30 
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[0032] 

[Behavior of Hot Water Supply Apparatus 1] 

 The behavior of the hot water supply apparatus 1 with the above-described 

configuration will now be described.  The following description will focus on the flows of 

refrigerant and water in a normal operation and the behavior of the apparatus upon start 5 

of the defrosting operation. 

[0033] 

(Flows of Refrigerant and Water) 

 The flows of refrigerant and water in the normal operation will now be described.  

For the refrigerant flowing through the refrigerant circuit, the refrigerant is compressed 10 

and discharged by the compressor 11.  The refrigerant discharged from the 

compressor 11 flows into the water heat exchanger 12.  The refrigerant flowing through 

the water heat exchanger 12 exchanges heat with the water flowing through the water 

circuit and condenses while transferring heat to the water, thus heating the water.  

Then, the refrigerant flows out of the water heat exchanger 12. 15 

[0034] 

 The refrigerant leaving the water heat exchanger 12 is reduced in pressure and 

expanded by the pressure reducing device 13.  Then, the refrigerant flows out of the 

pressure reducing device 13.  The refrigerant leaving the pressure reducing device 13 

flows into the air heat exchanger 14.  The refrigerant flowing through the air heat 20 

exchanger 14 exchanges heat with the outdoor air, removes heat from the outdoor air, 

and thus evaporates.  Then, the refrigerant flows out of the air heat exchanger 14.  

The refrigerant leaving the air heat exchanger 14 is sucked into the compressor 11.  

The refrigerant is repeatedly circulated in the above-described manner. 

[0035] 25 

 In the tank unit 20, the water pump 22 is driven, so that the unheated water flows 

out of the hot water storage tank 21 through the outlet located in the lower part of the 

tank.  The unheated water leaving the hot water storage tank 21 flows into the water 

heat exchanger 12.  The unheated water flowing through the water heat exchanger 12 

exchanges heat with the refrigerant and is thus heated.  Then, the heated water flows 30 



11 

out of the water heat exchanger 12.  The heated water leaving the water heat 

exchanger 12 flows into the hot water storage tank 21 through the inlet located in the 

upper part of the hot water storage tank 21 and is stored in the hot water storage tank 

21.  The unheated water in the hot water storage tank 21 is repeatedly circulated in the 

above-described manner. 5 

[0036] 

(Behavior upon Start of Defrosting Operation) 

 The behavior of the apparatus upon start of the defrosting operation will now be 

described.  In the case where the hot water supply apparatus 1 is operated in the 

above-described manner under low outdoor air temperature conditions, the temperature 10 

of the air heat exchanger 14 falls to or below zero degrees C and the air heat exchanger 

14 is thus frosted.  For this reason, the defrosting operation is performed. 

[0037] 

 In a normal defrosting operation, the compressor 11 is operated under conditions 

where the pressure reducing device 13 is fully opened and supply of the unheated water 15 

to the water heat exchanger 12 is stopped.  In this case, the amount of heat 

exchanged in the water heat exchanger 12 decreases, the refrigerant is maintained at a 

high temperature accordingly, and the high temperature refrigerant flows into the air 

heat exchanger 14.  Consequently, frost on the air heat exchanger 14 is melted by heat 

from the refrigerant. 20 

[0038] 

 Fig. 3 is a graph showing an example of a refrigeration cycle upon start of the 

defrosting operation.  In Fig. 3, broken lines are isotherms and solid lines are isopycnic 

lines.  In Fig. 3, a thick solid line represents a refrigerant state under conditions where 

the pressure reducing device 13 has a fully opened opening degree, and a thick 25 

alternate long and short dashed line represents a refrigerant state under conditions 

where the pressure reducing device 13 has a small opening degree.  In a case where 

the opening degree of the pressure reducing device 13 is fully opened upon start of the 

defrosting operation as in the related art, the density of the refrigerant sucked into the 

compressor 11 increases as illustrated in Fig. 3.  This results in an increase in flow 30 
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speed of the refrigerant at an inlet of the pressure reducing device 13, leading to an 

increase in sound of the refrigerant passing through the pressure reducing device 13. 

[0039] 

 In Embodiment 1, to reduce the refrigerant passing sound at the inlet of the 

pressure reducing device 13, the operating frequency of the compressor 11 or the 5 

opening degree of the pressure reducing device 13 is reduced upon start of the 

defrosting operation. 

[0040] 

 Reducing the operating frequency of the compressor 11 reduces the circulation 

rate of the refrigerant upon start of the defrosting operation, thus reducing the flow 10 

speed of the refrigerant at the inlet of the pressure reducing device 13.  A reduction in 

flow speed of the refrigerant at the inlet of the pressure reducing device 13 results in a 

reduction in sound of the refrigerant passing through the pressure reducing device 13. 

[0041] 

 Reducing the opening degree of the pressure reducing device 13 increases the 15 

density of the refrigerant at the inlet of the pressure reducing device 13 upon start of the 

defrosting operation, as illustrated in Fig. 3, thus reducing the flow speed of the 

refrigerant at the inlet of the pressure reducing device 13.  A reduction in flow speed of 

the refrigerant at the inlet of the pressure reducing device 13 results in a reduction in 

sound of the refrigerant passing through the pressure reducing device 13. 20 

[0042] 

 As described above, in the hot water supply apparatus 1 according to 

Embodiment 1, the operating frequency of the compressor 11 or the opening degree of 

the pressure reducing device 13 is regulated to a smaller value upon start of the 

defrosting operation.  Consequently, the flow speed of the refrigerant flowing into the 25 

pressure reducing device 13 is reduced, thus suppressing an increase in sound of the 

refrigerant passing through the pressure reducing device 13. 

[0043] 

Embodiment 2. 
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 Embodiment 2 of the present disclosure will be described below.  Embodiment 2 

will be described using a concrete example in which the operating frequency of the 

compressor 11 is reduced upon start of the defrosting operation to reduce the 

refrigerant passing sound at the inlet of the pressure reducing device 13. 

[0044] 5 

 Let Whp denote the power consumption of the heat pump unit 10 and let W tank 

denote the power consumption of the tank unit 20.  The hot water supply apparatus 1 

has an input power Wsys given below by Equation (1). 

 Wsys = Whp + Wtank        ...(1) 

[0045] 10 

 Let Wcomp denote the input power of the compressor.  The power consumption 

Whp of the heat pump unit 10 is calculated using Equation (2). 

 Whp = Wcomp          ...(2) 

where  is a factor determined based on the specification of the heat pump unit 10. 

[0046] 15 

 Let Icomp denote a current through the compressor 11 and let Vcomp denote a 

voltage applied to the compressor 11.  The compressor input power Wcomp is calculated 

using Equation (3). 

 Wcomp = Icomp  Vcomp       ...(3) 

[0047] 20 

 Let s denote a suction density of refrigerant sucked into the compressor 11, let fz 

denote the operating frequency of the compressor 11, let hd denote the enthalpy of 

refrigerant discharged from the compressor 11, and let hs denote the enthalpy of 

refrigerant sucked into the compressor 11.  The compressor input power Wcomp can 

also be expressed by Equation (4). 25 

 Wcomp = s  fz    (hd - hs)      ...(4) 

where  is a factor determined based on the specification of the heat pump unit 10. 

[0048] 

 In general, as the suction density at the compressor 11 increases, the circulation 

rate of the refrigerant flowing through the refrigerant circuit increases.  This results in 30 
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an increase in flow speed of the refrigerant at the inlet of the pressure reducing device 

13, causing an increase in sound of the refrigerant passing through the pressure 

reducing device 13.  As is evident from Equation (4), as the suction density s at the 

compressor 11 increases, the compressor input power Wcomp increases. 

[0049] 5 

 In other words, it is evident that the compressor input power Wcomp correlates with 

the sound of the refrigerant passing through the pressure reducing device 13.  

Specifically, the refrigerant passing sound increases as the compressor input power 

Wcomp increases, whereas the refrigerant passing sound decreases as the compressor 

input power Wcomp decreases.  Therefore, if the refrigerant passing sound increases, 10 

the compressor input power Wcomp may be reduced.  To reduce the compressor input 

power Wcomp, as is clear from Equation (4), the operating frequency fz of the compressor 

11 may be reduced. 

[0050] 

 In Embodiment 2, the operating frequency of the compressor 11 is controlled 15 

based on the compressor input power of the compressor 11, thereby reducing the 

sound of the refrigerant passing through the pressure reducing device 13. 

[0051] 

[Configuration of Hot Water Supply Apparatus 100] 

 Fig. 4 is a schematic diagram of an exemplary configuration of a hot water supply 20 

apparatus 100 according to Embodiment 2.  In the following description, components 

common to Embodiment 1 are designated by the same reference signs, and a detailed 

description of these components is omitted. 

[0052] 

 As illustrated in Fig. 4, the hot water supply apparatus 100 includes a heat pump 25 

unit 110 and the tank unit 20.  The heat pump unit 110 includes the compressor 11, the 

water heat exchanger 12, the pressure reducing device 13, the air heat exchanger 14, 

and the fan 15.  The heat pump unit 110 further includes a current sensor 16.  The 

current sensor 16 detects a current supplied to the compressor 11 and sends 

information on the detected current to a controller 130. 30 



15 

[0053] 

 The hot water supply apparatus 100 further includes the controller 130.  In this 

exemplary configuration, the controller 130 is disposed in the heat pump unit 110.  The 

configuration is not limited to this example.  The controller 130 may be disposed in the 

tank unit 20 or may be disposed separately.  The controller 130 controls the operating 5 

frequency of the compressor 11 on the basis of the information on the current through 

the compressor 11 sent from the current sensor 16 and a voltage applied to the 

compressor 11.  The controller 130 is configured such that various functions are 

implemented by software running on an arithmetic device, such as a microcomputer.  

Alternatively, the controller 130 is configured by hardware, such as circuit devices that 10 

implement various functions. 

[0054] 

(Configuration of Controller 130) 

 Fig. 5 is a block diagram of an exemplary configuration of the controller 130 in 

Fig. 4.  As illustrated in Fig. 5, the controller 130 includes the operation state 15 

determination unit 31, a compressor input power calculation unit 131, a compressor 

input power determination unit 132, the compressor control unit 32, and a storage unit 

133.  The compressor input power calculation unit 131 calculates a compressor input 

power from the information on the current through the compressor 11 sent from the 

current sensor 16 and a set voltage of, for example, 200 V, applied to the compressor 20 

11. 

[0055] 

 The compressor input power determination unit 132 compares the compressor 

input power calculated by the compressor input power calculation unit 131 with a 

compressor input power threshold previously stored in the storage unit 133.  In a case 25 

where the compressor input power exceeds the threshold, the compressor input power 

determination unit 132 determines an increase in refrigerant passing sound at the inlet 

of the pressure reducing device 13.  In a case where the compressor input power is 

less than or equal to the threshold, the compressor input power determination unit 132 

determines a reduction in refrigerant passing sound. 30 
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[0056] 

 The compressor control unit 32 controls the operating frequency of the 

compressor 11 on the basis of a determination result of the compressor input power 

determination unit 132.  Specifically, in the case where the compressor input power 

determination unit 132 determines an increase in refrigerant passing sound, the 5 

compressor control unit 32 outputs a control signal for reducing the operating frequency 

of the compressor 11.  In the case where a reduction in refrigerant passing sound is 

determined, the compressor control unit 32 outputs a control signal for increasing the 

operating frequency of the compressor 11. 

[0057] 10 

 The storage unit 133 previously stores various pieces of information used in the 

components of the controller 130.  In particular, in Embodiment 2, the storage unit 133 

previously stores the compressor input power threshold, which is used in the 

compressor input power determination unit 132. 

[0058] 15 

[Process of Reducing Passing Sound] 

 A process of reducing the passing sound in the hot water supply apparatus 100 

according to Embodiment 2 will now be described.  Fig. 6 is a flowchart illustrating an 

example of the passing sound reducing process in Embodiment 2. 

[0059] 20 

 In step S1, the operation state determination unit 31 determines whether the 

operation state of the heat pump unit 10 is the defrosting operation.  If it is determined 

that the operation state is the defrosting operation (Yes in step S1), the compressor 

input power calculation unit 131 calculates, in step S2, a compressor input power from a 

current through the compressor 11 detected by the current sensor 16 and the set 25 

voltage applied to the compressor 11. 

[0060] 

 In step S3, the compressor input power determination unit 132 reads the 

compressor input power threshold from the storage unit 133, and compares the 

compressor input power calculated in step S2 with the threshold read from the storage 30 
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unit 133.  As a result of comparison, if the compressor input power is greater than the 

threshold (Yes in step S3), the compressor input power determination unit 132 

determines an increase in refrigerant passing sound at the inlet of the pressure reducing 

device 13.  In step S4, the compressor control unit 32 outputs a control signal for 

reducing the operating frequency of the compressor 11.  Consequently, the operating 5 

frequency of the compressor 11 is reduced. 

[0061] 

 If the compressor input power is less than or equal to the threshold (No in step 

S3), the compressor input power determination unit 132 determines a reduction in 

refrigerant passing sound at the inlet of the pressure reducing device 13.  In step S5, 10 

the compressor control unit 32 outputs a control signal for increasing the operating 

frequency of the compressor 11.  Consequently, the operating frequency of the 

compressor 11 is increased. 

[0062] 

 When processing in step S4 or step S5 is finished, the process returns to step 15 

S1.  The process including steps S1 to S5 is repeated at set intervals.  If it is 

determined in step S1 that the operation state of the heat pump unit 10 is not the 

defrosting operation (No in step S1), the process including such a series of steps is 

terminated. 

[0063] 20 

 As described above, in Embodiment 2, in the case where an increase in 

refrigerant passing sound at the inlet of the pressure reducing device 13 is determined 

based on an increase in compressor input power of the compressor 11, the operating 

frequency of the compressor 11 is reduced.  Thus, the refrigerant passing sound upon 

start of the defrosting operation can be reduced.  In the case where a reduction in 25 

refrigerant passing sound is determined based on a reduction in compressor input 

power, the operating frequency of the compressor 11 is increased.  This results in an 

increase in circulation rate of the refrigerant through the refrigerant circuit.  This 

enables much heat to be sent to the air heat exchanger 14, thus reducing defrosting 

time. 30 
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[0064] 

 In this example, the operating frequency of the compressor 11 is controlled based 

on a current through the compressor 11.  The manner of control is not limited to this 

example.  For example, the operating frequency of the compressor 11 may be 

controlled based on, for example, the compressor input power of the compressor 11, the 5 

power consumption of the heat pump unit 10, or the input power of the hot water supply 

apparatus 1. 

[0065] 

 In Embodiment 2, the compressor input power Wcomp of the compressor 11 is 

calculated from the current Icomp flowing through the compressor 11 detected by the 10 

current sensor 16 and the voltage Vcomp applied to the compressor 11.  In this case, for 

example, a sensor capable of directly detecting the compressor input power Wcomp may 

be disposed instead of the current sensor 16.  The operating frequency fz of the 

compressor 11 can be controlled based on the detected compressor input power Wcomp. 

[0066] 15 

 As is clear from Equation (2), the power consumption Whp of the heat pump unit 

10 is a value that depends on the compressor input power Wcomp of the compressor 11.  

In other words, the refrigerant passing sound, which correlates with the compressor 

input power Wcomp, also correlates with the power consumption Whp of the heat pump 

unit 10.  For example, a sensor capable of detecting the power consumption Whp of the 20 

heat pump unit 10 may be disposed.  The operating frequency fz of the compressor 11 

can be controlled based on the detected power consumption Whp of the heat pump unit 

10. 

[0067] 

 As is clear from Equation (1), the input power Wsys of the hot water supply 25 

apparatus 1 is a value that depends on the power consumption Whp of the heat pump 

unit 10 and the power consumption Wtank of the tank unit 20.  The power consumption 

Wtank of the tank unit 20 is determined by an operation state of the tank unit 20.  As 

long as the tank unit 20 is in a constant operation state, the power consumption Wtank is 

substantially fixed regardless of the operation state of the heat pump unit 10.  30 
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Specifically, in a case where the tank unit 20 is in the constant operation state upon 

start of the defrosting operation, the input power Wsys of the hot water supply apparatus 

1 depends on the operation state of the heat pump unit 10, as is evident from Equation 

(1).  For example, a sensor capable of detecting the input power Wsys of the hot water 

supply apparatus 1 may be disposed.  The operating frequency fz of the compressor 5 

11 can be controlled based on the detected input power Wsys of the hot water supply 

apparatus 1. 

[0068] 

 As described above, in the hot water supply apparatus 100 according to 

Embodiment 2, the compressor input power of the compressor 11 is compared with the 10 

set threshold.  In the case where the compressor input power exceeds the set 

threshold, the operating frequency of the compressor 11 is regulated to a lower value.  

This results in a reduction in flow speed of the refrigerant flowing into the pressure 

reducing device 13, thus suppressing an increase in sound of the refrigerant passing 

through the pressure reducing device 13. 15 

[0069] 

Embodiment 3. 

 Embodiment 3 of the present disclosure will be described below.  Embodiment 3 

differs from Embodiment 2 in that a discharge temperature of the refrigerant discharged 

from the compressor 11 is detected and the operating frequency of the compressor 11 is 20 

controlled based on the detected discharge temperature. 

[0070] 

[Configuration of Hot Water Supply Apparatus 200] 

 Fig. 7 is a schematic diagram of an exemplary configuration of a hot water supply 

apparatus 200 according to Embodiment 3.  In the following description, components 25 

common to Embodiments 1 and 2 are designated by the same reference signs, and a 

detailed description of these components is omitted. 

[0071] 

 As illustrated in Fig. 7, the hot water supply apparatus 200 includes a heat pump 

unit 210 and the tank unit 20.  The heat pump unit 210 includes the compressor 11, the 30 
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water heat exchanger 12, the pressure reducing device 13, the air heat exchanger 14, 

and the fan 15.  The heat pump unit 210 further includes a discharge temperature 

sensor 17.  The discharge temperature sensor 17 detects a discharge temperature of 

the refrigerant discharged from the compressor 11 and sends information on the 

detected discharge temperature to a controller 230. 5 

[0072] 

 The hot water supply apparatus 200 further includes the controller 230.  In this 

exemplary configuration, the controller 230 is disposed in the heat pump unit 210.  The 

configuration is not limited to this example.  The controller 230 may be disposed in the 

tank unit 20 or may be disposed separately.  The controller 230 controls the operating 10 

frequency of the compressor 11 on the basis of the information on the refrigerant 

discharge temperature sent from the discharge temperature sensor 17.  The controller 

230 is configured such that various functions are implemented by software running on 

an arithmetic device, such as a microcomputer.  Alternatively, the controller 230 is 

configured by hardware, such as circuit devices that implement various functions. 15 

[0073] 

(Configuration of Controller 230) 

 Fig. 8 is a block diagram of an exemplary configuration of the controller 230 in 

Fig. 7.  As illustrated in Fig. 8, the controller 230 includes the operation state 

determination unit 31, a refrigerant state estimation unit 231, a suction state estimation 20 

unit 232, a circulation rate calculation unit 233, a refrigerant flow speed calculation unit 

234, an operating frequency determination unit 235, the compressor control unit 32, and 

a storage unit 236. 

[0074] 

 The refrigerant state estimation unit 231 estimates a high-pressure-side pressure, 25 

which is a pressure on a high-pressure side, on the basis of an operating frequency of 

the compressor 11 and a compressor efficiency of the compressor 11.  Then, the 

refrigerant state estimation unit 231 estimates a state of the refrigerant discharged from 

the compressor 11 on the basis of the estimated high-pressure-side pressure and the 
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discharge temperature, detected by the discharge temperature sensor 17, of the 

refrigerant discharged from the compressor 11. 

[0075] 

 The suction state estimation unit 232 estimates a suction state of the refrigerant 

to be sucked into the compressor 11 on the basis of the refrigerant state estimated by 5 

the refrigerant state estimation unit 231 and the compressor efficiency.  The circulation 

rate calculation unit 233 calculates a refrigerant circulation rate from the refrigerant 

suction state estimated by the suction state estimation unit 232 and the operating 

frequency of the compressor 11.  The refrigerant flow speed calculation unit 234 

calculates a flow speed of the refrigerant at the inlet of the pressure reducing device 13 10 

from the refrigerant suction state estimated by the suction state estimation unit 232 and 

the refrigerant circulation rate calculated by the circulation rate calculation unit 233. 

[0076] 

 The operating frequency determination unit 235 calculates a refrigerant 

circulation rate so that a reduction in sound of the refrigerant passing through the 15 

pressure reducing device 13 is achieved at the refrigerant flow speed calculated by the 

refrigerant flow speed calculation unit 234.  Then, the operating frequency 

determination unit 235 determines an operating frequency of the compressor 11 so that 

the calculated refrigerant circulation rate is achieved.  The compressor control unit 32 

outputs a control signal for driving the compressor 11 at the operating frequency 20 

determined by the operating frequency determination unit 235. 

[0077] 

 The storage unit 236 previously stores various pieces of information to be used in 

the components of the controller 230.  In particular, in Embodiment 3, the storage unit 

236 stores the compressor efficiency of the compressor 11 and, for example, various 25 

factors to be used for calculation in the components. 

[0078] 

[Process of Reducing Passing Sound] 

 A process of reducing the passing sound in the hot water supply apparatus 200 

according to Embodiment 3 will now be described.  In the case where the operation 30 
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state of the heat pump unit 10 is the defrosting operation, the refrigerant state 

estimation unit 231 estimates a high-pressure-side pressure in the refrigerant circuit.  

The high-pressure-side pressure can be estimated based on the operating frequency of 

the compressor 11 and the compressor efficiency stored in the storage unit 236.  

Furthermore, the refrigerant state estimation unit 231 estimates a state of the refrigerant 5 

discharged from the compressor 11 on the basis of the estimated high-pressure-side 

pressure and the refrigerant discharge temperature detected by the discharge 

temperature sensor 17. 

[0079] 

 The suction state estimation unit 232 estimates a suction state of the refrigerant 10 

to be sucked into the compressor 11 on the basis of the refrigerant state estimated by 

the refrigerant state estimation unit 231 and the compressor efficiency stored in the 

storage unit 236. 

[0080] 

 The circulation rate calculation unit 233 calculates a refrigerant circulation rate 15 

from the refrigerant suction state estimated by the suction state estimation unit 232 and 

the operating frequency of the compressor 11.  Let s denote the refrigerant suction 

state and let fz denote the operating frequency of the compressor 11.  The refrigerant 

circulation rate, Gr, is calculated using Equation (5).  In Equation (5),  is a correction 

factor determined based on the specification of the heat pump unit 10. 20 

 Gr = s  fz          ...(5) 

[0081] 

 The refrigerant circulation rate Gr can also be calculated from a refrigerant flow 

speed at the inlet of the pressure reducing device 13.  Let Vlev denote the refrigerant 

flow speed and let rin denote the diameter of an inlet pipe of the pressure reducing 25 

device 13.  The refrigerant circulation rate Gr is calculated using Equation (6).  The 

refrigerant flow speed calculation unit 234 calculates the refrigerant flow speed Vlev at 

the inlet of the pressure reducing device 13 using Equation (6).  The refrigerant 

circulation rate Gr used at this time is the value calculated using Equation (5). 

 Gr = s  Vlev  rin       ...(6) 30 
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[0082] 

 As described above, the refrigerant flow speed correlates with the refrigerant 

circulation rate of the refrigerant flowing through the refrigerant circuit.  In other words, 

a change in refrigerant flow speed causes a change in refrigerant circulation rate, and 

the change in refrigerant circulation rate causes a change in sound of the refrigerant 5 

passing through the pressure reducing device 13.  Therefore, the refrigerant flow 

speed may be reduced to reduce the refrigerant passing sound. 

[0083] 

 The operating frequency determination unit 235 calculates the refrigerant 

circulation rate Gr so that a reduction in sound of the refrigerant passing through the 10 

pressure reducing device 13 is achieved at the refrigerant flow speed Vlev calculated by 

the refrigerant flow speed calculation unit 234.  Then, the operating frequency 

determination unit 235 calculates the operating frequency fz of the compressor 11 from 

the calculated refrigerant circulation rate Gr by using Equation (5).  The operating 

frequency fz calculated at this time is a frequency at which a reduction in refrigerant 15 

passing sound is achieved. 

[0084] 

 As described above, in Embodiment 3, the refrigerant flow speed at the inlet of 

the pressure reducing device 13 is calculated from the discharge temperature of the 

refrigerant discharged from the compressor 11.  Then, the operating frequency of the 20 

compressor 11 is determined so that a reduction in sound of the refrigerant passing 

through the pressure reducing device 13 is achieved at the calculated refrigerant flow 

speed.  Consequently, the operating frequency for reducing the refrigerant passing 

sound can be determined finely.  This prevents an excessive reduction in operating 

frequency, thus reducing the defrosting time. 25 

[0085] 

 As described above, in the hot water supply apparatus 200 according to 

Embodiment 3, a suction state of the refrigerant to be sucked into the compressor 11 is 

estimated based on a discharge temperature detected by the discharge temperature 

sensor 17, and a refrigerant circulation rate is calculated from the estimated suction 30 
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state.  An operating frequency of the compressor 11 is determined based on the 

calculated refrigerant circulation rate.  Consequently, the operating frequency of the 

compressor 11 is set to an operating frequency at which a reduction in flow speed of the 

refrigerant flowing into the pressure reducing device 13 is achieved, thus suppressing 

an increase in sound of the refrigerant passing through the pressure reducing device 5 

13. 

[0086] 

Embodiment 4. 

 Embodiment 4 of the present disclosure will be described below.  Embodiment 4 

differs from Embodiment 3 in that a high-pressure-side pressure sensor is disposed in 10 

the refrigerant circuit.  In Embodiment 3, a high-pressure-side pressure is estimated, 

and an operating frequency of the compressor 11 is determined based on the estimated 

high-pressure-side pressure.  In Embodiment 4, the high-pressure-side pressure 

sensor detects a high-pressure-side pressure, and an operating frequency of the 

compressor 11 is determined based on the detected high-pressure-side pressure. 15 

[0087] 

[Configuration of Hot Water Supply Apparatus 300] 

 Fig. 9 is a schematic diagram of an exemplary configuration of a hot water supply 

apparatus 300 according to Embodiment 4.  In the following description, components 

common to Embodiments 1 to 3 are designated by the same reference signs, and a 20 

detailed description of these components is omitted. 

[0088] 

 As illustrated in Fig. 9, the hot water supply apparatus 300 includes a heat pump 

unit 310 and the tank unit 20.  The heat pump unit 310 includes the compressor 11, the 

water heat exchanger 12, the pressure reducing device 13, the air heat exchanger 14, 25 

and the fan 15.  The heat pump unit 310 further includes the discharge temperature 

sensor 17 and a high-pressure-side pressure sensor 18. 

[0089] 

 The high-pressure-side pressure sensor 18 detects a pressure, which is a high-

pressure-side pressure, of the refrigerant discharged from the compressor 11 and sends 30 
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information on the detected high-pressure-side pressure to a controller 330.  In this 

exemplary configuration, the high-pressure-side pressure sensor 18 is disposed 

between a discharge side of the compressor 11 and the water heat exchanger 12.  The 

configuration is not limited to this example.  The high-pressure-side pressure sensor 18 

may be disposed at any position between the discharge side of the compressor 11 and 5 

the inlet of the pressure reducing device 13. 

[0090] 

 The hot water supply apparatus 300 further includes the controller 330.  In the 

exemplary configuration, the controller 330 is disposed in the heat pump unit 310.  The 

configuration is not limited to this example.  The controller 330 may be disposed in the 10 

tank unit 20 or may be disposed separately.  The controller 230 controls the operating 

frequency of the compressor 11 on the basis of information on a refrigerant discharge 

temperature sent from the discharge temperature sensor 17 and the information on the 

high-pressure-side pressure sent from the high-pressure-side pressure sensor 18.  The 

controller 330 is configured such that various functions are implemented by software 15 

running on an arithmetic device, such as a microcomputer.  Alternatively, the controller 

330 is configured by hardware, such as circuit devices that implement various functions. 

[0091] 

(Configuration of Controller 330) 

 Fig. 10 is a block diagram of an exemplary configuration of the controller 330 in 20 

Fig. 9.  As illustrated in Fig. 10, the controller 330 includes the operation state 

determination unit 31, a refrigerant state determination unit 331, the suction state 

estimation unit 232, the circulation rate calculation unit 233, the refrigerant flow speed 

calculation unit 234, the operating frequency determination unit 235, the compressor 

control unit 32, and the storage unit 236. 25 

[0092] 

 The refrigerant state determination unit 331 determines a state of the refrigerant 

discharged from the compressor 11 on the basis of the high-pressure-side pressure 

detected by the high-pressure-side pressure sensor 18 and the discharge temperature 

detected by the discharge temperature sensor 17. 30 
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[0093] 

[Process of Reducing Passing Sound] 

 A process of reducing passing sound in the hot water supply apparatus 300 

according to Embodiment 4 will now be described.  The passing sound reducing 

process in Embodiment 4 is the same as that in Embodiment 3, except that a high-5 

pressure-side pressure is detected by the high-pressure-side pressure sensor 18 

instead of being estimated as in Embodiment 3.  A duplicated explanation of the 

process will be omitted. 

[0094] 

 In the case where the operation state of the heat pump unit 10 is the defrosting 10 

operation, the refrigerant state determination unit 331 determines a state of the 

refrigerant discharged from the compressor 11 on the basis of a high-pressure-side 

pressure detected by the high-pressure-side pressure sensor 18 and a refrigerant 

discharge temperature detected by the discharge temperature sensor 17.  The suction 

state estimation unit 232 estimates a suction state of the refrigerant to be sucked into 15 

the compressor 11 on the basis of the refrigerant state determined by the refrigerant 

state determination unit 331 and the compressor efficiency stored in the storage unit 

236. 

[0095] 

 The circulation rate calculation unit 233 calculates the refrigerant circulation rate 20 

Gr from the refrigerant suction state s estimated by the suction state estimation unit 

232 and the operating frequency fz of the compressor 11 by using Equation (5).  The 

refrigerant flow speed calculation unit 234 calculates the refrigerant flow speed Vlev from 

the refrigerant circulation rate Gr, calculated by the circulation rate calculation unit 233, 

by using Equation (6). 25 

[0096] 

 The operating frequency determination unit 235 calculates the refrigerant 

circulation rate Gr so that a reduction in sound of the refrigerant passing through the 

pressure reducing device 13 is achieved at the refrigerant flow speed Vlev calculated by 

the refrigerant flow speed calculation unit 234.  Then, the operating frequency 30 
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determination unit 235 calculates the operating frequency fz of the compressor 11 from 

the calculated refrigerant circulation rate Gr by using Equation (5).  The operating 

frequency fz calculated at this time is a frequency at which a reduction in refrigerant 

passing sound is achieved. 

[0097] 5 

 As described above, in the hot water supply apparatus 300 according to 

Embodiment 4, the suction state is determined based on the high-pressure-side 

pressure detected by the high-pressure-side pressure sensor 18 and the discharge 

temperature detected by the discharge temperature sensor 17.  Consequently, the 

suction state at the compressor 11 is determined more accurately, so that the operating 10 

frequency for reducing the refrigerant passing sound is determined more finely.  This 

prevents an excessive reduction in operating frequency, thus reducing the defrosting 

time. 

[0098] 

Embodiment 5. 15 

 Embodiment 5 of the present disclosure will be described below.  Embodiment 5 

will be described using a concrete example in which the opening degree of the pressure 

reducing device 13 is controlled upon start of the defrosting operation to reduce the 

refrigerant passing sound at the inlet of the pressure reducing device 13. 

[0099] 20 

 As described in Embodiment 1, reducing the opening degree of the pressure 

reducing device 13 increases the refrigerant density at the inlet of the pressure reducing 

device 13 upon start of the defrosting operation, thus reducing the refrigerant flow 

speed at the inlet of the pressure reducing device 13.  A reduction in refrigerant flow 

speed at the inlet of the pressure reducing device 13 results in a reduction in sound of 25 

the refrigerant passing through the pressure reducing device 13. 

[0100] 

 According to Embodiment 5, the opening degree of the pressure reducing device 

13 is controlled so that the refrigerant density at the inlet of the pressure reducing 
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device 13 is greater than or equal to a predetermined value, thereby reducing the sound 

of the refrigerant passing through the pressure reducing device 13. 

[0101] 

[Configuration of Hot Water Supply Apparatus 400] 

 Fig. 11 is a schematic diagram of an exemplary configuration of a hot water 5 

supply apparatus 400 according to Embodiment 5.  In the following description, 

components common to Embodiments 1 to 4 are designated by the same reference 

signs, and a detailed description of these components is omitted. 

[0102] 

 As illustrated in Fig. 11, the hot water supply apparatus 400 includes a heat pump 10 

unit 410 and the tank unit 20.  The heat pump unit 410 includes the compressor 11, the 

water heat exchanger 12, the pressure reducing device 13, the air heat exchanger 14, 

and the fan 15.  The heat pump unit 410 further includes the discharge temperature 

sensor 17 and the high-pressure-side pressure sensor 18. 

[0103] 15 

 The hot water supply apparatus 400 further includes a controller 430.  In this 

exemplary configuration, the controller 430 is disposed in the heat pump unit 410.  The 

configuration is not limited to this example.  The controller 430 may be disposed in the 

tank unit 20 or may be disposed separately.  The controller 430 controls the opening 

degree of the pressure reducing device 13 on the basis of information on a refrigerant 20 

discharge temperature sent from the discharge temperature sensor 17 and information 

on a high-pressure-side pressure sent from the high-pressure-side pressure sensor 18.  

The controller 430 is configured such that various functions are implemented by 

software running on an arithmetic device, such as a microcomputer.  Alternatively, the 

controller 430 is configured by hardware, such as circuit devices that implement various 25 

functions. 

[0104] 

(Configuration of Controller 430) 

 Fig. 12 is a block diagram of an exemplary configuration of the controller 430 in 

Fig. 11.  As illustrated in Fig. 12, the controller 430 includes the operation state 30 
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determination unit 31, a refrigerant density estimation unit 431, a refrigerant density 

determination unit 432, the pressure reducing device control unit 33, and a storage unit 

433. 

[0105] 

 The refrigerant density estimation unit 431 estimates a refrigerant density at the 5 

inlet of the pressure reducing device 13 on the basis of a discharge temperature, 

detected by the discharge temperature sensor 17, of the refrigerant discharged from the 

compressor 11 and a high-pressure-side pressure detected by the high-pressure-side 

pressure sensor 18.  Although the high-pressure-side pressure is obtained by using the 

high-pressure-side pressure sensor 18 in this example, the high-pressure-side pressure 10 

may be obtained in any other manner.  The high-pressure-side pressure may be 

estimated based on the operating frequency of the compressor 11 and the compressor 

efficiency as in Embodiment 3. 

[0106] 

 The refrigerant density determination unit 432 compares the refrigerant density 15 

estimated by the refrigerant density estimation unit 431 with a refrigerant density 

threshold previously stored in the storage unit 433.  If the refrigerant density is less 

than the threshold, the refrigerant density determination unit 432 determines an 

increase in refrigerant passing sound at the inlet of the pressure reducing device 13.  If 

the refrigerant density is greater than or equal to the threshold, the refrigerant density 20 

determination unit 432 determines a reduction in refrigerant passing sound. 

[0107] 

 The pressure reducing device control unit 33 controls the opening degree of the 

pressure reducing device 13 on the basis of a determination result of the refrigerant 

density determination unit 432.  Specifically, if the refrigerant density determination unit 25 

432 determines an increase in refrigerant passing sound, the pressure reducing device 

control unit 33 outputs a control signal for reducing the opening degree of the pressure 

reducing device 13.  If a reduction in refrigerant passing sound is determined, the 

pressure reducing device control unit 33 outputs a control signal for increasing the 

opening degree of the pressure reducing device 13. 30 
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[0108] 

 The storage unit 433 previously stores various pieces of information to be used in 

the components of the controller 430.  In particular, in Embodiment 5, the storage unit 

433 previously stores the refrigerant density threshold, which is used in the refrigerant 

density determination unit 432. 5 

[0109] 

[Process of Reducing Passing Sound] 

 A process of reducing the passing sound in the hot water supply apparatus 400 

according to Embodiment 5 will now be described.  Fig. 13 is a flowchart illustrating an 

example of the passing sound reducing process in Embodiment 5. 10 

[0110] 

 In step S11, the operation state determination unit 31 determines whether the 

operation state of the heat pump unit 10 is the defrosting operation.  If it is determined 

that the operation state is the defrosting operation (Yes in step S11), the refrigerant 

density estimation unit 431 estimates a refrigerant density at the inlet of the pressure 15 

reducing device 13 in step S12.  The refrigerant density is estimated based on a 

discharge temperature at the compressor 11 detected by the discharge temperature 

sensor 17 and a high-pressure-side pressure detected by the high-pressure-side 

pressure sensor 18. 

[0111] 20 

 In step S13, the refrigerant density determination unit 432 reads the refrigerant 

density threshold from the storage unit 433 and compares the refrigerant density 

estimated in step S2 with the threshold read from the storage unit 433.  As a result of 

comparison, if the refrigerant density is less than the threshold (Yes in step S13), the 

refrigerant density determination unit 432 determines an increase in refrigerant passing 25 

sound at the inlet of the pressure reducing device 13.  In step S14, the pressure 

reducing device control unit 33 outputs a control signal for reducing the opening degree 

of the pressure reducing device 13.  Consequently, the opening degree of the pressure 

reducing device 13 is reduced. 

[0112] 30 
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 If the refrigerant density is greater than or equal to the threshold (No in step S13), 

the refrigerant density determination unit 432 determines a reduction in refrigerant 

passing sound at the inlet of the pressure reducing device 13.  In step S15, the 

pressure reducing device control unit 33 outputs a control signal for increasing the 

opening degree of the pressure reducing device 13.  Consequently, the opening 5 

degree of the pressure reducing device 13 is increased. 

[0113] 

 When processing in step S14 or step S15 is finished, the process returns to step 

S11.  The process including steps S11 to S15 is repeated at set intervals.  If it is 

determined in step S11 that the operation state of the heat pump unit 10 is not the 10 

defrosting operation (No in step S11), the process including such a series of steps is 

terminated. 

[0114] 

 As described above, in Embodiment 5, in the case where an increase in 

refrigerant passing sound at the inlet of the pressure reducing device 13 is determined 15 

based on a reduction in refrigerant density at the inlet of the pressure reducing device 

13, the opening degree of the pressure reducing device 13 is reduced.  This results in 

an increase in refrigerant density, causing a reduction in refrigerant flow speed.  Thus, 

the refrigerant passing sound upon start of the defrosting operation can be reduced.  In 

the case where a reduction in refrigerant passing sound is determined based on an 20 

increase in refrigerant density, the opening degree of the pressure reducing device 13 is 

increased.  This results in an increase in flow speed of the refrigerant passing through 

the pressure reducing device 13.  This enables much heat to be sent to the air heat 

exchanger 14, thus reducing the defrosting time. 

[0115] 25 

 As described above, in the hot water supply apparatus 400 according to 

Embodiment 5, a refrigerant density at the inlet of the pressure reducing device 13 is 

estimated based on a refrigerant discharge temperature and a high-pressure-side 

pressure, and the estimated refrigerant density is compared with the set threshold.  In 

the case where the refrigerant density is less than the set threshold, the opening degree 30 
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of the pressure reducing device 13 is regulated to a smaller value.  This results in a 

reduction in flow speed of the refrigerant flowing into the pressure reducing device 13, 

thus suppressing an increase in sound of the refrigerant passing through the pressure 

reducing device 13. 

[0116] 5 

Embodiment 6. 

 Embodiment 6 of the present disclosure will be described below.  In 

Embodiments 1 to 5 described above, the supply of unheated water to the water heat 

exchanger 12 is stopped at start of the defrosting operation to reduce the amount of 

heat exchanged in the water heat exchanger 12, so that high temperature refrigerant 10 

flows into the air heat exchanger 14.  In this case, the amount of heat transferred in the 

water heat exchanger 12 can be significantly reduced as compared with that in a normal 

operation, such as a heating operation.  However, this heat transfer causes a slight 

reduction in temperature of the refrigerant. 

[0117] 15 

 In Embodiment 6, to suppress a reduction in temperature caused by heat transfer 

in the water heat exchanger 12 upon start of the defrosting operation, medium 

temperature water in the tank unit is caused to flow into the water heat exchanger 12. 

[0118] 

[Configuration of Hot Water Supply Apparatus 500] 20 

 Fig. 14 is a schematic diagram of an exemplary configuration of the hot water 

supply apparatus 500 according to Embodiment 6.  As illustrated in Fig. 14, the hot 

water supply apparatus 1 includes a heat pump unit 510 and a tank unit 520.  In the 

following description, components common to Embodiments 1 to 5 are designated by 

the same reference signs, and a detailed description of these components is omitted. 25 

[0119] 

(Tank Unit 520) 

 The tank unit 520 includes a hot water storage tank 521, the water pump 22, and 

a flow switching valve 23. 

[0120] 30 
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 The hot water storage tank 521 stores water supplied from the outside and 

heated water.  The hot water storage tank 521 has a water intake and an unheated 

water outlet 521a in its lower part.  The hot water storage tank 521 receives city water 

supplied from the outside through the water intake and stores the supplied city water as 

water that is not heated, or unheated water.  The unheated water stored in the lower 5 

part of the hot water storage tank 521 flows out of the tank through the unheated water 

outlet 521a and is supplied to the water heat exchanger 12. 

[0121] 

 The hot water storage tank 521 has a heated water inlet 521b in its upper part.  

The hot water storage tank 521 receives heated water, heated by the water heat 10 

exchanger 12, through the heated water inlet 521b and stores the supplied heated 

water.  The heated water stored in the upper part of the hot water storage tank 521 is 

discharged to the outside and is used as hot water for a shower, for example. 

[0122] 

 The hot water storage tank 521 further has a medium temperature water outlet 15 

521c in its middle part.  The hot water storage tank 521 stores, in its middle region, 

water having a medium temperature between the temperature of the unheated water 

and that of the heated water.  The medium temperature water stored in the middle 

region of the hot water storage tank 521 flows out of the tank through the medium 

temperature water outlet 521c and is supplied to the water heat exchanger 12 via the 20 

flow switching valve 23. 

[0123] 

 As described above, the hot water storage tank 521 stores high temperature 

water, which is the heated water, the medium temperature water, and low temperature 

water, which is the unheated water, such that the high temperature water, the medium 25 

temperature water, and the low temperature water are stored in the upper part, the 

middle part, and the lower part, respectively.  The medium temperature water is 

produced by mixing the unheated water with the heated water such that the high 

temperature water is supplied through the heated water inlet 521b into the upper part of 

the tank storing the unheated water in the lower part. 30 
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[0124] 

 The flow switching valve 23 is, for example, a three-way valve, and has a first 

inlet port 23a, a second inlet port 23b, and an outlet port 23c.  In the flow switching 

valve 23, the first inlet port 23a is connected to the unheated water outlet 521a of the 

hot water storage tank 521, the second inlet port 23b is connected to the medium 5 

temperature water outlet 521c, and the outlet port 23c is connected to an inlet side of 

the water heat exchanger 12. 

[0125] 

 The flow switching valve 23 switches between passages such that either one of 

the first inlet port 23a and the second inlet port 23b is in communication with the outlet 10 

port 23c.  Switching between the passages of the flow switching valve 23 is controlled 

by a controller 530. 

[0126] 

(Controller 530) 

 The hot water supply apparatus 500 further includes the controller 530.  The 15 

controller 530 controls, based on various pieces of information from components of the 

hot water supply apparatus 500, an overall operation of the heat pump unit 10 and that 

of the tank unit 520.  In particular, in Embodiment 6, the controller 530 controls, for 

example, switching between the passages of the flow switching valve 23. 

[0127] 20 

 The controller 530 is configured such that various functions are implemented by 

software running on an arithmetic device, such as a microcomputer.  Alternatively, the 

controller 530 is configured by hardware, such as circuit devices that implement various 

functions.  In this exemplary configuration, the controller 530 is disposed in the heat 

pump unit 10.  The configuration is not limited to this example.  The controller 530 25 

may be disposed in the tank unit 520 or may be disposed separately. 

[0128] 

 Fig. 15 is a block diagram of an exemplary configuration of the controller 530 in 

Fig. 14.  As illustrated in Fig. 15, the controller 530 includes the operation state 

determination unit 31 and a switching valve control unit 531. 30 
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[0129] 

 The switching valve control unit 531 outputs a control signal for switching 

between the passages of the flow switching valve 23 on the basis of a determination 

result of the operation state determination unit 31.  Specifically, in the case where the 

operation state of the heat pump unit 10 is the defrosting operation, the switching valve 5 

control unit 531 outputs a control signal for switching between the passages to the flow 

switching valve 23 so that the medium temperature water flowing into the valve through 

the second inlet port 23b flows out of the valve through the outlet port 23c. 

[0130] 

[Process of Reducing Passing Sound] 10 

 A process of reducing passing sound in the hot water supply apparatus 500 

according to Embodiment 6 will now be described.  When the operation state 

determination unit 31 determines that the defrosting operation has started, the switching 

valve control unit 531 outputs a control signal to the flow switching valve 23 so that the 

second inlet port 23b is in communication with the outlet port 23c in the flow switching 15 

valve 23. 

[0131] 

 Consequently, the medium temperature water in the middle region of the hot 

water storage tank 521 flows out of the tank through the medium temperature water 

outlet 521c and flows into the water heat exchanger 12 via the flow switching valve 23.  20 

In the water heat exchanger 12, the medium temperature water flowing through the 

water circuit exchanges heat with high temperature refrigerant flowing through the 

refrigerant circuit.  Therefore, the refrigerant flowing through the water heat exchanger 

12 transfers less heat than in the defrosting operation in which water does not flow 

through the water circuit. 25 

[0132] 

 Fig. 16 is a graph showing an example of a refrigeration cycle upon start of the 

defrosting operation.  In Fig. 16, broken lines are isotherms and solid lines are 

isopycnic lines.  In Fig. 16, a thick solid line represents a refrigerant state in 
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Embodiment 6, and a thick alternate long and short dashed line represents the 

refrigerant state in Embodiment 1. 

[0133] 

 As illustrated in Fig. 16, since the medium temperature water is caused to flow 

into the water heat exchanger 12 upon start of the defrosting operation in Embodiment 5 

6, the refrigerant in the water heat exchanger 12 transfers less heat than in Embodiment 

1.  Consequently, the quality of the refrigerant to be sucked into the compressor 11 is 

higher than that in Embodiment 1, leading to a reduction in refrigerant circulation rate.  

This results in a reduction in sound of the refrigerant passing through the pressure 

reducing device 13. 10 

[0134] 

 As described above, in the hot water supply apparatus 1 according to 

Embodiment 6, the medium temperature water stored in the hot water storage tank 521 

is caused to flow into the water heat exchanger 12 upon start of the defrosting 

operation.  This reduces heat transfer from the refrigerant in the water heat exchanger 15 

12, leading to a reduction in refrigerant circulation rate.  This results in a reduction in 

sound of the refrigerant passing through the pressure reducing device 13.  

Furthermore, a reduction in heat transfer in the water heat exchanger 12 results in a 

reduction in input power of the compressor 11 in the defrosting operation, thus reducing 

the power consumption of the entire hot water supply apparatus 500. 20 

[0135] 

 Although Embodiments 1 to 6 of the present disclosure have been described 

above, the present disclosure is not limited to Embodiments 1 to 6 of the present 

disclosure described above.  It will be appreciated that various modifications and 

applications are possible without departing from the spirit and scope of the present 25 

disclosure.  For example, in Embodiments 1 to 6, controlling either one of the operating 

frequency of the compressor 11 and the opening degree of the pressure reducing 

device 13 has been described as an example of control.  The control is not limited to 

this example.  For example, both the operating frequency of the compressor 11 and the 

opening degree of the pressure reducing device 13 may be controlled.  Consequently, 30 
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the sound of the refrigerant passing through the pressure reducing device 13 can be 

reduced more finely. 

Reference Signs List 

[0136] 

 1, 100, 200, 300, 400, 500  hot water supply apparatus  10, 110, 210, 310, 410  5 

heat pump unit  11  compressor  12  water heat exchanger  13  pressure reducing 

device  14  air heat exchanger  15  fan  16  current sensor  17  discharge 

temperature sensor  18  high-pressure-side pressure sensor  20, 520  tank unit  

21, 521  hot water storage tank  22  water pump  23  flow switching valve  23a  

first inlet port  23b  second inlet port  23c  outlet port  30, 130, 230, 330, 430, 530  10 

controller  31  operation state determination unit  32  compressor control unit  33  

pressure reducing device control unit  131  compressor input power calculation unit  

132  compressor input power determination unit  133, 236, 433  storage unit  231  

refrigerant state estimation unit  232  suction state estimation unit  233  circulation 

rate calculation unit  234  refrigerant flow speed calculation unit  235  operating 15 

frequency determination unit  331  refrigerant state determination unit  431  

refrigerant density estimation unit  432  refrigerant density determination unit  521a  

unheated water outlet  521b  heated water inlet  521c  medium temperature water 

outlet  531  switching valve control unit. 
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CLAIMS 

[Claim 1] 

 A hot water supply apparatus comprising: 

 a heat pump unit including a compressor, a water heat exchanger, a pressure 

reducing device, and an air heat exchanger, the heat pump unit being configured to heat 5 

water flowing through the water heat exchanger; 

 a compressor control unit configured to control an operating frequency of the 

compressor; and 

 a pressure reducing device control unit configured to control an opening degree 

of the pressure reducing device, 10 

 wherein, upon start of a defrosting operation in which the pressure reducing 

device is opened, supply of the water to the water heat exchanger is stopped, and 

refrigerant discharged from the compressor is caused to flow into the air heat 

exchanger, at least one of the operating frequency of the compressor and the opening 

degree of the pressure reducing device is controlled by the compressor control unit or 15 

the pressure reducing device control unit, thereby reducing flow speed of the refrigerant 

flowing into the pressure reducing device. 

[Claim 2] 

 The hot water supply apparatus of claim 1, further comprising: 

 a compressor input power determination unit configured to compare a 20 

compressor input power of the compressor with a set threshold, 

 wherein, in a case where the compressor input power exceeds the set threshold, 

the compressor control unit reduces the operating frequency of the compressor. 

[Claim 3] 

 The hot water supply apparatus of claim 2, further comprising: 25 

 a current sensor configured to detect a value of a current through the 

compressor; and 

 a compressor input power calculation unit configured to calculate the compressor 

input power from the value of the current through the compressor detected by the 

current sensor and a voltage applied to the compressor. 30 
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[Claim 4] 

 The hot water supply apparatus of claim 1, wherein the compressor control unit 

controls, based on a power consumption of the heat pump unit, the operating frequency 

of the compressor. 

[Claim 5] 5 

 The hot water supply apparatus of claim 1, further comprising: 

 a discharge temperature sensor configured to detect a discharge temperature of 

the refrigerant discharged from the compressor; 

 a suction state estimation unit configured to estimate, based on the discharge 

temperature detected by the discharge temperature sensor, a suction state of the 10 

refrigerant to be sucked into the compressor; 

 a circulation rate calculation unit configured to calculate a refrigerant circulation 

rate of the refrigerant from the estimated suction state; and 

 an operating frequency determination unit configured to determine, based on the 

calculated refrigerant circulation rate, the operating frequency of the compressor, 15 

 wherein the compressor control unit sets an operating frequency of the 

compressor to the operating frequency determined by the operating frequency 

determination unit upon start of the defrosting operation. 

[Claim 6] 

 The hot water supply apparatus of claim 5, further comprising: 20 

 a high-pressure-side pressure sensor configured to detect a high-pressure-side 

pressure, 

 wherein the suction state estimation unit estimates the suction state based on the 

high-pressure-side pressure detected by the high-pressure-side pressure sensor and 

the discharge temperature detected by the discharge temperature sensor. 25 

[Claim 7] 

 The hot water supply apparatus of claim 1, further comprising: 

 a refrigerant density estimation unit configured to estimate, based on a discharge 

temperature of the refrigerant discharged from the compressor and a high-pressure-side 

pressure, a refrigerant density at an inlet of the pressure reducing device; and 30 
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 a refrigerant density determination unit configured to compare the estimated 

refrigerant density with a set threshold, 

 wherein, in a case where the estimated refrigerant density is less than the set 

threshold, the pressure reducing device control unit reduces the opening degree of the 

pressure reducing device. 5 

[Claim 8] 

 The hot water supply apparatus of any one of claims 1 to 7, further comprising: 

 a tank unit including 

  a hot water storage tank having a heated water inlet through which heated 

water heated by the water heat exchanger flows into the tank, an unheated water outlet 10 

through which unheated water flows out of the tank, and a medium temperature water 

outlet through which medium temperature water having a medium temperature between 

a temperature of the heated water and that of the unheated water flows out of the tank, 

and 

  a flow switching valve having a first inlet port connected to the unheated 15 

water outlet, a second inlet port connected to the medium temperature water outlet, and 

an outlet port connected to an inlet side of the water heat exchanger, the flow switching 

valve being configured to switch between passages such that either one of the first inlet 

port and the second inlet port is in communication with the outlet port; and 

 a switching valve control unit configured to cause, upon start of the defrosting 20 

operation, the flow switching valve to switch between the passages such that the 

second inlet port is in communication with the outlet port. 

[Claim 9] 

 The hot water supply apparatus of claim 8, wherein 

 the heated water inlet is located in upper part of the hot water storage tank, 25 

 the unheated water outlet is located in lower part of the hot water storage tank, 

and 

 the medium temperature water outlet is located in middle part of the hot water 

storage tank. 

  30 
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[Claim 10] 

 The hot water supply apparatus of any one of claims 1 to 9, wherein the 

compressor, the water heat exchanger, the pressure reducing device, the air heat 

exchanger, and the compressor are connected in circuit by refrigerant pipes to form a 5 

refrigerant circuit. 




