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(54) REFRIGERATION CYCLE DEVICE

(57) A refrigeration cycle apparatus includes a first
refrigerant circuit connecting a refrigerant discharging
part of a compressor 101, a condenser 102, a first ex-
pansion valve 103, a first evaporator 104, and a refrig-
erant suction portion 205 of an ejector 105; a second
refrigerant circuit branching off from connection piping
between an outlet side of the condenser 102 and the first
expansion valve 103 and connecting to a refrigerant in-
flow portion 204 of the ejector 105; and a third refrigerant
circuit connecting to a diffuser (a refrigerant outflow por-
tion) 203 of the ejector 105, a second evaporator 106,
and a refrigerant suction portion of the compressor 101.
Each of the first evaporator 104 and the second evapo-
rator 106 is a water heat exchanger to exchange heat
between refrigerant flowing in a refrigerant circuit includ-
ing the evaporator and a liquid heat medium different
from the refrigerant. The liquid heat medium is supplied
from outside, and flows out through the second evapo-
rator 106 and the first evaporator 104 in this order.
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Description

Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus including a refrigerant circuit.

Background Art

[0002] A conventional chilling unit is known that is com-
posed of a plurality of compressors that are connected
in parallel and a plurality of evaporators of a water heat
exchanger type. In the chilling unit, to the evaporators
are connected in series with each other via water pipes.
Coolant water is gradually cooled through heat exchange
with refrigerant in the evaporators, and thus, the evapo-
rating temperature of the refrigerant gradually decreases
from the inlet side. Consequently, an average evaporat-
ing temperature is higher than that in the case of cooling
with a refrigerating machine composed of one compres-
sor. This configuration contributes to improving the COP
of a refrigeration cycle and efficient operation of the re-
frigeration cycle (see, for example, Patent Literature 1).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2006-329601

Summary of Invention

Technical Problem

[0004] The conventional chilling unit described above
requires a plurality of compressors, and thus increased
cost is required. In addition, in the case of employing
inverters in order to control the operation capacity of the
compressors in accordance with a variation of a cooling
load, a plurality of control boards need to be mounted in
accordance with the number of the compressors, result-
ing in an increase in size and cost of the unit.
[0005] It is therefore an object of the present invention
to increase the efficiency of a refrigeration cycle with re-
duced increase in size and cost of a system. Solution to
Problem
[0006] A refrigeration cycle apparatus according the
present invention includes: a first refrigerant circuit con-
nected to a refrigerant discharging part of a compressor,
a condenser, a first expansion valve, a first evaporator,
and a refrigerant suction portion of an ejector; a second
refrigerant circuit branching off from connection piping
between an outlet side of the condenser and the first
expansion valve and connected to a refrigerant inflow
portion of the ejector; and a third refrigerant circuit con-
nected to a refrigerant outflow portion of the ejector, a
second evaporator, and a refrigerant suction portion of

the compressor, wherein the first evaporator is a water
heat exchanger that exchanges heat between refrigerant
flowing in a refrigerant circuit including the first evapora-
tor and a liquid heat medium different from the refrigerant,
the second evaporator is a water heat exchanger that
exchanges heat between refrigerant flowing in a refrig-
erant circuit including the second evaporator and a liquid
heat medium different from the refrigerant, and the liquid
heat medium is supplied from outside, flows in the second
evaporator and the first evaporator in this order, and then
flows out to the outside.

Advantageous Effects of Invention

[0007] In the refrigeration cycle apparatus of the
present invention, the evaporating temperature of the
second evaporator can be higher than the evaporating
temperature of the first evaporator by utilizing a pressure
rise effect of the ejector. In addition, since refrigerant
flows in the water heat exchanger in the order from the
second evaporator to the first evaporator, the tempera-
ture of the liquid heat medium can be gradually reduced.
In this manner, refrigerant at an evaporating temperature
higher than that of refrigerant in the first evaporator is
sucked into the compressor, and thus, the COP of the
refrigeration cycle increases, resulting in enhancement
of the operation efficiency. In addition, since only one
compressor is needed, the resulting refrigerant circuit is
more economic than a conventional system using two
compressors.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 illustrates a configuration of a refriger-
ation cycle apparatus according to Embodiment 1 of
the present invention.
[Fig. 2] Fig. 2 illustrates an ejector used in Embodi-
ment 1.
[Fig. 3] Fig. 3 illustrates a water heat exchanger used
in Embodiment 1.
[Fig. 4] Fig. 4 illustrates a condenser (an air heat
exchanger) used in Embodiment 1.
[Fig. 5] Fig. 5 is a mollier chart showing an operating
state of the refrigeration cycle apparatus illustrated
in Fig. 1.
[Fig. 6] Fig. 6 shows temperature distribution in flow
directions of a liquid heat medium (water) and refrig-
erant in a first evaporator and a second evaporator
illustrated in Fig. 1.
[Fig. 7] Fig. 7 shows capacity characteristics of a first
evaporator and a second evaporator according to
Embodiment 2 of the present invention.
[Fig. 8] Fig. 8 illustrates a first example of layout of
a first evaporator, a second evaporator, and an ejec-
tor in Embodiment 3 of the present invention.
[Fig. 9] Fig. 9 illustrates a second example of layout
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of the first evaporator, the second evaporator, and
the ejector in Embodiment 3.
[Fig. 10] Fig. 10 illustrates a third example of layout
of the first evaporator, the second evaporator, and
the ejector in Embodiment 3.
[Fig. 11] Fig. 11 illustrates a fourth example of layout
of the first evaporator, the second evaporator, and
the ejector in Embodiment 3.
[Fig. 12] Fig. 12 illustrates a configuration of a refrig-
eration cycle apparatus according to Embodiment 4
of the present invention.
[Fig. 13] Fig. 13 is a perspective view illustrating an
example of a high and low pressure heat exchanger
used in Embodiment 4.
[Fig. 14] Fig. 14 is a mollier chart showing an oper-
ating state of the refrigeration cycle apparatus illus-
trated in Fig. 12.
[Fig. 15] Fig. 15 shows comparison of operation be-
tween the case of using no high and low pressure
heat exchanger and the case of using a high and low
pressure heat exchanger in the refrigeration cycle
apparatus illustrated in Fig. 12.
[Fig. 16] Fig. 16 is a graph showing a relationship
between the length and the COP ratio in a heat ex-
change part of the high and low pressure heat ex-
changer.
[Fig. 17] Fig. 17 illustrates a configuration of a refrig-
eration cycle apparatus according to Embodiment 5
of the present invention.
[Fig. 18] Fig. 18 illustrates an example of a gas-liquid
separator used in Embodiment 5.
[Fig. 19] Fig. 19 is a mollier chart showing an oper-
ating state of the refrigeration cycle apparatus illus-
trated in Fig. 17.
[Fig. 20] Fig. 20 illustrates a configuration of a refrig-
eration cycle apparatus according to Embodiment 6
of the present invention.
[Fig. 21] Fig. 21 is a mollier chart showing an oper-
ating state of the refrigeration cycle apparatus illus-
trated in Fig. 20.
[Fig. 22] Fig. 22 illustrates an example of configura-
tions of the first evaporator and the second evapo-
rator in Embodiment 2.

Description of Embodiments

Embodiment 1

(Configuration)

[0009] A refrigeration cycle apparatus according to
Embodiment 1 of the present invention is described with
reference to Fig. 1. The refrigeration cycle apparatus il-
lustrated in Fig. 1 is configured as an outdoor unit 100
including a compressor 101, a condenser 102, a first ex-
pansion valve 103, first and second evaporators 104 and
106 that perform heat exchange between refrigerant and
a liquid heat medium different from the refrigerant, and

an ejector 105. The condenser 102 is an air heat ex-
changer that exchanges heat between refrigerant and
air. The first evaporator 104 and the second evaporator
106 exchange heat between refrigerant and a liquid heat
medium (liquid such as water or brine) and will be here-
inafter also referred to as water heat exchangers.
[0010] The compressor 101, the condenser 102, the
first expansion valve 103, the first evaporator 104, and
a refrigerant suction portion 205 of the ejector 105 are
connected together by refrigerant pipes and form a first
refrigerant circuit. A pipe branching off from the refriger-
ant pipe between the condenser 102 and the first expan-
sion valve 103 is connected to a refrigerant inflow portion
204 of the ejector 105 and constitutes a second refriger-
ant circuit. A refrigerant outflow portion 203 of the ejector
105, the second evaporator 106, and a refrigerant suction
portion of the compressor 101 are connected together
by refrigerant pipes and form a third refrigerant circuit.
These elements and pipes connecting the elements are
housed in a casing.
[0011] As illustrated in the drawing, the first evaporator
104 and the second evaporator 106 are configured such
that refrigerant and the liquid heat medium flow in oppo-
site directions so as to exchange heat. Inlet/outlet parts
of the first evaporator 104 and the second evaporator
106 for the liquid heat medium project from the casing in
order to establish connection to the outside (e.g., an in-
door unit 108).
[0012] The first evaporator 104 and the second evap-
orator 106 are connected to an indoor heat exchanger
109 of the indoor unit 108 on a heat load side, and form
a liquid heat medium circulation circuit together with a
water supply 107 for transferring the liquid heat medium.
The water supply 107 is disposed such that the liquid
heat medium flows from the second evaporator 106 to
the first evaporator 104.
[0013] Fig. 2 illustrates an example of the ejector 105.
Fig. 2 also shows an internal pressure distribution corre-
sponding to the configuration of the ejector 105. The ejec-
tor 105 includes a nozzle 201, a mixer 202, a diffuser (a
refrigerant outflow portion) 203, a refrigerant inflow por-
tion 204, and a refrigerant suction portion 205. The nozzle
201 includes a pressure reducing portion 201 a, a nozzle
throat 201 b, and a flared portion 201 c. In Fig. 2, "e" and
"f" denote points in a mollier chart that will be described
later.
[0014] The ejector 105 illustrated in Fig. 2 operates in
the following manner. Refrigerant that has flowed from
the refrigerant inflow portion 204 expands in the pressure
reducing portion 201 a under reduced pressure as the
channel area decreases. Thereafter, the speed of the
refrigerant increases under reduced pressure and reach-
es an acoustic speed in the nozzle throat 201 b. The
pressure of the refrigerant at the acoustic speed decreas-
es with a further increase in the speed in the flared portion
201 c. In this manner, ultrafast two-phase gas-liquid re-
frigerant flows out of the nozzle 201. On the other hand,
refrigerant sucked from the refrigerant suction portion
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205 of the ejector 105 is drawn into the ultrafast refriger-
ant (suction refrigerant) due to the pressure difference
between the refrigerant suction portion 205 and the outlet
of the nozzle 201. From the outlet of the nozzle 201, that
is, the inlet of the mixer 202, the ultrafast refrigerant and
the low-speed suction refrigerant start being mixed (a
refrigerant mixture). The pressure of the refrigerant mix-
ture restores (increases) through exchange of momenta
between the ultrafast refrigerant and the suction refrig-
erant. In the diffuser (the refrigerant outflow portion) 203,
the speed reduction due to the channel enlargement
causes a dynamic pressure to be converted into a static
pressure and the pressure increases. Consequently, the
refrigerant mixture flows out of the diffuser (the refrigerant
outflow portion) 203.
[0015] The first evaporator 104 and the second evap-
orator 106 may be plate heat exchangers as disclosed
in, for example, Japanese Unexamined Patent Applica-
tion Publication No. 2012-2425. As illustrated in Fig. 3,
in a plate heat exchanger, heat transmission plates 1042
and heat transmission plates 1043 are alternately
stacked. A reinforcing side plate 1041 is disposed as the
frontmost plate, and a reinforcing side plate 1044 is dis-
posed as the rearmost plate. The reinforcing side plate
1041 is a substantially rectangular plate and includes a
first inlet pipe 1045, a first outlet pipe 1046, a second
outlet pipe 1047, and a second inlet pipe 1048 at the four
corners, respectively.
[0016] In a manner similar to the reinforcing side plate
1041, each of the heat transmission plates 1042 and
1043 is also a substantially rectangular plate and in-
cludes a first inlet, a first outlet, a second inlet, and a
second outlet at the four corners, respectively. The heat
transmission plates 1042 and 1043 have wave shapes
that are substantially V shaped when viewed from the
direction in which the heat transmission plates 1042 and
1043 are stacked, and the heat transmission plates 1042
and 1043 are so stacked that the wave shapes of one of
the heat transmission heat transmission plates 1042 and
1043 are displaced from those of the other one. The sub-
stantially V shaped form of the wave shapes of the heat
transmission plates 1042 are inverted from those of the
wave shapes of the heat transmission plates 1043.
[0017] In a manner similar to the reinforcing side plate
1041, for example, the rearmost reinforcing side plate
1044 is a substantially rectangular plate. The rearmost
reinforcing side plate 1044, however, includes none of a
first inlet pipe, a first outlet pipe, a second inlet pipe, and
a second outlet pipe.
[0018] In the stack of the heat transmission plates 1042
and the heat transmission plates 1043, the inversely ori-
ented V-shaped wave shapes are overlaid on each other,
so that channels where a complicated flow occurs are
formed between the heat transmission plates 1042 and
the heat transmission plates 1043.
[0019] A first channel through which first fluid (e.g., wa-
ter) that has flowed from the first inlet pipe 1045 flows
out of the first outlet pipe 1046 is formed between the

rear surface of the heat transmission plates 1043 and
the front surface of the heat transmission plates 1042.
Similarly, a second channel through which second fluid
(e.g., refrigerant) that has flowed from the second inlet
pipe 1048 flows out of the second outlet pipe 1047 is
formed between the rear surfaces of the heat transmis-
sion plates 1042 and the front surfaces of the heat trans-
mission plates 1043.
[0020] The first fluid that has flowed from the outside
into the first inlet pipe 1045 flows through passages
formed by overlaying the first inlets of the heat transmis-
sion plates 1042 and 1043 on each other, and flows into
the first channels. The first fluid that has flowed into the
first channels gradually expands along the shorter axis
flows along the longer axis, and flows out of the first out-
lets. The first fluid that has flowed out from the first outlets
flows in passages formed by overlaying the first outlets
on each other, and flows out through the first outlet pipe
1046.
[0021] Similarly, the second fluid that has flowed from
the outside into the second inlet pipe 1048 flows through
passages formed by overlaying the second inlets of the
heat transmission plates 1042 and 1043 on each other,
and flows into the second channels. The second fluid that
has flowed into the second channels gradually expands
along the shorter axis flows along the longer axis, and
flows out of the second outlets. The second fluid that has
flowed out from the second outlets flows in passages
formed by overlaying the second outlets on each other,
and flows out through the second outlet pipe 1047.
[0022] The first fluid flowing in the first channels and
the second fluid flowing in the second channels exchange
heat through the heat transmission plates 1042 and 1043
when passing through the portions of wave shapes. In
the first channels and the second channels, the portions
of wave shapes will be referred to as heat exchange
channels.
[0023] As illustrated in, for example, Fig. 4, the con-
denser 102 includes a fan 1026 and an air heat exchang-
er 1027. The fan 1026 is a combination of a wing type
propeller and a motor that drives and rotates the propel-
ler. The motor and the propeller rotate at predetermined
numbers of revolution with electric power supplied from
the outside. The air heat exchanger 1027 is made of a
long refrigerant pipe which is bent into the shape of an
L-shaped flat plate and with which a large number of fins
made of aluminum thin plates are in close contact. Re-
frigerant in the refrigerant pipe and air around the fins
exchange heat. The airflow rate of air passing between
the fins is increased and adjusted by the fan 1026, and
the amount of heat exchange is increased and adjusted.

(Operation)

[0024] Fig. 5 is a mollier chart showing an operating
state of a refrigeration cycle apparatus of Embodiment
1. Alphabets with black circles in Fig. 5 refer to the loca-
tions of the black circles in Fig. 1. High-temperature high-

5 6 



EP 2 942 585 A1

5

5

10

15

20

25

30

35

40

45

50

55

pressure gas refrigerant in a state that has been delivered
by the compressor 101 is condensed through heat ex-
change with outdoor air in the condenser 102 and be-
comes high-temperature high-pressure liquid refrigerant
(in a state b). The refrigerant in the state b is divided into
a portion flowing toward the first expansion valve 103
and a portion flowing toward the ejector 105. The refrig-
erant flowing toward the first expansion valve 103 is sub-
jected to pressure reduction in the first expansion valve
103 and becomes a state c, then heated and vaporized
by a liquid heat medium at a relatively low temperature
cooled by the second evaporator 106 and becomes a
state d in the first evaporator 104, and then is sucked
into the refrigerant suction portion 205 of the ejector 105.
On the other hand, the refrigerant flowing from the con-
denser 102 into the refrigerant inflow portion 204 of the
ejector 105 is subjected to pressure reduction (state e)
in the nozzle 201 of the ejector 105, and merges with
refrigerant vaporized in the first evaporator 104 to be in
a state f. The refrigerant is then subjected to a pressure
rise in the mixer 202 of the ejector 105 and the diffuser
(the refrigerant outflow portion) 203 to be in a state g,
and flows into the second evaporator 106. In the second
evaporator 106, the refrigerant is vaporized through heat
exchange with a liquid heat medium at a relatively high
temperature heated by the indoor heat exchanger 109
to be in a state h, and is sucked into the compressor 101.
The foregoing states are repeated, thereby forming a re-
frigeration cycle.

(Temperature Distribution in Flow Directions of Refriger-
ant and Liquid Heat Medium in First Evaporator 104 and 
Second Evaporator 106)

[0025] Fig. 6 shows temperature distribution in the flow
directions of refrigerant and a liquid heat medium in the
first evaporator 104 and the second evaporator 106 illus-
trated in Fig. 1. In Fig. 6, reference numeral 601 denotes
the temperature of a liquid heat medium, reference nu-
meral 602 denotes the refrigerant temperature of the first
evaporator 104, and reference numeral 603 denotes a
refrigerant temperature of the second evaporator 106.
The liquid heat medium that has reached a high temper-
ature in the indoor heat exchanger 109 and has returned
to the outdoor unit 100 is cooled and has its temperature
reduced while passing through the first evaporator 104
and the second evaporator 106. Since the refrigerant has
not been subjected to the pressure rise yet in the ejector
105, the evaporating temperature in the first evaporator
104 is relatively lower than the evaporating temperature
in the second evaporator 106. However, when refrigerant
that has flowed from the first evaporator 104 is subjected
to a pressure rise in the ejector 105 and is caused to flow
into the second evaporator 106, the evaporating temper-
ature can be increased by ΔTeje. Then, the refrigerant
that has flowed from the second evaporator 106 is caused
to return to a suction side of the compressor 101.

(Advantages)

[0026] The pressure rise effect in the ejector 105 can
cause the evaporating temperature in the second evap-
orator 106 to be higher than the evaporating temperature
in the first evaporator 104. In addition, the heated liquid
heat medium flows in the order from the second evapo-
rator 106 to the first evaporator 104 so that the liquid heat
medium can be gradually cooled. In this manner, the re-
frigerant whose evaporating temperature is higher than
that in the first evaporator 104 can be sucked into the
compressor 101. Thus, the COP of the refrigeration cycle
is enhanced, and the operation efficiency can be in-
creased.
[0027] In a conventional refrigerating and air-condi-
tioning apparatus, water-side channels of two water heat
exchangers are serially connected to each other and a
refrigerant channel of each of the water heat exchangers
includes one compressor so as to increase the operation
efficiency (see, for example, Japanese Patent No.
4651627). On the other hand, Embodiment 1 is advan-
tageous in that a refrigerant circuit including one com-
pressor can constitute an economically efficient refriger-
ation cycle.

Embodiment 2

(Configuration)

[0028] A refrigeration cycle apparatus according to
Embodiment 2 of the present invention is different from
that of Embodiment 1 in that a first evaporator 104 and
a second evaporator 106 have different capacities. Spe-
cifically, as illustrated in Fig. 22, the capacity of the sec-
ond evaporator 106 is larger than that of the first evapo-
rator 104.

(Operation)

[0029] The capacity difference between the first evap-
orator 104 and the second evaporator 106 enhances the
COP of the refrigeration cycle. The principle thereof is
as follows.
[0030] High-temperature high-pressure refrigerant
that has flowed from a condenser 102 is divided into a
portion flowing toward a first expansion valve 103 and a
portion flowing toward an ejector 105. The performance
of the first evaporator 104 degrades by a degree corre-
sponding to a decrease in the capacity of the first evap-
orator 104, and thus, the amount of refrigerant flowing
toward the first expansion valve 103 decreases. On the
other hand, the performance of the second evaporator
106 increases by a degree corresponding to an increase
in the capacity of the second evaporator 106, and thus,
the amount of refrigerant flowing toward the ejector 105
increases.
[0031] The degree of pressure rise obtained by power
recovery in the ejector 105 is defined by the following
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equation, and the degree of the pressure rise increases
as the amount of refrigerant flowing into the ejector 105
increases.
[Equation 1]

where Gn is the flow rate of refrigerant flowing into the
ejector 105, hg is an enthalpy of the refrigerant inflow
portion 204 of the ejector 105, he is an enthalpy obtained
when the cross section expands from the inlet to the outlet
of the nozzle 201 illustrated in Fig. 2, Ge is the flow rate
of refrigerant sucked by the ejector 105, and pe is the
density of the refrigerant suction portion 205 of the ejector
105.

(Advantages)

[0032] The increase in the capacity of the second evap-
orator 106 increases the driven flow of the ejector 105,
and the amount of collected power in the ejector 105
increases. Accordingly, the evaporating temperature of
the second evaporator 106 increases, and the suction
temperature of the compressor 101 increases. Conse-
quently, the COP of the refrigeration cycle increases,
thereby enhancing the operation efficiency.
[0033] Fig. 7 shows COP characteristics of a refriger-
ation cycle in a case where the sum of the capacity of
the first evaporator 104 and the capacity of the second
evaporator 106 is fixed and the proportion of the first
evaporator 104 is varied. With the COP at 50% on the
abscissa, the capacity of the first evaporator 104 is equal
to that of the second evaporator 106. As shown in Fig.
7, the COP is increased by reducing the capacity of the
first evaporator 104 and increasing the capacity of the
second evaporator 106, independently of the ejector ef-
ficiency. Specifically, the COP is effectively increased
when the capacity of the first evaporator 104 is in the
range from 30% to 50%, especially when the first evap-
orator 104 is around 40% of the entire capacity.
[0034] When the capacity of the first evaporator 104 is
excessively reduced, the performance of the second
evaporator 106 increases, and thus, the evaporating tem-
perature of refrigerant flowing in the first evaporator 104
decreases. Consequently, the suction pressure of the
compressor 101 decreases but, as a result, the COP de-
creases. When the capacity of the first evaporator 104
is increased, the flow rate Gn of refrigerant flowing into
the ejector 105 decreases and the Ge increases. Thus,
the degree of pressure rise decreases. Consequently,
the COP is not increased. An excessively large difference
between the capacity of the first evaporator 104 and the
capacity of the second evaporator 106 is not appropriate.

Embodiment 3

(Configuration of First Example)

[0035] In a refrigeration cycle apparatus according to
a first example of Embodiment 3 of the present invention,
the first evaporator 104 and the second evaporator 106
of Embodiment 1 or 2 are vertically stacked.
[0036] Fig. 8 illustrates an example of installation of
the first evaporator 104, the second evaporator 106, and
the ejector 105 in the first example. As illustrated in Fig.
8, the first evaporator 104 is positioned higher than the
second evaporator 106. The ejector 105 is disposed such
that a refrigerant inflow portion 204 is positioned higher
104 and 106 than a diffuser (a refrigerant outflow portion)
203. A refrigerant outlet 802 of the first evaporator 104
is connected to a refrigerant suction portion 205 of the
ejector 105 by a pipe 805. A diffuser (a refrigerant outflow
portion) 203 of the ejector 105 is connected to the second
evaporator 106 by a pipe 806.
[0037] On the other hand, a liquid heat medium inlet
811 of the first evaporator 104 is connected to a liquid
heat medium outlet 814 of the second evaporator 106 by
a pipe 815.

(Operation)

[0038] Single-phase liquid or two-phase gas-liquid re-
frigerant that has flowed into the first evaporator 104 flows
from a lower portion to an upper portion of the first evap-
orator 104 while being heated and vaporized with a liquid
heat medium flowing in a liquid heat medium circulation
circuit. The refrigerant that has flowed from the refrigerant
outlet 802 of the first evaporator 104 is sucked into the
refrigerant suction portion 205 of the ejector 105 through
the pipe 805. In the ejector 105, the refrigerant that has
flowed from the refrigerant inflow portion 204 and refrig-
erant sucked from the first evaporator 104 into the refrig-
erant suction portion 205 sequentially flow in a mixer 202
of the ejector 105, the diffuser (the refrigerant outflow
portion) 203, and the pipe 806 in this order, and then
flows into the refrigerant inlet 803 of the second evapo-
rator 106. The two-phase gas-liquid refrigerant that has
flowed into the second evaporator 106 flows toward an
upper portion of the second evaporator 106 while being
heated and vaporized with the liquid heat medium flowing
in the liquid heat medium circulation circuit, and then
flows out from the refrigerant outlet 804.
[0039] The liquid heat medium of the liquid heat medi-
um circulation circuit flows from the liquid heat medium
inlet 813 into the second evaporator 106. Then, the liquid
heat medium is cooled with relatively high-temperature
refrigerant whose pressure has been increased in the
ejector 105, and flows out from the liquid heat medium
outlet 814. Then, the liquid heat medium flows from the
liquid heat medium inlet 811 of the first evaporator 104
into the first evaporator 104 through the pipe 815. There-
after, the liquid heat medium is cooled with relatively low-
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temperature refrigerant immediately before the pressure
rise in the ejector 105, and flows out from the liquid heat
medium outlet 812. Here, the refrigerant and the liquid
heat medium flow in opposite directions, that is, a coun-
terflow is formed.

(Advantages)

[0040] As described above, in the configuration in
which the first evaporator 104 is disposed at an upper
level, the second evaporator 106 is disposed at a lower
level, and the diffuser (the refrigerant outflow portion) 203
of the ejector 105 is disposed below the refrigerant inflow
portion 204 and the refrigerant suction portion 205 of the
ejector 105, the pipe 805 and the pipe 806 are shortened.
Thus, a pressure loss in connection piping is reduced so
that the efficiency of the refrigeration cycle can be in-
creased. In addition, the ejector 105, the first evaporator
104, and the second evaporator 106 can be made com-
pact, thereby reducing the space and cost.
[0041] In addition, as illustrated in Fig. 9, similar ad-
vantages can also be obtained in a configuration in which
the inlet and outlets of refrigerant and the liquid heat me-
dium in the first evaporator 104 and the second evapo-
rator 106 may be diagonally disposed. In this case, weld-
ability of connection by pipes can be further enhanced.
[0042] In the configurations of Figs. 8 and 9, the refrig-
erant and the liquid heat medium flow in opposite direc-
tions. Alternatively, as illustrated in Fig. 10, the refrigerant
and the liquid heat medium may flow in parallel, In such
a case, substantially the same advantages can be ob-
tained. This configuration can be obtained only by chang-
ing the connection of pipes of the liquid heat medium as
illustrated in Fig. 10 without a change in connection of
the ejector 105.

(Configuration of Second Example)

[0043] In a refrigeration cycle apparatus according to
a second example of Embodiment 3 of the present in-
vention, the first evaporator 104 and the second evapo-
rator 106 are disposed in a horizontal line, that is, ar-
ranged side by side, and the refrigerant inflow portion
204 of the ejector 105 is positioned higher than the dif-
fuser (the refrigerant outflow portion) 203 of the ejector
105. The other parts of the configuration and operation
are the same as those in Embodiment 1 and the first
example of Embodiment 3.
[0044] Fig. 11 illustrates an example of installation of
the first evaporator 104, the second evaporator 106, and
the ejector 105 in the second example. As illustrated in
Fig. 11, the first evaporator 104 and the second evapo-
rator 106 are arranged side by side. The ejector 105 is
disposed such that the refrigerant inflow portion 204 is
positioned higher than the diffuser (the refrigerant outflow
portion) 203. The refrigerant outlet 802 of the first evap-
orator 104 is connected to the refrigerant suction portion
205 of the ejector 105 by the pipe 805. The diffuser (the

refrigerant outflow portion) 203 of the ejector 105 is con-
nected to the second evaporator 106 by the pipe 806.
The liquid heat medium outlet 812 of the first evaporator
104 is connected to the liquid heat medium inlet 813 of
the second evaporator 106 by the pipe 815.

(Advantages)

[0045] In the second example of Embodiment 3, the
first evaporator 104 and the second evaporator 106 are
arranged side by side, and the diffuser (the refrigerant
outflow portion) 203 of the ejector 105 is located below
the refrigerant inflow portion 204 and the refrigerant suc-
tion portion 205 of the ejector 105. Thus, the pipe 805
and the pipe 806 are shortened. The connection method
is effective when the configuration is restricted by the
height of installation. In a manner similar to those illus-
trated in Figs. 8 through 10, a pressure loss in connection
piping is reduced, and the efficiency of the refrigeration
cycle is enhanced.

(Summary of Advantages)

[0046]

(1) The configuration in which the refrigerant inflow
portion 204 of the driven flow in the ejector 105 is
positioned higher than the refrigerant outflow portion
203 of the ejector 105 can shorten the connection
pipe between the ejector 105 and the second evap-
orator 106. The shortening of the pipe can reduce a
pressure loss from the refrigerant outflow portion 203
of the ejector 105 to the second evaporator 106, and
the evaporating temperature of the second evapo-
rator 106 increases. Thus, the suction pressure of
the compressor 101 increases, thereby increasing
the efficiency of the refrigeration cycle.
(2) The configuration in which the suction portion of
the ejector 105 is linearly connected to the outlet of
the first evaporator 104 can reduce a pressure loss
from the outlet of the first evaporator 104 to the re-
frigerant suction portion 205 of the ejector 105. Thus,
the pressure at the refrigerant outflow portion 203 of
the ejector 105 increases, and the suction pressure
of the compressor 101 increases. Thus, the efficien-
cy of the refrigeration cycle is enhanced.
(3) The distance between each evaporator and the
ejector 105 is minimized so that materials for pipes
can be reduced and cost reduction can be achieved.

Embodiment 4

(Configuration)

[0047] Fig. 12 illustrates a configuration of a refrigera-
tion cycle apparatus according to Embodiment 4 of the
present invention. The refrigeration cycle apparatus il-
lustrated in Fig. 12 is configured as an outdoor unit 100
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including a first high and low pressure heat exchanger
1101 and a second high and low pressure heat exchang-
er 1102 that exchange heat between refrigerants in ad-
dition to a compressor 101, a condenser 102, a first ex-
pansion valve 103, a first evaporator 104, an ejector 105,
and a second evaporator 106.
[0048] The compressor 101, the condenser 102, a
high-pressure side of the first high and low pressure heat
exchanger 1101, a high-pressure side of the second high
and low pressure heat exchanger 1102, the first expan-
sion valve 103, the first evaporator 104, a low-pressure
side of the second high and low pressure heat exchanger
1102, and a refrigerant suction portion 205 of the ejector
105 are connected in series to each other, thereby form-
ing a first refrigerant circuit. The first refrigerant circuit of
Embodiment 4 is obtained by adding a high-pressure side
channel of the first high and low pressure heat exchanger
1101 and a high-pressure side channel of the second
high and low pressure heat exchanger 1102 between the
condenser 102 and the first expansion valve 103 of the
first refrigerant circuit of one of Embodiments 1 to 3 and
adding a low-pressure side channel of the second high
and low pressure heat exchanger 1102 between the first
evaporator 104 and the refrigerant suction portion 205
of the ejector 105.
[0049] A pipe branching off from a refrigerant pipe be-
tween the condenser 102 and the first high and low pres-
sure heat exchanger 1101 is connected to a refrigerant
inflow portion 204 of the ejector 105 and forms a second
refrigerant circuit. A diffuser (a refrigerant outflow portion)
203 of the ejector 105, the second evaporator 106, a low-
pressure side of the first high and low pressure heat ex-
changer 1101, and a refrigerant suction portion of the
compressor 101 are connected to each other by refrig-
erant pipes, thereby forming a third refrigerant circuit.
The third refrigerant circuit of Embodiment 4 is obtained
by adding a low-pressure side channel of the first high
and low pressure heat exchanger 1101 between the sec-
ond evaporator 106 and the compressor 101 of the third
refrigerant circuit of one of Embodiments 1 to 3.
[0050] These elements and pipes connecting the ele-
ments are housed in a casing.
[0051] Fig. 13 illustrates an example of the high and
low pressure heat exchanger used in Embodiment 4. As
illustrated in Fig. 13(a), the high and low pressure heat
exchangers 1101 and 1102 are composed of double
pipes, low-pressure low-temperature refrigerant flows in
an inner space 1201 of the inner pipe, and high-temper-
ature high-pressure refrigerant flows in a ring space 1202
of an outer pipe located on an outer side of the inner pipe
such that these refrigerants exchange heat. The high and
low pressure heat exchanger illustrated in Fig. 13(b) is
composed of double pipes of the outer pipe 2101 and
the inner pipe 2102. The inner pipe 2102 is provided with
a plurality of fins 2102a that are arranged around the axis
such that heat exchange performance between the re-
frigerant flowing in the inner space 2104 of the inner pipe
2102 and the refrigerant flowing in the ring space 2103

of the outer pipe 2101 is enhanced. In addition, the inner
pipe may be provided with a plurality of spiral pipes.

(Operation)

[0052] Fig. 14 is a mollier chart showing an operating
state of the refrigeration cycle apparatus illustrated in Fig.
12. The state of refrigerant at the outlet of the condenser
102 is the same as that in Embodiment 1. Refrigerant
that has flowed from the condenser 102 toward the first
expansion valve 103 is cooled to be in a state b’ through
heat exchange with low-temperature low-pressure refrig-
erant that has flowed from the second evaporator 106 in
the first high and low pressure heat exchanger 1101. In
addition, this refrigerant becomes a state b" through heat
exchange with low-temperature low-pressure refrigerant
that has flowed from the first evaporator 104 in the second
high and low pressure heat exchanger 1102, and flows
into the first expansion valve 103. The refrigerant sub-
jected to pressure reduction in the first expansion valve
103 becomes a state c, and passes through the first evap-
orator 104 to be in a state d’. This refrigerant is heated
with high-temperature high-pressure refrigerant in the
second high and low pressure heat exchanger 1102 to
be in a state d and is sucked into the ejector 105. Then,
the refrigerant passes through the ejector 105 and the
second evaporator 106 to be in a state h, and then is
heated by the first high and low pressure heat exchanger
1101 to be in a state h’ and is sucked into the compressor
101.

(Advantages)

[0053] The refrigeration cycle apparatus of Embodi-
ment 4 uses the high and low pressure heat exchangers
1101 and 1102 in order to change refrigerant that flows
out of the first and second evaporators 104 and 106 into
two-phase refrigerant. Specifically, as illustrated in Fig.
15, as compared to a configuration (a) including no high
and low pressure heat exchangers, a configuration (b)
including high and low pressure heat exchangers ena-
bles the refrigerant flowing out from the outlets of the first
and second evaporators 104 and 106 to be in the two-
phase state so that the refrigerant is in a superheat state
in the high and low pressure heat exchangers. Thus, the
heat transfer coefficient of the first and second evapora-
tors 104 and 106 can be increased, resulting in increases
in the pressure of the refrigerant suction portion 205 of
the ejector 105 and the suction pressure of the compres-
sor 101. In addition, the temperature of refrigerant sucked
into the compressor 101 increases, thereby enhancing
the efficiency of the refrigeration cycle.
[0054] As shown in Fig. 16, in regard to the relationship
between the length and the COP ratio in heat exchange
portions of the high and low pressure heat exchangers
1101 and 1102, the COP ratio gradually increases to a
certain length, and thus, an appropriate length is prefer-
ably selected.
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Embodiment 5

(Configuration)

[0055] Fig. 17 illustrates a configuration of a refrigera-
tion cycle apparatus according to Embodiment 5 of the
present invention. The refrigeration cycle apparatus il-
lustrated in Fig. 17 is configured as an outdoor unit 100
including a gas-liquid separator 1701 in addition to a com-
pressor 101, a condenser 102, a first expansion valve
103, a first evaporator 104, an ejector 105, and a second
evaporator 106. The compressor 101, the condenser
102, the first expansion valve 103, the first evaporator
104, and the ejector 105 are connected to each other by
refrigerant pipes, thereby forming a first refrigerant cir-
cuit. The refrigeration cycle apparatus also includes a
second refrigerant circuit that branches off from a refrig-
erant pipe between the condenser 102 and the first ex-
pansion valve 103 and is connected to the refrigerant
inflow portion 204 of the ejector 105. In addition, a refrig-
erant outflow portion 203 of the ejector 105, a gas-liquid
separator 1701, the second evaporator 106, a refrigerant
suction portion of the compressor 101 are connected to
each other by refrigerant pipes, thereby forming a third
refrigerant circuit. The third refrigerant circuit of Embod-
iment 5 is obtained by inserting the gas-liquid separator
1701 between the ejector 105 of the third refrigerant cir-
cuit and the second evaporator 106 of one of Embodi-
ments 1 to 3.
[0056] In addition, the refrigeration cycle apparatus al-
so includes a bypass circuit 1702 that connects a gas
refrigerant outlet of the gas-liquid separator 1701 and an
outlet of the second evaporator 106 through first flow
control means 1703. The bypass circuit 1702 may be a
capillary tube.
[0057] These elements and pipes connecting the ele-
ments are housed in a casing.

(Gas-liquid Separator)

[0058] The gas-liquid separator 1701 is composed of
a refrigerant inlet, an outlet of gas refrigerant, and an
outlet of liquid refrigerant. Fig. 18 illustrates an example
of the gas-liquid separator 1701. The gas-liquid separator
1701 includes a container 301 having a cylindrical side
wall 301 a, a top wall 301 b, and a bottom wall 301 c, an
inlet pipe 302 penetrating through the top wall 301 b, an
upper outlet pipe 303 arranged on the side of the inlet
pipe 302 and attached to the top wall 301 b, and a lower
outlet pipe 304 attached to the bottom wall 301 c of the
container 301.
[0059] Refrigerant liquid 306 that has blown from a lat-
eral hole in the inlet pipe 302 hits and is attached to the
side wall 301 a of the container 301 to be refrigerant liquid
307b. The refrigerant liquid 307b is separated from re-
frigerant steam 308 and is dropped by gravity along the
side wall 301 a, and accumulates as refrigerant liquid
307e on the bottom of the container 301. On the other

hand, the refrigerant steam 308 flows out of the container
301 through the upper outlet pipe 303. The refrigerant
liquid 307a that is not blown from the lateral hole in the
inlet pipe 302 and flows to a lower portion accumulates
on the bottom surface of the inlet pipe 302, and flows out
downward as refrigerant liquid 307c through the lower
hole. Then, the refrigerant liquid 307c merges with the
refrigerant liquid 307e that has accumulated on the bot-
tom of the container 301 together with the refrigerant liq-
uid 307b, and flows out of the container 301 through the
lower outlet pipe 304.

(Operation)

[0060] Fig. 19 is a mollier chart showing an operating
state of the refrigeration cycle apparatus illustrated in Fig.
17. Here, the difference from Embodiments 1 to 3 will be
described. Refrigerant in the state g that has flowed out
of the ejector 105 is separated into liquid refrigerant (state
g’) and gas refrigerant (state g") in the gas-liquid sepa-
rator 1701. The liquid refrigerant is heated by liquid heat
medium in the second evaporator 106. On the other hand,
the gas refrigerant is subjected to flow control in the first
flow control means 1703, and then merges with refriger-
ant that has flowed out of the second evaporator 106 to
be in a state h, and is sucked into the compressor 101.

(Advantages)

[0061] In the refrigeration cycle apparatus configured
as described above, liquid refrigerant separated in the
gas-liquid separator 1701 is caused to flow into the sec-
ond evaporator 106 so that the refrigerant speed in the
second evaporator 106 decreases and a pressure loss
in the second evaporator 106 decreases. The decrease
in pressure loss in the second evaporator 106 increases
the evaporating temperature of the second evaporator
106 so that the suction pressure of the compressor 101
increases, thereby obtaining efficient operation of the re-
frigeration cycle.

Embodiment 6

(Configuration)

[0062] Fig. 20 illustrates a configuration of a refrigera-
tion cycle apparatus according to Embodiment 6 of the
present invention. The refrigeration cycle apparatus of
Embodiment 6 is configured as an outdoor unit 100 in-
cluding an internal heat exchanger 2001 and second flow
control means 2002 in addition to a compressor 101, a
condenser 102, a first expansion valve 103, a first evap-
orator 104, an ejector 105, and a second evaporator 106.
[0063] The compressor 101, the condenser 102, a
high-pressure side of the internal heat exchanger 2001,
the first expansion valve 103, the first evaporator 104,
and a refrigerant suction portion 205 of the ejector 105
are sequentially connected to each other, thereby form-
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ing a first refrigerant circuit (obtained by adding a high-
pressure side channel of the internal heat exchanger
2001 between the condenser 102 and the first expansion
valve 103 of the first refrigerant circuit of Embodiments
1 to 3).
[0064] A pipe branching off from a refrigerant pipe be-
tween the condenser 102 and the internal heat exchang-
er 2001 is connected to the refrigerant inflow portion 204
of the ejector 105, thereby forming a second refrigerant
circuit. In addition, a diffuser (a refrigerant outflow por-
tion) 203 of the ejector 105, the second evaporator 106,
a refrigerant suction portion of the compressor 101 are
connected to each other by refrigerant pipes, thereby
forming a third refrigerant circuit.
[0065] The refrigeration cycle apparatus further in-
cludes an injection circuit 2003 branching off from be-
tween an outlet side of the condenser 102 and an inlet
side of the internal heat exchanger 2001 and is connected
to an intermediate pressure port of the compressor 101
through the second flow control means 2002 and the low-
pressure side channel of the internal heat exchanger
2001.
[0066] These elements and pipes connecting the ele-
ments are housed in a casing.
[0067] The internal heat exchanger 2001 may have the
same configuration as that of the high and low pressure
heat exchanger described above, and/or may use the
water heat exchanger described above as an internal
heat exchanger.

(Operation)

[0068] Fig. 21 is a mollier chart showing an operating
state of the refrigeration cycle apparatus illustrated in Fig.
20. Here, only portions different from those of the oper-
ation illustrated in Fig. 1 will be described. The refrigerant
in the high-temperature high-pressure state b that has
flowed out from the condenser 102 is divided into refrig-
erant flowing toward the internal heat exchanger 2001
and refrigerant flowing toward the ejector 105. The re-
frigerant flowing toward the internal heat exchanger 2001
is then divided into refrigerant flowing toward the internal
heat exchanger 2001 and refrigerant flowing toward the
second flow control means 2002. The refrigerant in the
state i subjected to flow control and pressure reduction
in the second flow control means 2002 is heated through
heat exchange with the high-temperature high-pressure
refrigerant in the internal heat exchanger 2001 to be in
a state j, and flows into portions around an intermediate
pressure of the compressor 101. The refrigerant that has
flowed into an intermediate pressure of the compressor
101 is mixed with refrigerant that has flowed from a suc-
tion portion of the compressor 101 and is compressed to
be in a state k, and then is compressed again. On the
other hand, refrigerant in the state b that has flowed into
a high-pressure side of the internal heat exchanger 2001
is cooled through heat exchange with low-temperature
refrigerant flowing in the low-pressure side of the internal

heat exchanger 2001 to be in a state c’, and flows into
the first expansion valve 103. Subsequent operation is
the same as that in Fig. 5, and description thereof will
not be repeated.

(Advantages)

[0069] Refrigerant that branches from the refrigerant
pipe between the outlet side of the condenser 102 and
the inlet side of the internal heat exchanger 2001 and
has become a low temperature in the second flow control
means 2002 exchanges heat with high-temperature re-
frigerant in the internal heat exchanger 2001. The refrig-
erant subjected to the heat exchange is caused to flow
(injected) into the intermediate pressure port of the com-
pressor 101, thereby temporarily cooling refrigerant com-
pressed in the compressor 101 and compressing the re-
frigerant again. In this manner, the discharge tempera-
ture of the compressor 101 is lower than that in the case
of using no injection, and superheat of the motor of the
compressor 101 can be reduced, thereby increasing the
reliability. In addition, advantageously, low-temperature
water that cannot be operated in order to protect the mo-
tor against superheat can be produced.

Reference Signs List

[0070] 100 outdoor unit, 101 compressor, 102 con-
denser, 103 first expansion valve, 104 first evaporator,
105 ejector, 106 second evaporator, 107 water supply,
108 indoor unit, 109 indoor heat exchanger, 201 nozzle
of ejector, 202, mixer of ejector, 203 diffuser (refrigerant
outflow portion) of ejector, 204 refrigerant inlet of ejector,
205 refrigerant suction portion of ejector, 1101 first high
and low pressure heat exchanger, 1102 second high and
low pressure heat exchanger, 1701 gas-liquid separator,
1702 bypass circuit, 1703 first flow control means, 2001
internal heat exchanger, 2002 second flow control
means, 2003 injection circuit.

Claims

1. A refrigeration cycle apparatus comprising:

a first refrigerant circuit connecting a refrigerant
discharging portion of a compressor, a condens-
er, a first expansion valve, a first evaporator, and
a refrigerant suction portion of an ejector;
a second refrigerant circuit branching off from
connection piping between an outlet side of the
condenser and the first expansion valve, and
connecting to a refrigerant inflow portion of the
ejector; and
a third refrigerant circuit connecting a refrigerant
outflow portion of the ejector, a second evapo-
rator, and a refrigerant suction portion of the
compressor,
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the first evaporator being a water heat exchang-
er to exchange heat between refrigerant flowing
in the first refrigerant circuit and a liquid heat
medium different from the refrigerant,
the second evaporator being a water heat ex-
changer to exchange heat between refrigerant
flowing in the second refrigerant circuit and the
liquid heat medium,
the liquid heat medium being supplied from out-
side, flowing in the second evaporator and the
first evaporator in this order, and then flowing
out to the outside.

2. The refrigeration cycle apparatus of claim 1, wherein
the second evaporator has a capacity larger than
that of the first evaporator.

3. The refrigeration cycle apparatus of claim 2, wherein
the capacity of the first evaporator is greater than or
equal to 30% of a sum of the capacity of the first
evaporator and the capacity of the second evapora-
tor.

4. The refrigeration cycle apparatus of any one of
claims 1 to 3, wherein
the first evaporator is disposed higher than the sec-
ond evaporator, and
the ejector is disposed such that the refrigerant inflow
portion of the ejector is positioned higher than the
refrigerant outflow portion of the ejector.

5. The refrigeration cycle apparatus of any one of
claims 1 to 3, wherein
the first evaporator and the second evaporator are
disposed side by side in a horizontal direction, and
the ejector is disposed such that the refrigerant inflow
portion of the ejector is positioned higher than the
refrigerant outflow portion of the ejector.

6. The refrigeration cycle apparatus of claim 4 or 5,
wherein
a refrigerant outlet of the first evaporator is connect-
ed to the refrigerant suction portion of the ejector by
horizontal piping.

7. The refrigeration cycle apparatus of any one of
claims 1 to 6, further comprising a first high and low
pressure heat exchanger and a second high and low
pressure heat exchanger to exchange heat between
high-pressure side refrigerant and low-pressure side
refrigerant, wherein
a high-pressure side channel of the first high and low
pressure heat exchanger and a high-pressure side
channel of the second high and low pressure heat
exchanger are connected in series between a refrig-
erant outlet side of the condenser and a refrigerant
inlet side of the first expansion valve in the first re-
frigerant circuit,

a low-pressure side channel of the second high and
low pressure heat exchanger is connected between
a refrigerant outlet side of the first evaporator and
the refrigerant suction portion of the ejector, and
a low-pressure side channel of the first high and low
pressure heat exchanger is connected between a
refrigerant outlet side of the second evaporator and
the refrigerant suction portion of the compressor.

8. The refrigeration cycle apparatus of any one of
claims 1 to 6, further comprising:

a gas-liquid separator to separate refrigerant in-
to a gaseous-phase portion of refrigerant and a
liquid-phase portion of refrigerant; and
a bypass circuit to cause the gaseous-phase
portion of refrigerant separated in the gas-liquid
separator to bypass the second evaporator and
flow into the refrigerant suction portion of the
compressor, wherein
the gas-liquid separator is connected between
the refrigerant outflow portion of the ejector and
a refrigerant inlet side of the second evaporator
in the third refrigerant circuit,
the liquid-phase portion of refrigerant flows into
the refrigerant suction portion of the compressor
via the second evaporator, and
the gaseous-phase portion of refrigerant flows
into the refrigerant suction portion of the com-
pressor through the bypass circuit.

9. The refrigeration cycle apparatus of any one of
claims 1 to 6, further comprising an internal heat ex-
changer to exchange heat between high-pressure
side refrigerant and low-pressure side refrigerant,
wherein
a high-pressure side channel of the internal heat ex-
changer is connected between a refrigerant outlet
side of the condenser and a refrigerant inlet side of
the first expansion valve in the first refrigerant circuit,
and
the refrigeration cycle apparatus includes an injec-
tion circuit that branches off from between the refrig-
erant outlet side of the condenser and a refrigerant
inlet side of the internal heat exchanger and is con-
nected to an intermediate pressure port of the com-
pressor via second flow control means and a low-
pressure side channel of the internal heat exchang-
er.

10. The refrigeration cycle apparatus of any one of
claims 1 to 9, wherein
the first evaporator and the second evaporator are
configured such that the refrigerant and the liquid
heat medium flow in opposite directions with respect
to each other.
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