
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

00
9 

76
7

A
1

TEPZZ¥ZZ9767A_T
(11) EP 3 009 767 A1

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

(43) Date of publication: 
20.04.2016 Bulletin 2016/16

(21) Application number: 13886812.0

(22) Date of filing: 13.06.2013

(51) Int Cl.:
F25B 6/04 (2006.01) F04B 39/06 (2006.01)

F04C 29/04 (2006.01) F28D 7/02 (2006.01)

(86) International application number: 
PCT/JP2013/066313

(87) International publication number: 
WO 2014/199479 (18.12.2014 Gazette 2014/51)

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

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:  
• TAKAYAMA, Keisuke

Tokyo 100-8310 (JP)

• MORISHITA, Kunihiro
Tokyo 100-8310 (JP)

• KOIDE, Toru
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwälte 
Theresienhöhe 11a
80339 München (DE)

(54) HEAT PUMP DEVICE

(57) The present invention has an object to improve
a COP of a heat pump device including a compressor
having a first discharge passage and a second discharge
passage, a mass flow rate of refrigerator oil discharged
together with refrigerant from the first discharge passage
being higher than a mass flow rate of the refrigerator oil
discharged together with the refrigerant from the second
discharge passage. The heat pump device according to
the present invention includes: the compressor in which
the mass flow rate of the refrigerator oil discharged from
the first discharge passage is higher than the mass flow
rate of the refrigerator oil discharged from the second
discharge passage; a first heat exchanger including a
first refrigerant heat transfer channel through which the
refrigerant and the refrigerator oil discharged from the
first discharge passage pass, and a first liquid heat trans-
fer channel through which a liquid passes; and a second
heat exchanger including a second refrigerant heat trans-
fer channel through which the refrigerant and the refrig-
erator oil discharged from the second discharge passage
pass, and a second liquid heat transfer channel through
which the liquid passes, a total sectional area of the first
refrigerant heat transfer channel being larger than a total
sectional area of the second refrigerant heat transfer
channel.
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Description

Technical Field

[0001] The present invention relates to a heat pump device.

Background Art

[0002] Patent Literature 1 discloses a hot-water supply cycle device including: a gas cooler having high temperature
side refrigerant piping, low temperature side refrigerant piping, and water piping; and a hot-water supply compressor
having a sealed container, a compressing element, an electric actuating element, an intake pipe, a discharge pipe, a
refrigerant reintroduction pipe, and a refrigerant redischarge pipe. In this device, the intake pipe guides low pressure
refrigerant directly to the compressing element, the discharge pipe discharges high pressure refrigerant compressed by
the compressing element directly to an outside of the sealed container without releasing the high pressure refrigerant
into the sealed container, the refrigerant reintroduction pipe guides the refrigerant resulting from the high pressure
refrigerant having passed through the high temperature side refrigerant piping and been subjected to heat exchange
into the sealed container, and the refrigerant redischarge pipe redischarges the refrigerant having passed through the
electric actuating element in the sealed container to the outside of the sealed container, and feeds the refrigerant to the
low temperature side refrigerant piping.

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Patent Laid-Open No. 2006-132427
Patent Literature 2: Japanese Patent Laid-Open No. 2004-108616
Patent Literature 3: Japanese Patent Laid-Open No. 2008-309361
Patent Literature 4: Japanese Patent Laid-Open No. 2009-168383

Summary of Invention

Technical Problem

[0004] In the conventional device described above, refrigerator oil is supplied into a compression chamber of the
compressing element in order to lubricate and seal a slide portion and reduce friction and gap leakage. Thus, a large
amount of refrigerator oil together with a compressed refrigerant gas is discharged from the discharge pipe of the
compressor out of the compressor, and is circulated to the high temperature side refrigerant piping. On the other hand,
the refrigerant discharged from the refrigerant redischarge pipe of the compressor contains a significantly smaller amount
of refrigerator oil than that discharged from the discharge pipe.
[0005] The refrigerator oil has a much higher viscosity than the refrigerant. Thus, in the conventional device described
above, the large amount of refrigerator oil together with the refrigerant is circulated to the high temperature side refrigerant
piping, thereby increasing pressure loss of the refrigerant. This increases discharge pressure of the compressor and
increases input power for the compressor, thereby reducing a coefficient of performance (COP).
[0006] The present invention is achieved to solve the above described problems, and has an object to improve a COP
of a heat pump device including a compressor having a first discharge passage and a second discharge passage, a
mass flow rate of refrigerator oil discharged together with a refrigerant from the first discharge passage being higher
than a mass flow rate of refrigerator oil discharged together with a refrigerant from the second discharge passage.

Solution to Problem

[0007] A heat pump device of the invention includes: a compressor including a first discharge passage for discharging
refrigerant and refrigerator oil, and a second discharge passage for discharging the refrigerant and the refrigerator oil,
a mass flow rate of the refrigerator oil discharged from the first discharge passage being higher than a mass flow rate
of the refrigerator oil discharged from the second discharge passage; a first heat exchanger including one or a plurality
of first refrigerant heat transfer channels through which the refrigerant and the refrigerator oil discharged from the first
discharge passage pass, and one or a plurality of first liquid heat transfer channels through which a liquid passes, heat
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exchange being performed between the first refrigerant heat transfer channel and the first liquid heat transfer channel;
and a second heat exchanger including one or a plurality of second refrigerant heat transfer channels through which the
refrigerant and the refrigerator oil discharged from the second discharge passage pass, and one or a plurality of second
liquid heat transfer channels through which the liquid passes, heat exchange being performed between the second
refrigerant heat transfer channel and the second liquid heat transfer channel. A total sectional area of the first refrigerant
heat transfer channel(s) is larger than a total sectional area of the second refrigerant heat transfer channel(s).

Advantageous Effects of Invention

[0008] The heat pump device according to the present invention can reliably reduce pressure loss of the refrigerant
in the first heat exchanger to which the refrigerant and the refrigerator oil are circulated, the refrigerant and the refrigerator
oil being discharged from the first discharge passage with a large discharge amount of refrigerator oil. This can reduce
input power for the compressor, and improve a COP.

Brief Description of Drawings

[0009]

[Figure 1] Figure 1 is a configuration diagram of a heat pump device according to Embodiment 1 of the present
invention.
[Figure 2] Figure 2 is a configuration diagram of a storage type hot-water supply system including the heat pump
device in Figure 1.
[Figure 3] Figure 3 is a perspective view of essential portions of a first gas cooler included in the heat pump device
in Embodiment 1 of the present invention.
[Figure 4] Figure 4 is a sectional view of essential portions of the first gas cooler included in the heat pump device
in Embodiment 1 of the present invention.
[Figure 5] Figure 5 is an enlarged sectional view of essential portions of the first gas cooler and a second gas cooler
included in the heat pump device in Embodiment 1 of the present invention.
[Figure 6] Figure 6 shows temperature changes of refrigerant and water in the first gas cooler and the second gas
cooler as a whole, and a split position between the first gas cooler and the second gas cooler.
[Figure 7] Figure 7 shows density change of the refrigerant in the first gas cooler and the second gas cooler as a whole.
[Figure 8] Figure 8 shows ratios of refrigerant pressure losses of the first gas cooler and the second gas cooler in
a case where the first gas cooler and the second gas cooler have the same shape other than their channel lengths.
[Figure 9] Figure 9 is a configuration diagram of a conventional heat pump device.
[Figure 10] Figure 10 shows a relationship between a ratio of a twist pitch p to an inner diameter SRi of a first twist
pipe and a heat transfer coefficient on water side.
[Figure 11] Figure 11 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first
twist pipe and a required length of the first twist pipe.
[Figure 12] Figure 12 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first
twist pipe and a required length of a first refrigerant heat transfer pipe.
[Figure 13] Figure 13 shows a relationship among a refrigerant pressure loss of the first gas cooler, the ratio of the
twist pitch p to the inner diameter SRi of the first twist pipe, and an inner diameter di1 of the first refrigerant heat
transfer pipe.
[Figure 14] Figure 14 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first
twist pipe in the first gas cooler and a length of the first twist pipe in each of cases in Figure 13.
[Figure 15] Figure 15 shows change in the refrigerant pressure loss of the first gas cooler when an inner diameter
ratio di1/di2 of the first refrigerant heat transfer pipe and a second refrigerant heat transfer pipe is changed at p/SRi
of 1.8 of the first twist pipe.
[Figure 16] Figure 16 shows change in heat transfer coefficient on water side in a case where the twist pitch p of
the first twist pipe is equal to a twist pitch p2 of the second twist pipe and inner diameters SRi of the first twist pipe
and the second twist pipe are equal.

Description of Embodiment

[0010] Now, with reference to the drawings, embodiment of the present invention will be described. Throughout the
drawings, common components are denoted by the same reference numerals and overlapping descriptions will be
omitted. In the description below, a channel length is sometimes simply referred to as "length" for simplicity.
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Embodiment 1

[0011] Figure 1 is a configuration diagram of a heat pump device according to Embodiment 1 of the present invention.
Figure 2 is a configuration diagram of a storage type hot-water supply system including the heat pump device in Figure
1. As shown in Figure 1, the heat pump device 1 according to Embodiment 1 includes a refrigerant circuit including a
compressor 3, a first gas cooler 4 as a first heat exchanger, a second gas cooler 5 as a second heat exchanger, an
expansion valve 6 as expansion means, and an evaporator 7, connected by refrigerant piping. The first gas cooler 4
includes a first refrigerant heat transfer channel and a first liquid heat transfer channel, and performs heat exchange
between the first refrigerant heat transfer channel and the first liquid heat transfer channel. The second gas cooler 5
includes a second refrigerant heat transfer channel and a second liquid heat transfer channel, and performs heat exchange
between the second refrigerant heat transfer channel and the second liquid heat transfer channel. The heat pump device
1 causes a liquid to be a heat medium or an object to be heated to flow through the first liquid heat transfer channel in
the first gas cooler 4 and the second liquid heat transfer channel in the second gas cooler 5, and heats the liquid. In the
heat pump device according to Embodiment 1, the liquid to be heated is water. The evaporator 7 in Embodiment 1 is
constituted by an air-refrigerant heat exchanger for performing heat exchange between air and refrigerant. The heat
pump device 1 according to Embodiment 1 further includes a fan 8 for blowing air to the evaporator 7, and a high and
low pressure heat exchanger 9 for performing heat exchange between high pressure refrigerant and low pressure
refrigerant. During heating operation for heating water, the heat pump device 1 actuates the compressor 3 to operate a
heat pump cycle (refrigeration cycle).
[0012] As shown in Figure 2, the heat pump device 1 according to Embodiment 1 may be combined with the tank unit
2 and used as a storage type hot-water supply system. In the tank unit 2, a hot water storage tank 2a for storing hot
water and water, and a water pump 2b are provided. The heat pump device 1 and the tank unit 2 are connected by a
pipe 11 and a pipe 12 through which water flows, and electric wires (not shown). One end of the pipe 11 is connected
to a water inlet 1a of the heat pump device 1. The other end of the pipe 11 is connected to a lower portion of the hot
water storage tank 2a in the tank unit 2. The water pump 2b is provided in a middle of the pipe 11 in the tank unit 2. One
end of the pipe 12 is connected to a water outlet 1b of the heat pump device 1. The other end of the pipe 12 is connected
to an upper portion of the hot water storage tank 2a in the tank unit 2. Instead of the shown configuration, the water
pump 2b may be placed in the heat pump device 1.
[0013] As shown in Figure 1, the compressor 3 in the heat pump device 1 includes a sealed container 31, a compressing
element 32 and an electric actuating element 33 provided in the sealed container 31, a first intake passage 34, a first
discharge passage 35, a second intake passage 36, and a second discharge passage 37. Low pressure refrigerant
sucked from the first intake passage 34 directly flows into the compressing element 32 without being released into an
internal space 38 of the sealed container 31. The compressing element 32 is driven by the electric actuating element
33, and compresses the low pressure refrigerant into high pressure refrigerant. The high pressure refrigerant compressed
by the compressing element 32 is discharged through the first discharge passage 35 directly out of the sealed container
31 without being released into the internal space 38 of the sealed container 31. The high pressure refrigerant discharged
from the first discharge passage 35 flows through a pipe 10 into the first gas cooler 4. The high pressure refrigerant
having passed through the first gas cooler 4 flows through a pipe 17 to the second intake passage 36 of the compressor
3. The high pressure refrigerant sucked from the second intake passage 36 into the compressor 3 is released into the
internal space 38 of the sealed container 31. In Embodiment 1, the compressing element 32 is placed below the electric
actuating element 33. An outlet of the second intake passage 36 opens into the internal space 38 of the sealed container
31 at a height between the electric actuating element 33 and the compressing element 32. An inlet of the second
discharge passage 37 opens into the internal space 38 of the sealed container 31 at a height above the electric actuating
element 33. The high pressure refrigerant released from the outlet of the second intake passage 36 into the internal
space 38 of the sealed container 31 passes through a gap or the like between a rotor 331 and a stator 332 of the electric
actuating element 33 to a top of the electric actuating element 33, and is discharged through the second discharge
passage 37 out of the sealed container 31. The high pressure refrigerant discharged from the second discharge passage
37 flows through a pipe 18 into the second gas cooler 5. The high pressure refrigerant having passed through the second
gas cooler 5 passes through a pipe 19 to the expansion valve 6. The high pressure refrigerant passes through the
expansion valve 6 to turn into low pressure refrigerant. The low pressure refrigerant flows through a pipe 20 into the
evaporator 7. The low pressure refrigerant having passed through the evaporator 7 flows through a pipe 21 to the first
intake passage 34 of the compressor 3, and is sucked into the compressor 3. The high and low pressure heat exchanger
9 performs heat exchange between the high pressure refrigerant passing through the pipe 19 and the low pressure
refrigerant passing through the pipe 21. The high pressure refrigerant discharged from the first discharge passage 35
is reduced in pressure due to pressure loss while returning through the first gas cooler 4 to the second intake passage
36. Thus, pressure PH2 of the high pressure refrigerant in the internal space 38 of the sealed container 31 is lower than
pressure PH1 of the high pressure refrigerant discharged from the first discharge passage 35. Specifically, the discharge
pressure PH1 of the first discharge passage 35 is higher than the discharge pressure PH2 of the second discharge
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passage 37.
[0014] The heat pump device 1 further includes a water channel 23 for guiding water having flowed in from the water
inlet 1a to a water inlet of the second gas cooler 5, and a water channel 26 for guiding water (hot water) having flowed
out of a water outlet of the first gas cooler 4 to the water outlet 1b. A water outlet of the second gas cooler 5 is connected
to a water inlet of the first gas cooler 4. During heating operation, water having flowed in from the water inlet 1a flows
through the water channel 23 into the second gas cooler 5, and is heated by heat from the refrigerant in the second gas
cooler 5. Hot water generated by heating in the second gas cooler 5 flows into the first gas cooler 4, and is further heated
by heat from the refrigerant in the first gas cooler 4. The hot water further increased in temperature by being further
heated in the first gas cooler 4 passes through the water channel 26 to the hot water outlet 1b, and is fed through the
pipe 12 to the tank unit 2.
[0015] The refrigerant may be refrigerant making it possible to supply high temperature hot-water such as, for example,
carbon dioxide, R410A, propane, or propylene, but not limited to them.
[0016] The high temperature and high pressure refrigerant gas discharged from the first discharge passage 35 of the
compressor 3 releases heat and is reduced in temperature while passing through the first gas cooler 4. In Embodiment
1, the refrigerant reduced in temperature while passing through the first gas cooler 4 is sucked from the second intake
passage 36 into the internal space 38 of the sealed container 31 to cool the electric actuating element 33. Thus, a
temperature of the electric actuating element 33 and a surface temperature of the sealed container 31 can be reduced.
This can increase motor efficiency of the electric actuating element 33, and reduce heat dissipation loss from a surface
of the sealed container 31. The refrigerant gas sucked into the internal space 38 of the sealed container 31 draws heat
from the electric actuating element 33 and is increased in temperature. The refrigerant gas is then discharged from the
second discharge passage 37 and flows into the second gas cooler 5, and releases heat and is reduced in temperature
while passing through the second gas cooler 5. The high pressure refrigerant reduced in temperature heats the low
pressure refrigerant while passing through the high and low pressure heat exchanger 9, and then passes through the
expansion valve 6. The refrigerant passes through the expansion valve 6, and is thus reduced in pressure into a low
pressure gas-liquid two-phase state. The refrigerant having passed through the expansion valve 6 absorbs heat from
outside air while passing through the evaporator 7, and is evaporated and gasified. The low pressure refrigerant coming
out of the evaporator 7 is heated by the high and low pressure heat exchanger 9, and then sucked from the first intake
passage 34 into the compressor 3.
[0017] If the high pressure refrigerant pressure is not less than critical pressure, the refrigerant in the first gas cooler
4 and the second gas cooler 5 is reduced in temperature and releases heat still in a supercritical state without gas-liquid
phase transition. If the high pressure refrigerant pressure is not more than the critical pressure, the refrigerant is liquefied
and releases heat. In Embodiment 1, carbon dioxide or the like is preferably used as the refrigerant to bring the high
pressure refrigerant pressure to the critical pressure or more. If the high pressure refrigerant pressure is not less than
the critical pressure, the liquefied refrigerant can be reliably prevented from flowing from the second intake passage 36
into the internal space 38 of the sealed container 31. This can reliably prevent the liquefied refrigerant from adhering to
the electric actuating element 33, and reduce rotational resistance of the electric actuating element 33. In addition, the
liquefied refrigerant does not flow from the second intake passage 36 into the internal space 38 of the sealed container
31, thereby preventing the refrigerator oil from being diluted by the refrigerant.
[0018] As shown in Figure 2, a water supply pipe 13 is further connected to a lower portion of the hot water storage
tank 2a of the tank unit 2. Water supplied from an external water source such as a water supply flows through the water
supply pipe 13 into the hot water storage tank 2a and is stored. The hot water storage tank 2a is always filled with water
flowing from the water supply pipe 13. A hot-water supplying mixing valve 2c is further provided in the tank unit 2. The
hot-water supplying mixing valve 2c is connected via a hot water delivery pipe 14 to the upper portion of the hot water
storage tank 2a. A water supply branch pipe 15 branching off from the water supply pipe 13 is connected to the hot-
water supplying mixing valve 2c. One end of the hot-water supply pipe 16 is further connected to the hot-water supplying
mixing valve 2c. The other end of the hot-water supply pipe 16 is connected to a hot-water supply terminal such as a
tap, a shower, or a bathtub (not shown).
[0019] During heating operation for heating water stored in the hot water storage tank 2a, the water stored in the hot
water storage tank 2a is fed by the water pump 2b through the pipe 11 to the heat pump device 1, and heated in the
heat pump device 1 to be high temperature hot water. The high temperature hot water generated in the heat pump
device 1 returns through the pipe 12 to the tank unit 2, and flows into the hot water storage tank 2a from above. By such
heating operation, in the hot water storage tank 2a, hot water and water are stored so as to form temperature stratification
with a hot upper side and a cold lower side.
[0020] When hot water is supplied from the hot-water supply pipe 16 to the hot-water supply terminal, the high tem-
perature hot water in the hot water storage tank 2a is supplied through the hot water delivery pipe 14 to the hot-water
supplying mixing valve 2c, and low temperature water is supplied through the water supply branch pipe 15 to the hot-
water supplying mixing valve 2c. The high temperature hot water and the low temperature water are mixed by the hot-
water supplying mixing valve 2c, and then supplied through the hot-water supply pipe 16 to the hot-water supply terminal.



EP 3 009 767 A1

6

5

10

15

20

25

30

35

40

45

50

55

The hot-water supplying mixing valve 2c has a function of adjusting a mixture ratio between the high temperature hot
water and the low temperature water so as to reach a hot-water supply temperature set by a user.
[0021] The heat pump device 1 includes a control unit 50. The control unit 50 is electrically connected to actuators
and sensors (not shown) included in the heat pump device 1 and the tank unit 2, and user interface devices (not shown),
and functions as control means for controlling operation of the storage type hot-water supply system. In Figure 2, the
control unit 50 is provided in the heat pump device 1, but the control unit 50 may be provided other than in the heat
pump device 1. The control unit 50 may be provided in the tank unit 2. The control unit 50 may be provided in the heat
pump device 1 and the tank unit 2 in a divided manner so as to be able to mutually communicate.
[0022] During heating operation, the control unit 50 performs control so that a temperature of the hot water supplied
from the heat pump device 1 to the tank unit 2 (hereinafter referred to as "hot water delivery temperature") reaches a
target hot water delivery temperature. The target hot water delivery temperature is set to, for example, 65°C to 90°C. In
Embodiment 1, the control unit 50 adjusts a rotation speed of the water pump 2b to control the hot water delivery
temperature. The control unit 50 detects the hot water delivery temperature using a temperature sensor (not shown)
provided in the water channel 26. If the detected hot water delivery temperature is higher than the target hot water
delivery temperature, the rotation speed of the water pump 2b is corrected to be higher, and if the hot water delivery
temperature is lower than the target hot water delivery temperature, the rotation speed of the water pump 2b is corrected
to be lower. As such, the control unit 50 can perform control so that the hot water delivery temperature matches the
target hot water delivery temperature. The hot water delivery temperature may be controlled by controlling a temperature
of the refrigerant discharged from the first discharge passage 35 of the compressor 3, a rotation speed of the compressor
3, or the like.
[0023] An oil reservoir (not shown) that stores refrigerator oil is located in a lower portion of the internal space 38 of
the sealed container 31 of the compressor 3 in Figure 1. In order to lubricate and seal a slide portion to reduce friction
and gap leakage, the refrigerator oil is supplied from the oil reservoir into the compressing element 32. The refrigerator
oil supplied into the compressing element 32 together with the compressed high temperature and high pressure refrigerant
gas is discharged from the first discharge passage 35. Thus, a relatively large amount of refrigerator oil is discharged
from the first discharge passage 35. The refrigerant gas and the refrigerator oil discharged from the first discharge
passage 35 form a gas-liquid two-phase flow, which flows through the first gas cooler 4 to the second intake passage
36, and is released from the second intake passage 36 into the internal space 38 of the sealed container 31.
[0024] The refrigerator oil has a higher density than the refrigerant gas. Thus, the refrigerator oil having flowed from
the second intake passage 36 into the internal space 38 of the sealed container 31 falls by gravity, and is stored in the
oil reservoir in the lower portion of the internal space 38 of the sealed container 31. As such, the refrigerant is separated
from the refrigerator oil. However, a part of the refrigerator oil is atomized and mixed in the refrigerant gas. A part of the
refrigerator oil as a liquid film may be also raised and spattered by a flow of the refrigerant gas when the refrigerant and
the refrigerator oil are released from an outlet of the second intake passage 36 into the internal space 38 of the sealed
container 31. Thus, a small amount of refrigerator oil is mixed in the refrigerant gas passing through the gap between
the rotor 331 and the stator 332 of the electric actuating element 33 to a top of the electric actuating element 33. A part
of the mixed refrigerator oil is separated from the refrigerant gas by a centrifugal force caused by rotation of the rotor
331. The remaining refrigerator oil together with the refrigerant gas is discharged through the second discharge passage
37 out of the sealed container 31. From the above, a mass flow rate of the refrigerator oil discharged from the first
discharge passage 35 is higher than a mass flow rate of the refrigerator oil discharged from the second discharge
passage 37. On the other hand, a mass flow rate of the refrigerant discharged from the first discharge passage 35 is
equal to a mass flow rate of the refrigerant discharged from the second discharge passage 37.
[0025] A large amount of refrigerator oil together with the refrigerant gas is circulated to the first refrigerant heat transfer
channel in the first gas cooler 4. On the other hand, a smaller amount of refrigerator oil is circulated to the second
refrigerant heat transfer channel in the second gas cooler 5 as compared to the first gas cooler 4. The refrigerator oil
has a much higher viscosity than the refrigerant. Thus, the large amount of refrigerator oil being circulated to the first
gas cooler 4 easily increases refrigerant pressure loss. The increase in refrigerant pressure loss of the first gas cooler
4 increases discharge pressure of the compressor 3, and increases input power for the compressor 3, thereby reducing
a COP (coefficient of performance). In order to solve this problem, in Embodiment 1, a total sectional area of the first
refrigerant heat transfer channel(s) in the first gas cooler 4 through which the refrigerant and the refrigerator oil discharged
from the first discharge passage 35 pass is larger than a total sectional area of the second refrigerant heat transfer
channel(s) in the second gas cooler 5 through which the refrigerant and the refrigerator oil discharged from the second
discharge passage 37 pass.
[0026] A sectional area of the channel herein refers to an area of a range of a flowing fluid in a section perpendicular
to a flow direction of the fluid. If there are a plurality of first refrigerant heat transfer channels in the first gas cooler 4,
that is, if the refrigerant and the refrigerator oil having flowed into the first gas cooler 4 are split into the plurality of first
refrigerant heat transfer channels and flow in parallel, a total sectional area of the first refrigerant heat transfer channels
refers to a sum of sectional area of each of the first refrigerant heat transfer channels. Similarly, if there are a plurality
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of second refrigerant heat transfer channels in the second gas cooler 5, that is, if the refrigerant and the refrigerator oil
having flowed into the second gas cooler 5 are split into the plurality of second refrigerant heat transfer channels and
flow in parallel, a total sectional area of the second refrigerant heat transfer channels refer to a sum of sectional area of
each of the first refrigerant heat transfer channels.
[0027] As described below, in Embodiment 1, the total sectional area of the first refrigerant heat transfer channel(s)
in the first gas cooler 4 is larger than the total sectional area of the second refrigerant heat transfer channel(s) in the
second gas cooler 5, thereby reliably preventing an increase in refrigerant pressure loss of the first gas cooler 4. This
reduces discharge pressure of the compressor 3, reduces input power for the compressor 3, and improves a COP.
[0028] Figure 3 is a perspective view of essential portions of the first gas cooler 4 in Embodiment 1. Figure 4 is a
sectional view of essential portions of the first gas cooler 4 in Embodiment 1. As shown in Figures 3 and 4, the first gas
cooler 4 includes one first twist pipe 41 and three first refrigerant heat transfer pipes 42. Figure 4 shows a section in a
longitudinal direction of the first twist pipe 41. In Figure 3, the three first refrigerant heat transfer pipes 42 are denoted
by reference numerals 42a, 42b, 42c for convenience. In addition, in Figure 3, for easy distinction between the first
refrigerant heat transfer pipes 42a, 42b, 42c, the first refrigerant heat transfer pipes 42a, 42c are hatched for convenience.
Specifically, the hatching in Figure 3 does not refer to sections.
[0029] In the first gas cooler 4 in Embodiment 1, the refrigerant and the refrigerator oil flow in the first refrigerant heat
transfer pipe 42. Specifically, the first refrigerant heat transfer pipe 42 forms the first refrigerant heat transfer channel.
The first gas cooler 4 in Embodiment 1 includes the three first refrigerant heat transfer pipes 42a, 42b, 42c, that is, the
three first refrigerant heat transfer channels. The refrigerant and the refrigerator oil having flowed into the first gas cooler
4 are split into the three first refrigerant heat transfer pipes 42a, 42b, 42c, that is, the three first refrigerant heat transfer
channels, and flow in parallel. However, in the present invention, the number of the first refrigerant heat transfer channel(s)
in the first gas cooler 4, that is, the first heat exchanger is not limited to three, but may be one, two, four or more.
[0030] The first twist pipe 41 has a helical groove 411 in an outer periphery thereof. The number of the groove(s) 411
is equal to the number of the first refrigerant heat transfer pipe(s) 42. Specifically, in Embodiment 1, the first twist pipe
41 has three grooves 411 in parallel. In Figure 3, the three grooves 411 are denoted by reference numerals 411a, 411b,
411c. Each of the grooves 411a, 411b, 411c continuously forms a helix. The first refrigerant heat transfer pipes 42a,
42b, 42c are, respectively, fitted in the grooves 411a, 411b, 411c and wound helically along shapes of the grooves 411a,
411b, 411c. Such a configuration can increase a contact heat transfer area between the first twist pipe 41 and the first
refrigerant heat transfer pipe 42.
[0031] In the first gas cooler 4 in Embodiment 1, the first twist pipe 41 forms a first liquid heat transfer channel through
which water passes. In Embodiment 1, one first twist pipe 41, that is, one first liquid heat transfer channel is provided
in the first gas cooler 4. However, in the present invention, a plurality of first liquid heat transfer channels may be provided
in the first gas cooler 4, that is, the first heat exchanger so that a liquid such as water is split into the first liquid heat
transfer channels and flows in parallel.
[0032] Water flows through the first twist pipe 41 from right to left in Figures 3 and 4. The refrigerant and the refrigerator
oil flow helically through the first refrigerant heat transfer pipe 42 from left to right in Figures 3 and 4. Specifically, a flow
direction of water is opposite to a traveling direction of the refrigerant flowing helically to form counter flows.
[0033] An inner diameter SRi of the first twist pipe 41 is herein defined as a length of a portion in Figure 4. Specifically,
the inner diameter SRi of the first twist pipe 41 refers to an inner diameter of a portion with a smallest inner diameter in
the first twist pipe 41.
[0034] Figure 5 is an enlarged sectional view of essential portions of the first gas cooler 4 and the second gas cooler
5 in Embodiment 1. In Figure 5, (1) shows the first gas cooler 4. In Figure 5, (2) shows the second gas cooler 5. As
shown in Figure 5, the first twist pipe 41 and the first refrigerant heat transfer pipe 42 are joined with a heat transfer
material 60 such as solder. The second gas cooler 5 includes a second twist pipe 51 and a second refrigerant heat
transfer pipe 52. The second twist pipe 51 has a helical groove 511 in an outer periphery thereof. In the second gas
cooler 5 in Embodiment 1, the second refrigerant heat transfer pipe 52 forms a second refrigerant heat transfer channel,
and the second twist pipe 51 forms a second liquid heat transfer channel. Since the second gas cooler 5 has similar
structure as the first gas cooler 4, drawings corresponding to Figures 3 and 4 are omitted. The description above on the
first gas cooler 4 also applies to the second gas cooler 5. Figure 5 shows a section in a longitudinal direction of the first
twist pipe 41 or the second twist pipe 51.
[0035] As shown in Figure 5, in a case where the first refrigerant heat transfer pipe 42 or the second refrigerant heat
transfer pipe 52 originally having a circular tubular shape is wound helically around the first twist pipe 41 or the second
twist pipe 51, a sectional shape of the first refrigerant heat transfer pipe 42 or the second refrigerant heat transfer pipe
52 after being wound is not a circle, but is a flat or elliptical shape with a long side in an axial direction of the first twist
pipe 41 or the second twist pipe 51. An inner diameter di1 of the first refrigerant heat transfer pipe 42 or an inner diameter
di2 of the second refrigerant heat transfer pipe 52 herein refer to an inner diameter of a circular state before the refrigerant
heat transfer pipe is wound around the first twist pipe 41 or the second twist pipe 51.
[0036] Generally, in the first gas cooler 4 or the second gas cooler 5, an end of the first refrigerant heat transfer pipe
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42 or the second refrigerant heat transfer pipe 52 is not wound around the first twist pipe 41 or the second twist pipe 51.
Thus, in such a portion, the inner diameter di1 of the first refrigerant heat transfer pipe 42 or the inner diameter di2 of
the second refrigerant heat transfer pipe 52 before being wound around the first twist pipe 41 or the second twist pipe
51 may be measured.
[0037] Instead of the above definition, the first refrigerant heat transfer pipe 42 or the second refrigerant heat transfer
pipe 52 wound around the first twist pipe 41 or the second twist pipe 51 may be regarded to have an elliptical shape,
and an average value of a long diameter and a short diameter of the ellipse may be used as the inner diameter di1 of
the first refrigerant heat transfer pipe 42 or the inner diameter di2 of the second refrigerant heat transfer pipe 52.
[0038] As shown in Figure 5, in Embodiment 1, the inner diameter di1 of the first refrigerant heat transfer pipe 42 in
the first gas cooler 4 is desirably larger than the inner diameter di2 of the second refrigerant heat transfer pipe 52 in the
second gas cooler 5. In addition, a twist pitch p of the first twist pipe 41 in the first gas cooler 4 is desirably larger than
a twist pitch p2 of the second twist pipe 51 in the second gas cooler 5. The twist pitch p of the first twist pipe 41 in the
first gas cooler 4 and the twist pitch p2 of the second twist pipe 51 in the second gas cooler 5 are herein defined as
lengths of portions in Figure 5. Specifically, the twist pitch p of the first twist pipe 41 is a distance between centers of
two peaks with the groove 411 therebetween in a section in a longitudinal direction of the first twist pipe 41. Similarly,
the twist pitch p2 of the second twist pipe 51 is a distance between centers of two peaks with the groove 511 therebetween
in a section in a longitudinal direction of the second twist pipe 51.
[0039] In an example described below, a case of using carbon dioxide as the refrigerant will be described. In the
example described below, the number of the first refrigerant heat transfer channel(s) in the first gas cooler 4 is equal to
the number of the second refrigerant heat transfer channel(s) in the second gas cooler 5. Figure 6 shows temperature
changes of the refrigerant and water in the first gas cooler 4 and the second gas cooler 5 as a whole, and a split position
between the first gas cooler 4 and the second gas cooler 5. The axis of abscissa in Figure 6 represents a ratio to a total
length of the first twist pipe 41 and the second twist pipe 51 (that is, a sum of lengths of the first liquid heat transfer
channel and the second liquid heat transfer channel). An origin (0) on the axis of abscissa in Figure 6 represents a water
outlet and a refrigerant inlet of the first gas cooler 4, and a right end (1) on the axis of abscissa represents a water inlet
and a refrigerant outlet of the second gas cooler 5.
[0040] As described above, a large amount of refrigerator oil together with the refrigerant gas is circulated in the first
refrigerant heat transfer pipe 42 in the first gas cooler 4. In the first gas cooler 4, hot refrigerator oil is also subjected to
heat exchange with water. Specific heat of the refrigerator oil being lower than specific heat of the refrigerant gas may
cause a reduction in heating capability and a resulting reduction in hot-water supply efficiency. In a relationship between
the temperature and the specific heat of the refrigerant gas and the refrigerator oil, the specific heat of the refrigerant
gas significantly increases at a temperature of 20°C to 60°C, while the specific heat of the refrigerator oil is substantially
constant irrespective of the temperature. In order to prevent a reduction in heating capability due to the refrigerant gas
containing a large amount of refrigerator oil, the refrigerant gas needs to contain little refrigerator oil in a temperature
zone with a significant increase in specific heat of the refrigerant gas. As shown in Figure 6, a temperature of a pinch
point at which temperatures of the refrigerant gas and water are closest is about 50°C. Thus, an upper limit temperature
in a range with a rapid increase in specific heat of the refrigerant gas is about the temperature at the pinch point plus
10°C. Thus, if an outlet temperature (≈ a temperature of the second intake passage 36) of the first refrigerant heat
transfer pipe 42 in the first gas cooler 4 is 10°C or more higher than the temperature at the pinch point, a reduction in
heating capability can be prevented. If the outlet temperature of the first refrigerant heat transfer pipe 42 in the first gas
cooler 4 is at least higher than the temperature at the pinch point, a significant reduction in heating capability can be
prevented. From the above, the split position between the first gas cooler 4 and the second gas cooler 5 is desirably on
a high temperature side of the pinch point at which the temperatures of the refrigerant gas and water are closest. In
particular, in Embodiment 1, as shown in Figure 6, the length of the first twist pipe 41 in the first gas cooler 4 is desirably
about 10% on the high temperature side of the total length of the first twist pipe 41 and the second twist pipe 51.
[0041] Figure 7 shows density change of the refrigerant in the first gas cooler 4 and the second gas cooler 5 as a
whole. The axis of abscissa in Figure 7 refers to the same as the axis of abscissa in Figure 6. As shown in Figure 7, the
refrigerant at higher temperature has a lower density.
[0042] Pressure loss ΔP of the refrigerant in the refrigerant heat transfer pipe is expressed by the following expression
1. Here, the sectional shape of the refrigerant heat transfer pipe is a circle for simplicity of description. 

 where λ is a pipe friction coefficient, di [m] is an inner diameter of the refrigerant heat transfer pipe, p [kg/m3] is a
refrigerant density, u [m/s] is a refrigerant flow speed, and L [m] is a channel length.
[0043] When the mass flow rate of the refrigerant is Gr [kg/s] and the channel sectional area of the refrigerant heat
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transfer pipe is A [m2], the refrigerant flow speed u is expressed by the following expressions 2 and 3. 

[0044] Here, for simplicity of description, it is assumed that the shapes and the refrigerant flow rates of the first
refrigerant heat transfer pipe 42 and the second refrigerant heat transfer pipe 52 are constant, and the pipe friction
coefficient λ does not change. From the above expression, the refrigerant pressure loss ΔP per unit channel length is
proportional to 1/ρ.
[0045] In Embodiment 1, the refrigerant gas containing the large amount of refrigerator oil is circulated to the first gas
cooler 4, and the refrigerant gas containing only the small amount of refrigerator oil is circulated to the second gas cooler
5. If a viscosity of a CO2 gas refrigerant in the first gas cooler 4 is 1, an average viscosity ratio of the refrigerator oil is
311. As such, the refrigerator oil has a significantly higher viscosity than the CO2 gas refrigerant. This increases pressure
loss of the refrigerant gas containing the large amount of refrigerator oil.
[0046] The mass flow rate of the refrigerator oil is Goil [kg/s]. An oil circulation rate OC [%] of the first gas cooler 4 or
the second gas cooler 5 is expressed by the following expression 4. 

[0047] The oil circulation rate OC is a ratio of the mass flow rate of the refrigerator oil with respect to a sum of the
mass flow rate of the refrigerant and the mass flow rate of the refrigerator oil. In a rated operation state of the heat pump
device 1, the oil circulation rate OC of the first gas cooler 4 is preferably not less than 2%, and more preferably not less
than 5%. In addition, in the rated operation state of the heat pump device 1, the oil circulation rate OC of the first gas
cooler 4 is preferably not more than 20%, and more preferably not more than 10%. Setting the oil circulation rate OC of
the first gas cooler 4 to the above-described lower limit value or more allows heat from the hot refrigerator oil in the
compressor 3 to be effectively used for heating water in the first gas cooler 4, improving heating capability. Setting the
oil circulation rate OC of the first gas cooler 4 to the above-described upper limit value or less can reliably reduce the
refrigerant pressure loss of the first gas cooler 4, and also reliably prevent an excessive reduction in the amount of the
refrigerator oil in the compressor 3.
[0048] In the rated operation state of the heat pump device 1, the oil circulation rate OC of the second gas cooler 5 is
preferably not less than 0.01%, and more preferably not less than 0.1%. In the rated operation state of the heat pump
device 1, the oil circulation rate OC of the second gas cooler 5 is preferably not more than 1%, and more preferably not
more than 0.5%. Setting the oil circulation rate OC of the second gas cooler 5 to the above-described upper limit value
or less can reliably reduce the refrigerant pressure loss of the second gas cooler 5. If the oil circulation rate OC of the
second gas cooler 5 is low and close to the above-described lower limit value, the refrigerator oil has little influence, and
there is no need to further reduce the oil circulation rate OC of the second gas cooler 5 to be lower than the above-
described lower limit value. Depending on operation conditions of the heat pump device 1, the oil circulation rate OC of
the second gas cooler 5 may be lower than the above-described lower limit value.
[0049] If the oil circulation rate OC is about 5% to 10%, the refrigerant pressure loss is about 1.6 to 2.0 times larger
than that when the oil circulation rate OC is 0.5% or less under the same other conditions.
[0050] Figure 8 shows ratios of refrigerant pressure losses of the first gas cooler 4 and the second gas cooler 5 in a
case where the first gas cooler 4 and the second gas cooler 5 have the same shape other than their channel lengths.
Figure 9 is a configuration diagram of a conventional heat pump device. First, a conventional heat pump device 70 in
Figure 9 will be described. Components common with those of the heat pump device 1 according to Embodiment 1 are
denoted by the same reference numerals and overlapping descriptions will be omitted. The heat pump device 70 in
Figure 9 includes a compressor 71 having one intake passage and one discharge passage instead of the compressor
3 in the heat pump device 1 according to Embodiment 1. The heat pump device 70 includes a single gas cooler 72
instead of the first gas cooler 4 and the second gas cooler 5. In the heat pump device 70, low pressure refrigerant sucked
from the pipe 21 into the compressor 71 is compressed by the compressor 71 into high pressure refrigerant. The high
pressure refrigerant is discharged from the compressor 71 and passes through the pipe 10 and the gas cooler 72 to the
pipe 19.
[0051] The case of "0.5% OR LESS IN OVERALL GAS COOLER(S)" in Figure 8 refers to a case where, as in the
conventional heat pump device 70 in Figure 9, the gas cooler 72 is not split into the first gas cooler 4 and the second
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gas cooler 5, and the refrigerant from which the refrigerator oil is separated in the sealed container of the compressor
71 is caused to flow into the gas cooler 72. Specifically, this refers to a case of a conventional refrigeration cycle where
the refrigerant is not returned into the sealed container 31 of the compressor 3 between the first gas cooler 4 and the
second gas cooler 5. In this case, if the refrigerant pressure loss of the overall gas cooler 72 is 1, a ratio of the refrigerant
pressure loss of a portion corresponding to a channel length of 10% on a refrigerant high temperature side of a total
channel length of the gas cooler 72 is 0.17. The ratio of the refrigerant pressure loss of a remaining portion corresponding
to a channel length of 90% on a refrigerant low temperature side is 0.83. As shown in Figure 7, on the high temperature
side of the refrigerant gas, the refrigerant density is low, and thus the ratio of the refrigerant pressure loss of the portion
corresponding to the channel length of 10% of the total channel length is 17% of the total refrigerant pressure loss, and
higher than the ratio of the channel length.
[0052] The case of "OIL CIRCULATION RATE IS HIGH IN FIRST GAS COOLER AND 0.5% OR LESS IN SECOND
GAS COOLER" in Figure 8 refers to a case where the refrigerant pressure loss is twice larger than that when the oil
circulation rate is 0.5% or less because of the oil circulation rate of about 5% to 10% of the first gas cooler 4. Here, the
channel length of 10% on the refrigerant high temperature side of the total channel length of the first gas cooler 4 and
the second gas cooler 5 corresponds to the first gas cooler 4. In this case, if the refrigerant pressure loss of the overall
gas cooler 72 is 1, the ratio of the refrigerant pressure loss of the first gas cooler 4 is 0.17 x 2 = 0.34. Thus, the ratio of
the refrigerant pressure loss of the first gas cooler 4 and the second gas cooler 5 as a whole is 0.34 + 0.83 = 1.17. As
such, if the refrigerant pressure loss is twice larger on the refrigerant high temperature side with high refrigerant pressure
loss per unit channel length, the refrigerant pressure loss of the overall gas coolers is significantly influenced. Thus, the
refrigerant pressure loss of the overall gas coolers is 1.17 times as compared to a case with a low oil circulation rate as
a whole. The ratio of the refrigerant pressure loss of the first gas cooler 4 with respect to the overall gas coolers is 29%
and high.
[0053] Although the first gas cooler 4 has a higher oil circulation rate than the second gas cooler 5, mainly flowing
medium is the refrigerant. Thus, the heat exchanger constituting the first gas cooler 4 preferably has a configuration of
a general heat exchanger for a refrigerant rather than of an oil cooler type heat exchanger. For example, the first gas
cooler 4 preferably uses a twist pipe like the second gas cooler 5.
[0054] From the above, the high oil circulation rate of the first gas cooler 4 easily increases the refrigerant pressure
loss of the first gas cooler 4, and increases discharge pressure of the compressor 3. This easily increases input power
for the compressor 3 and reduces the COP. Thus, in Embodiment 1, the refrigerant pressure loss of the first gas cooler
4 is reduced as described below.
[0055] A relationship among the inner diameter di1 of the first refrigerant heat transfer pipe 42, the channel length L
of the first refrigerant heat transfer pipe 42, and the refrigerant pressure loss of the first gas cooler 4 will be described.
The refrigerant pressure loss ΔP in the first refrigerant heat transfer pipe 42 has the following proportional relationship
from the expressions 1 to 3 above, with a pipe friction coefficient, a refrigerant density, and a refrigerant flow rate being
constant. 

[0056] Thus, in order to reduce the refrigerant pressure loss of the first gas cooler 4, it is advantageous to reduce the
channel length L of the first refrigerant heat transfer pipe 42 and increase the inner diameter di1 of the first refrigerant
heat transfer pipe 42.
[0057] Next, an advantage of an increase in the twist pitch p of the first twist pipe 41 will be described. Figure 10 shows
a relationship between a ratio of the twist pitch p to the inner diameter SRi of the first twist pipe 41 and a heat transfer
coefficient on water side. Figure 10 shows change in heat transfer coefficient on water side with a constant inner diameter
SRi and an increased twist pitch p of the first twist pipe 41. In Figure 10, the heat transfer coefficient on water side is
represented by a ratio to the heat transfer coefficient on water side when p/SRi is 1. As shown in Figure 10, with increasing
p/SRi, that is, with increasing twist pitch p of the first twist pipe 41, the heat transfer coefficient on water side increases.
[0058] Figure 11 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first twist
pipe 41 and a required length of the first twist pipe 41. In Figure 11, a length of the first twist pipe 41 required, when the
twist pitch p is increased with a constant inner diameter SRi of the first twist pipe 41, for obtaining an equal amount of
heat exchange is represented by a ratio to a reference length. The first gas cooler 4 as a twist pipe type heat exchanger
is configured so that the first refrigerant heat transfer pipe 42 is wound along the helical groove 411 in the first twist pipe
41. Thus, increasing the twist pitch p of the first twist pipe 41 reduces the length of the first refrigerant heat transfer pipe
42 wound around the first twist pipe 41 per unit length, thereby reducing a contact area between the first refrigerant heat
transfer pipe 42 and the first twist pipe 41. Thus, with increasing twist pitch p of the first twist pipe 41, the length of the
first twist pipe 41 required for equalizing the amounts of heat exchange of the refrigerant and water is increased. However,
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as shown in Figure 10, with increasing twist pitch p, the heat transfer coefficient on water side increases, thereby
increasing heat exchange efficiency per unit length of the first twist pipe 41. These relationships determines the rela-
tionship in Figure 11.
[0059] Figure 12 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first twist
pipe 41 and a required length of the first refrigerant heat transfer pipe 42. In Figure 12, the length of the first refrigerant
heat transfer pipe 42 required, when the twist pitch p is increased with a constant inner diameter SRi of the first twist
pipe 41, for obtaining an equal amount of heat exchange is represented by a ratio to the length of the first refrigerant
heat transfer pipe 42 required at p/SRi of 1. As described with reference to Figure 11, with increasing twist pitch p of the
first twist pipe 41, a required length of the first twist pipe 41 is increased. However, with increasing twist pitch p of the
first twist pipe 41, the length of the first refrigerant heat transfer pipe 42 wound around the first twist pipe 41 per unit
length is reduced. Thus, as shown in Figure 12, with increasing twist pitch p of the first twist pipe 41, the required length
of the first refrigerant heat transfer pipe 42 is reduced. However, in a region at p/SRi of about 1.8 or more, the required
length of the first refrigerant heat transfer pipe 42 is less likely to be reduced.
[0060] Summarizing the above characteristics, if the twist pitch p of the first twist pipe 41 is increased, the length of
the first twist pipe 41 required for obtaining an equal amount of heat exchange is increased, while the ratio of the heat
transfer coefficient on water side is increased, thereby relatively gently increasing the required length of the first twist
pipe 41. As shown in Figure 12, with increasing twist pitch p of the first twist pipe 41, the length of the first refrigerant
heat transfer pipe 42 can be effectively reduced, which is advantageous for reducing the refrigerant pressure loss of the
first gas cooler 4.
[0061] Figure 13 shows a relationship among the refrigerant pressure loss of the first gas cooler 4, the ratio of the
twist pitch p to the inner diameter SRi of the first twist pipe 41, and the inner diameter di1 of the first refrigerant heat
transfer pipe 42. In Figure 13 and thereafter, a ratio di1/di2 of the inner diameter di1 of the first refrigerant heat transfer
pipe 42 in the first gas cooler 4 to the inner diameter di2 of the second refrigerant heat transfer pipe 52 in the second
gas cooler is referred to as "an inner diameter ratio". Figure 13 shows changes in refrigerant pressure loss of the first
gas cooler 4 when the twist pitch p of the first twist pipe 41 is changed for each of cases where the inner diameter ratio
di1/di2 is set to a plurality of values in Figure 13 with a constant amount of heat exchange in the first gas cooler 4. In
Figure 13, the refrigerant pressure loss of the first gas cooler 4 is represented by a ratio to the refrigerant pressure loss
of the first gas cooler 4 when values of the inner diameter ratio di1/di2 and p/SRi are both 1.
[0062] Figure 14 shows a relationship between the ratio of the twist pitch p to the inner diameter SRi of the first twist
pipe 41 in the first gas cooler 4 and the length of the first twist pipe 41 in each of the cases in Figure 13. In Figure 14,
the length of the first twist pipe 41 is represented by a ratio to the length of the first twist pipe 41 when the values of the
inner diameter ratio di1/di2 and p/SRi are both 1. In Figures 13 and 14, the ratio of the twist pitch p2 to the inner diameter
SRi of the second twist pipe 51 in the second gas cooler 5 is about 1. The inner diameter SRi of the first twist pipe 41
in the first gas cooler 4 is equal to the inner diameter SRi of the second twist pipe 51 in the second gas cooler 5.
[0063] As shown in Figure 13, in a case where the inner diameter ratio di1/di2 is equal, with increasing p/SRi, that is,
with increasing twist pitch p of the first twist pipe 41, the refrigerant pressure loss of the first gas cooler 4 is reduced. In
a case where the twist pitch p of the first twist pipe 41 is equal, with increasing inner diameter ratio di1/di2, that is, with
increasing inner diameter di1 of the first refrigerant heat transfer pipe 42, the refrigerant pressure loss of the first gas
cooler 4 is reduced.
[0064] As described above, with increasing inner diameter ratio di1/di2, that is, with increasing inner diameter di1 of
the first refrigerant heat transfer pipe 42, the refrigerant pressure loss of the first gas cooler 4 is more effectively reduced.
However, with increasing inner diameter di1 of the first refrigerant heat transfer pipe 42, the flow speed of the refrigerant
in the first refrigerant heat transfer pipe 42 is reduced, thereby reducing a heat transfer coefficient in the first refrigerant
heat transfer pipe 42. Thus, as shown in Figure 14, with increasing inner diameter ratio di1/di2, that is, with increasing
inner diameter di1 of the first refrigerant heat transfer pipe 42, the length of the first twist pipe 41 required for obtaining
an equal amount of heat exchange is increased. In addition, as shown in Figure 14, with increasing p/SRi, that is, with
increasing twist pitch p of the first twist pipe 41, the required length of the first twist pipe 41 is increased.
[0065] If the length of the first twist pipe 41 in the first gas cooler 4 is increased, a size of the overall gas coolers
including the first gas cooler 4 and the second gas cooler 5 may be increased to increase a size of a casing of the heat
pump device 1. In addition, if the length of the first twist pipe 41 in the first gas cooler 4 is increased, an amount of
material required for the first twist pipe 41 is increased to increase weight and cost. In addition, if the length of the first
twist pipe 41 forming the water channel is excessively increased, an amount of heat dissipation from the first gas cooler
4 out of the heat pump device 1 may be increased or the pressure loss on water side may be increased.
[0066] As described above, with increasing twist pitch p of the first twist pipe 41 in the first gas cooler 4, the refrigerant
pressure loss of the first gas cooler 4 is reduced, while the length of the first twist pipe 41 is increased. Thus, excessively
increasing the twist pitch p of the first twist pipe 41 may excessively increase the length of the first twist pipe 41, thereby
causing the negative effects as described above. In this view, p/SRi as the ratio of the twist pitch p to the inner diameter
SRi of the first twist pipe 41 is desirably not more than 1.8. As described above, in the region at p/SRi of more than 1.8,
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the required length of the first refrigerant heat transfer pipe 42 is less likely to be reduced by increasing the twist pitch
p of the first twist pipe 41. Thus, in the region at p/SRi of more than 1.8, further increasing the twist pitch p of the first
twist pipe 41 is less effective for further reducing the refrigerant pressure loss, and also easily causes the negative effects
of the increased length of the first twist pipe 41. On the other hand, p/SRi of 1.8 or less can reliably prevent the negative
effects of the increased length of the first twist pipe 41.
[0067] In addition, p/SRi of the first twist pipe 41 in the first gas cooler 4 is preferably not less than 1.1, more preferably
not less than 1.2, and further preferably not less than 1.4. Setting p/SRi to preferably 1.1 or more, more preferably 1.2
or more, and further preferably 1.4 or more can effectively reduce the length of the first refrigerant heat transfer pipe 42
(see Figure 12). This can more reliably reduce the refrigerant pressure loss of the first gas cooler 4. In short, p/SRi of
the first twist pipe 41 in the first gas cooler 4 is preferably not less than 1.1 and not more than 1.8, more preferably not
less than 1.2 and not more than 1.8, and further preferably not less than 1.4 and not more than 1.8. By setting p/SRi to
such a range, markedly advantageously, increasing the twist pitch p of the first twist pipe 41 can sufficiently increase
the effect of reducing the refrigerant pressure loss of the first gas cooler 4 and can reliably prevent the negative effects
due to the increased length of the first twist pipe 41.
[0068] Next, a preferable maximum value of the inner diameter ratio di1/di2 of the first refrigerant heat transfer pipe
42 and the second refrigerant heat transfer pipe 52 will be described. Figure 15 shows change in the refrigerant pressure
loss of the first gas cooler 4 when the inner diameter ratio di1/di2 of the first refrigerant heat transfer pipe 42 and the
second refrigerant heat transfer pipe 52 is changed at p/SRi of 1.8 of the first twist pipe 41. In Figure 15, the refrigerant
pressure loss of the first gas cooler 4 is represented by a ratio to a sum of the refrigerant pressure loss of the first gas
cooler 4 and the refrigerant pressure loss of the second gas cooler 5 (that is, the refrigerant pressure loss of the overall
gas coolers). As shown in Figure 15, with increasing inner diameter ratio di1/di2, that is, with increasing inner diameter
di1 of the first refrigerant heat transfer pipe 42, the refrigerant pressure loss of the first gas cooler 4 is reduced, and the
ratio of the refrigerant pressure loss of the first gas cooler 4 to the refrigerant pressure loss of the overall gas coolers is
reduced. However, as shown in Figure 14, with increasing inner diameter ratio di1/di2, that is, with increasing inner
diameter di1 of the first refrigerant heat transfer pipe 42, the length of the first twist pipe 41 is increased. Also, in the first
gas cooler 4 to which the large amount of refrigerator oil is circulated, too large an inner diameter di1 of the first refrigerant
heat transfer pipe 42 may reduce the refrigerant flow speed, thereby reducing flowage of the refrigerator oil. This may
significantly increase retention of refrigerator oil in the first gas cooler 4. For these reasons, it is desirable to set the inner
diameter ratio di1 of the first refrigerant heat transfer pipe 42 in the first gas cooler to a value that is not too large.
[0069] As shown in Figure 6, the channel length of the first gas cooler 4 is about 10% of the channel length of the
overall gas coolers. Thus, if the ratio of the refrigerant pressure loss of the first gas cooler 4 with respect to the refrigerant
pressure loss of the overall gas coolers can be reduced to about 10%, it can be said that the refrigerant pressure loss
of the first gas cooler 4 is sufficiently reduced. It can be also said that further reducing the refrigerant pressure loss of
the first gas cooler 4, that is, reducing the refrigerant pressure loss per unit channel length in the first gas cooler 4 to be
smaller than the refrigerant pressure loss per unit channel length in the second gas cooler 5 is an excess. As shown in
Figure 15, if the inner diameter ratio di1/di2 is about 1.4, the ratio of the refrigerant pressure loss of the first gas cooler
4 with respect to the refrigerant pressure loss of the overall gas coolers is about 10%. Thus, it can be said that setting
the value of the inner diameter ratio di1/di2 to 1.4 sufficiently reduces the refrigerant pressure loss of the first gas cooler
4 in the relationship with the ratio of the channel length. However, too large a value of the inner diameter ratio di1/di2,
that is, too large an inner diameter di1 of the first refrigerant heat transfer pipe 42 may cause the negative effects as
described above such as an excessive length of the first twist pipe 41 or an increase in the retention of refrigerator oil
in the first gas cooler 4. On the other hand, with the value of the inner diameter ratio di1/di2 of 1.4 or less, the inner
diameter di1 of the first refrigerant heat transfer pipe 42 is not too large, thereby reliably preventing the negative effects.
[0070] In addition, the value of the inner diameter ratio di1/di2 of the first refrigerant heat transfer pipe 42 and the
second refrigerant heat transfer pipe 52 is preferably not less than 1.1, and more preferably not less than 1.2. Setting
the value of the inner diameter ratio di1/di2 to preferably 1.1 or more, and more preferably 1.2 or more can more reliably
reduce the refrigerant pressure loss of the first gas cooler 4 (see Figure 13). In short, the value of the inner diameter
ratio di1/di2 is preferably not less than 1.1 and not more than 1.4, and more preferably not less than 1.2 and not more
than 1.4. By setting the value of the inner diameter ratio di1/di2 to such a range, markedly advantageously, the negative
effects described above due to the excessive increase in the inner diameter di1 of the first refrigerant heat transfer pipe
42 can be reliably prevented, and the refrigerant pressure loss of the first gas cooler 4 can be sufficiently reduced.
[0071] As described above, according to Embodiment 1, the refrigerant pressure loss of the first gas cooler 4 can be
reliably prevented to reduce input power for the compressor 3 and improve a COP.
[0072] As shown in Figure 7, the refrigerant density in the second gas cooler 5 is higher than the refrigerant density
in the first gas cooler 4. As described above, with increasing refrigerant density, the refrigerant pressure loss per unit
channel length is reduced. Thus, assuming other conditions are equal, the refrigerant pressure loss per unit length of
the second refrigerant heat transfer pipe 52 in the second gas cooler 5 is smaller than the refrigerant pressure loss per
unit length of the first refrigerant heat transfer pipe 42 in the first gas cooler 4. Thus, even if the inner diameter di2 of
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the second refrigerant heat transfer pipe 52 or the sectional area of each second refrigerant heat transfer channel in the
second gas cooler 5 is smaller than the inner diameter di1 of the first refrigerant heat transfer pipe 42 or the sectional
area of each first refrigerant heat transfer channel in the first gas cooler 4, the refrigerant pressure loss of the second
gas cooler 5 can be sufficiently reduced. In addition, the inner diameter di2 of the second refrigerant heat transfer pipe
52 or the sectional area of each second refrigerant heat transfer channel in the second gas cooler 5 being relatively
small increases the refrigerant flow speed in the second refrigerant heat transfer pipe 52, that is, in each second refrigerant
heat transfer channel, thereby increasing a heat transfer coefficient of the refrigerant. This can reduce the length of the
second twist pipe 51, that is, the second liquid heat transfer channel in the second gas cooler. From the above, the inner
diameter di1 of the first refrigerant heat transfer pipe 42 or the sectional area of each first refrigerant heat transfer channel
in the first gas cooler 4 is preferably larger than the inner diameter di2 of the second refrigerant heat transfer pipe 52 or
the sectional area of each second refrigerant heat transfer channel in the second gas cooler 5.
[0073] Figure 16 shows change in heat transfer coefficient on water side in a case where the twist pitch p of the first
twist pipe 41 is equal to the twist pitch p2 of the second twist pipe 51 and the inner diameters SRi of the first twist pipe
41 and the second twist pipe 51 are equal. The axis of abscissa in Figure 16 refers to the same as the axis of abscissa
in Figure 6. In Figure 16, the heat transfer coefficient on water side is represented by a ratio to the heat transfer coefficient
on water side at the water outlet of the first gas cooler 4. As shown in Figure 16, with increasing distance from the
refrigerant inlet and the water outlet of the first gas cooler 4, that is, with decreasing temperature of water, the heat
transfer coefficient on water side is reduced. Thus, if the twist pitch p of the first twist pipe 41 is equal to the twist pitch
p2 of the second twist pipe 51, and the inner diameters SRi of the first twist pipe 41 and the second twist pipe 51 are
equal, the heat transfer coefficient on water side in the second gas cooler 5 is lower than the heat transfer coefficient
on water side in the first gas cooler 4. In this view, in the second gas cooler 5, it is desirable to set a relatively small twist
pitch p2 of the second twist pipe 51 to increase a contact area between the second refrigerant heat transfer pipe 52 and
the second twist pipe 51. This can reduce the length of the second twist pipe 51 in the second gas cooler 5. In contrast,
as described above, the twist pitch p of the first twist pipe 41 in the first gas cooler 4 is desirably relatively large. From
the above, the twist pitch p of the first twist pipe 41 in the first gas cooler 4 is preferably larger than the twist pitch p2 of
the second twist pipe 51 in the second gas cooler 5.
[0074] In Embodiment 1, the inner diameter SRi of the first twist pipe 41 in the first gas cooler 4 is preferably equal to
the inner diameter SRi of the second twist pipe 51 in the second gas cooler 5. If the second gas cooler 5 is placed near
the first gas cooler 4, an upstream end of the first twist pipe 41 is connected to a downstream end of the second twist
pipe 51. In this case, the inner diameter SRi of the first twist pipe 41 being equal to the inner diameter SRi of the second
twist pipe 51 allows easy connection between the first twist pipe 41 and the second twist pipe 51. In addition, the inner
diameter SRi of the first twist pipe 41 being equal to the inner diameter SRi of the second twist pipe 51 allows material
and a manufacturing method used for the first twist pipe 41 and the second twist pipe 51 to be shared, thereby reducing
cost.
[0075] In Embodiment 1, the number of the first refrigerant heat transfer pipe(s) 42, that is, the number of the first
refrigerant heat transfer channel(s) in the first gas cooler 4 is preferably equal to the number of the second refrigerant
heat transfer pipe(s) 52, that is, the number of the second refrigerant heat transfer channel(s) in the second gas cooler
5. The number of the first refrigerant heat transfer pipe(s) 42 being equal to the number of the second refrigerant heat
transfer pipe(s) 52 allows the first twist pipe 41 and the second twist pipe 51 to be similarly designed, thereby reducing cost.
[0076] In Embodiment 1, the case where the first heat exchanger (first gas cooler 4) and the second heat exchanger
(second gas cooler 5) are the twist pipe type heat exchangers has been described as an example. However, in the
present invention, the first heat exchanger and the second heat exchanger are not limited to the twist pipe type heat
exchanger, but various types of heat exchangers may be used.
[0077] As described above, the value of the inner diameter ratio di1/di2 of the first refrigerant heat transfer pipe 42
and the second refrigerant heat transfer pipe 52 is preferably not less than 1.1 and not more than 1.4, and more preferably
not less than 1.2 and not more than 1.4. If the inner diameter ratio di1/di2 is 1.1, the ratio of the total sectional area of
the first refrigerant heat transfer channels in the first heat exchanger to the total sectional area of the second refrigerant
heat transfer channels in the second heat exchanger is (11.1)2 ≈ 1.2. If the inner diameter ratio di1/di2 is 1.2, the ratio
of the total sectional area of the first refrigerant heat transfer channels in the first heat exchanger to the total sectional
area of the second refrigerant heat transfer channels in the second heat exchanger is (1.2)2 ≈ 1.4. If the inner diameter
ratio di1/di2 is 1.4, the ratio of the total sectional area of the first refrigerant heat transfer channels in the first heat
exchanger to the total sectional area of the second refrigerant heat transfer channels in the second heat exchanger is
(1.4)2 ≈ 2. Thus, if a numerical range of the inner diameter ratio di1/di2 is replaced by a numerical range of the ratio of
the channel sectional area, it can be said that the ratio of the total sectional area of the first refrigerant heat transfer
channels to the total sectional area of the second refrigerant heat transfer channels is preferably not less than 1.2 and
not more than 2, and more preferably not less than 1.4 and not more than 2. The ratio of the channel sectional area
within such a range provides advantages similar to those described above.
[0078] In Embodiment 1 described above, the case where the number of the first refrigerant heat transfer channels



EP 3 009 767 A1

14

5

10

15

20

25

30

35

40

45

50

55

in the first heat exchanger (first gas cooler 4) is equal to the number of the second refrigerant heat transfer channels in
the second heat exchanger (second gas cooler 5) has been mainly described, however, in the present invention, the
number of the first refrigerant heat transfer channels may be larger than the number of the second refrigerant heat
transfer channel(s). If the number of the first refrigerant heat transfer channels is larger than the number of the second
refrigerant heat transfer channel(s), the total sectional area of the first refrigerant heat transfer channels can be larger
than the total sectional area of the second refrigerant heat transfer channels with a simple configuration. If the number
of the first refrigerant heat transfer channels is larger than the number of the second refrigerant heat transfer channel(s),
for example, the sectional area of the first refrigerant heat transfer channel may be equal to the sectional area of the
second refrigerant heat transfer channel. This allows the first refrigerant heat transfer pipe 42 in the first gas cooler 4
and the second refrigerant heat transfer pipe 52 in the second gas cooler 5 to be made of a common material, thereby
reducing cost.
[0079] In Embodiment 1, the heat pump device for heating water using the first heat exchanger and the second heat
exchanger has been described as an example, but in the present invention, the liquid heated by the first heat exchanger
and the second heat exchanger is not limited to water, but for example, may be brine, antifreeze liquid, or the like.

Reference Signs List

[0080]

1 heat pump device
1a water inlet
1b water outlet
2 tank unit
2a hot water storage tank
2b water pump
2c hot-water supplying mixing valve
3 compressor
4 first gas cooler
5 second gas cooler
6 expansion valve
7 evaporator
8 fan
9 high and low pressure heat exchanger
10, 11, 12, 17, 18, 19, 20, 21 pipe
13 water supply pipe
14 hot water delivery pipe
15 water supply branch pipe
16 hot-water supply pipe
23, 26 water channel
31 sealed container
32 compressing element
33 electric actuating element
34 first intake passage
35 first discharge passage
36 second intake passage
37 second discharge passage
38 internal space
41 first twist pipe
42, 42a, 42b, 42c first refrigerant heat transfer pipe
50 control unit
51 second twist pipe
52 second refrigerant heat transfer pipe
60 heat transfer material
70 heat pump device
71 compressor
72 gas cooler
331 rotor
332 stator
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411, 411a, 411b, 411c, 511 groove

Claims

1. A heat pump device comprising:

a compressor including a first discharge passage for discharging refrigerant and refrigerator oil, and a second
discharge passage for discharging the refrigerant and the refrigerator oil, a mass flow rate of the refrigerator oil
discharged from the first discharge passage being higher than a mass flow rate of the refrigerator oil discharged
from the second discharge passage;
a first heat exchanger including one or a plurality of first refrigerant heat transfer channels through which the
refrigerant and the refrigerator oil discharged from the first discharge passage pass, and one or a plurality of
first liquid heat transfer channels through which a liquid passes, heat exchange being performed between the
first refrigerant heat transfer channel and the first liquid heat transfer channel; and
a second heat exchanger including one or a plurality of second refrigerant heat transfer channels through which
the refrigerant and the refrigerator oil discharged from the second discharge passage pass, and one or a plurality
of second liquid heat transfer channels through which the liquid passes, heat exchange being performed between
the second refrigerant heat transfer channel and the second liquid heat transfer channel,
a total sectional area of the first refrigerant heat transfer channel(s) being larger than a total sectional area of
the second refrigerant heat transfer channel(s).

2.  The heat pump device according to claim 1, wherein the number of the first refrigerant heat transfer channel(s) is
equal to the number of the second refrigerant heat transfer channel(s), and
a sectional area of each of the first refrigerant heat transfer channel(s) is larger than a sectional area of each of the
second refrigerant heat transfer channel(s).

3. The heat pump device according to claim 1 or 2, wherein the first refrigerant heat transfer channel is formed of a
first refrigerant heat transfer pipe,
the second refrigerant heat transfer channel is formed of a second refrigerant heat transfer pipe,
the first liquid heat transfer channel is formed of a first twist pipe having a helical groove in an outer periphery,
the second liquid heat transfer channel is formed of a second twist pipe having a helical groove in an outer periphery,
the first refrigerant heat transfer pipe is located along the groove in the first twist pipe, and
the second refrigerant heat transfer pipe is located along the groove in the second twist pipe.

4. The heat pump device according to claim 3, wherein a ratio of an inner diameter of the first refrigerant heat transfer
pipe to an inner diameter of the second refrigerant heat transfer pipe is not less than 1.1 and not more than 1.4.

5.  The heat pump device according to claim 3 or 4, wherein a twist pitch of the first twist pipe is larger than a twist
pitch of the second twist pipe.

6. The heat pump device according to any one of claims 3 to 5, wherein when p is a twist pitch of the first twist pipe
and SRi is an inner diameter of the first twist pipe, p/SRi is not less than 1.1 and not more than 1.8.

7. The heat pump device according to any one of claims 3 to 6, wherein an inner diameter of the first twist pipe is equal
to an inner diameter of the second twist pipe.

8. The heat pump device according to any one of claims 3 to 7, wherein the number of the first refrigerant heat transfer
channel(s) is larger than the number of the second refrigerant heat transfer channel(s).

9. The heat pump device according to any one of claims 1 to 8, wherein a ratio of the total sectional area of the first
refrigerant heat transfer channel(s) to the total sectional area of the second refrigerant heat transfer channel(s) is
not less than 1.2 and not more than 2.

10. The heat pump device according to any one of claims 1 to 9, wherein a ratio of the mass flow rate of the refrigerator
oil with respect to a sum of the mass flow rate of the refrigerant and the mass flow rate of the refrigerator oil in the
first heat exchanger is not less than 2% and not more than 20%.
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11.  The heat pump device according to any one of claims 1 to 10, wherein a ratio of the mass flow rate of the refrigerator
oil with respect to a sum of the mass flow rate of the refrigerant and the mass flow rate of the refrigerator oil in the
second heat exchanger is not less than 0.01% and not more than 1%.

12. The heat pump device according to any one of claims 1 to 11, wherein the liquid is water, and the heat pump device
has a function of supplying hot water obtained by heating the water.
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