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CONTROL METHOD OF REFRIGERANT SYSTEM

(57) In this system, while heat exchange is efficiently
carried out through direct contact of multiple types of re-
frigerant, the refrigeration cycle function is made to func-
tion adequately without the problem of contamination of
the refrigeration cycle refrigerant by a dissimilar refriger-
ant. This refrigerant system (1) is provided with: a heat
source cycle (10) comprising a compressor (11), a heat
exchanger (12) and a decompression unit (13); a heat
transport loop (20) which circulates a liquid-phase trans-
port refrigerant that transports heat towards a heat load;
and a direct contact heat exchanger (30) which allows
direct contact between the transport refrigerant and a

heat source refrigerant sealed in the heat source cycle
(10). As a heat source refrigerant, a second refrigerant
is sealed in the heat source cycle (10) in addition to the
first refrigerant. Of the first refrigerant and the second
refrigerant, which has a higher boiling point than that of
the first refrigerant, at least the first refrigerant boils in
the direct contact heat exchanger (30), into which the
heat source refrigerant passing through the decompres-
sion unit (13) flows, and the density of the liquid phase
of the second refrigerant is lower than the density of the
transport refrigerant.
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Description

Technical Field

[0001] The present invention relates to a refrigerant
system provided with a direct contact heat exchanger
allowing direct contact between two refrigerants and a
refrigerant system control method.

Background Art

[0002] At present, a hydrofluorocarbon (HFC) refriger-
ant represented by R410A is used in equipment using a
refrigeration cycle such as air conditioners and chillers.
As regulations for global warming prevention are
strengthened, development of refrigerants low in global-
warming potential (GWP) is in progress.
[0003] In addition, development of various types of re-
frigerants is in progress in view of cycle efficiency (per-
formance) and safety such as incombustibility as well as
global warming.
[0004] The inventor of the present invention proposes
a refrigerant system provided with a heat source cycle
(refrigeration cycle) in which an HFO refrigerant, an HFC
refrigerant, or the like circulates, a heat transport loop
transporting a water refrigerant to a heat load, and a direct
contact heat exchanger allowing direct contact between
a heat source cycle refrigerant and the water refrigerant
in a tank (PTL 1). The heat source cycle refrigerant and
the water refrigerant are mixed in the direct contact heat
exchanger. The density difference between the heat
source cycle refrigerant and the water refrigerant under
a pressure condition of the direct contact heat exchanger
functioning as a condenser is smaller during a heating
operation than during a cooling operation. Accordingly,
in PTL 1, the heat source cycle refrigerant that has
passed through the direct contact heat exchanger is sep-
arated from the water refrigerant by the density difference
after decompression during the heating operation.

Citation List

Patent Literature

[0005] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 2015-87051

Summary of Invention

Technical Problem

[0006] Insofar as the heat source cycle refrigerant and
the water refrigerant are brought into direct contact with
each other by the direct contact heat exchanger, the heat
source cycle refrigerant and the water refrigerant are in-
evitably mixed. Regardless of the cooling operation and
the heating operation, it is rather difficult to completely
separate the water refrigerant from the heat source cycle

refrigerant. Accordingly, a refrigeration cycle may not be
fully functional or may not be established.
[0007] Component malfunction, lubricant degradation,
and so on may arise once the heat source cycle refrig-
erant is contaminated with water. The heating operation
entails a high risk of malfunction attributable to freezing.
[0008] An object of the present invention is to provide
a refrigerant system and a refrigerant system control
method allowing, while heat exchange is efficiently car-
ried out through direct contact of multiple types of refrig-
erant, the refrigeration cycle function to be made to func-
tion adequately without the problem of contamination of
the refrigeration cycle refrigerant by a dissimilar refriger-
ant.

Solution to Problem

[0009] A first refrigerant system according to the
present invention includes a heat source cycle having a
compressor, a heat exchanger, and a decompression
unit, a heat transport loop circulating a liquid-phase trans-
port refrigerant transporting heat toward a heat load, and
a direct contact heat exchanger allowing direct contact
between the transport refrigerant and a heat source re-
frigerant sealed in the heat source cycle.
[0010] According to the present invention, a second
refrigerant is sealed in the heat source cycle in addition
to a first refrigerant as the heat source refrigerant. In the
direct contact heat exchanger, into which the heat source
refrigerant passing through the decompression unit
flows, of the first refrigerant and the second refrigerant
which has a higher boiling point than that of the first re-
frigerant, at least the first refrigerant boils. A density of a
liquid phase of the second refrigerant is lower than a den-
sity of the transport refrigerant.
[0011] The present invention can be developed for
heating applications as well.
[0012] A second refrigerant system according to the
present invention includes a heat source cycle having a
compressor, a heat exchanger, and a decompression
unit, a heat transport loop circulating a liquid-phase trans-
port refrigerant transporting heat toward a heat load, and
a direct contact heat exchanger allowing direct contact
between the transport refrigerant and a heat source re-
frigerant sealed in the heat source cycle.
[0013] A second refrigerant is sealed in the heat source
cycle in addition to a first refrigerant as the heat source
refrigerant and the heat source cycle includes a heat ex-
changer condensing a gas phase of the heat source re-
frigerant taken out from the direct contact heat exchang-
er. In the direct contact heat exchanger, into which the
first refrigerant discharged from the compressor flows,
of the first refrigerant and the second refrigerant which
has a higher boiling point than that of the first refrigerant,
the second refrigerant condenses. A density of a liquid
phase of the second refrigerant is lower than a density
of the transport refrigerant.
[0014] The present invention can be developed in a
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heating-cum-cooling refrigerant system as well.
[0015] A third refrigerant system according to the
present invention includes a heat source cycle having a
compressor, a heat exchanger, and a decompression
unit, a heat transport loop circulating a liquid-phase trans-
port refrigerant transporting heat toward a heat load, a
direct contact heat exchanger allowing direct contact be-
tween the transport refrigerant and a heat source refrig-
erant sealed in the heat source cycle, and a direction
switching unit switching a direction in which the heat
source refrigerant flows through the heat source cycle.
[0016] A second refrigerant is sealed in the heat source
cycle in addition to a first refrigerant as the heat source
refrigerant and the heat source cycle includes a heat ex-
changer condensing a gas phase of the heat source re-
frigerant taken out from the direct contact heat exchang-
er. In the direct contact heat exchanger, into which the
heat source refrigerant passing through the decompres-
sion unit flows, of the first refrigerant and the second re-
frigerant which has a higher boiling point than that of the
first refrigerant, the first refrigerant boils. A density of a
liquid phase of the second refrigerant is lower than a den-
sity of the transport refrigerant. In the direct contact heat
exchanger, into which the first refrigerant discharged
from the compressor flows, of the first refrigerant and the
second refrigerant which has a higher boiling point than
that of the first refrigerant, at least the second refrigerant
condenses. The density of the liquid phase of the second
refrigerant is lower than the density of the transport re-
frigerant.
[0017] In each of the refrigerant systems described
above, the transport refrigerant is preferably water and
the second refrigerant is preferably a hydrocarbon-based
(HC-based) refrigerant.
[0018] The present invention can be further developed
for a refrigerant system control method as well.
[0019] A first control method is a method for controlling
a refrigerant system including a heat source cycle having
a compressor, a heat exchanger, and a decompression
unit, a heat transport loop circulating a liquid-phase trans-
port refrigerant transporting heat toward a heat load, and
a direct contact heat exchanger allowing direct contact
between the transport refrigerant and a heat source re-
frigerant sealed in the heat source cycle. The method
includes using a second refrigerant having a liquid den-
sity lower than a density of the transport refrigerant in
addition to a first refrigerant as the heat source refrigerant
sealed in the heat source cycle and in the direct contact
heat exchanger, into which the heat source refrigerant
passing through the decompression unit flows, control-
ling an internal temperature of the direct contact heat
exchanger to an evaporation temperature higher than a
boiling point of the first refrigerant and a boiling point of
the second refrigerant such that of the first refrigerant
and the second refrigerant which has a higher boiling
point than that of the first refrigerant, at least the first
refrigerant boils.
[0020] A second control method is a method for con-

trolling a refrigerant system including a heat source cycle
having a compressor, a heat exchanger, and a decom-
pression unit, a heat transport loop circulating a liquid-
phase transport refrigerant transporting heat toward a
heat load, and a direct contact heat exchanger allowing
direct contact between the transport refrigerant and a
heat source refrigerant sealed in the heat source cycle.
The method includes using a second refrigerant having
a liquid density lower than a density of the transport re-
frigerant in addition to a first refrigerant as the heat source
refrigerant sealed in the heat source cycle and in the
direct contact heat exchanger, into which the first refrig-
erant discharged from the compressor flows, controlling
an internal temperature of the direct contact heat ex-
changer to a condensation temperature between a boil-
ing point of the first refrigerant and a boiling point of the
second refrigerant such that of the first refrigerant and
the second refrigerant which has a higher boiling point
than that of the first refrigerant, the second refrigerant
condenses.

Advantageous Effects of Invention

[0021] According to the present invention, it is possible
to reliably prevent the transport refrigerant from contam-
inating the heat source refrigerant circulating through the
heat source cycle owing to the presence of the liquid
phase of the second refrigerant in the direct contact heat
exchanger while the heat source refrigerant and the
transport refrigerant are in direct contact with each other
in the direct contact heat exchanger. Accordingly, a re-
frigeration cycle function can be made to function ade-
quately.

Brief Description of Drawings

[0022]

Fig. 1 is a diagram schematically illustrating a refrig-
erant system for cooling according to a first embod-
iment.
Fig. 2 is a graph illustrating the relationship between
a pressure and the respective saturation tempera-
tures of a first refrigerant, a second refrigerant, and
a transport refrigerant.
Fig. 3 is a graph illustrating the relationship between
a temperature and the respective liquid densities of
the first refrigerant, the second refrigerant, and the
transport refrigerant.
Fig. 4 is a diagram schematically illustrating a refrig-
erant system for heating according to a second em-
bodiment.
Fig. 5 is a diagram schematically illustrating a cool-
ing-cum-heating refrigerant system according to a
third embodiment (during a cooling operation).
Fig. 6 is a diagram schematically illustrating the cool-
ing-cum-heating refrigerant system according to the
third embodiment (during a heating operation).
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Description of Embodiments

[0023] Hereinafter, embodiments of the present inven-
tion will be described with reference to accompanying
drawings.

[First Embodiment]

[0024] In a first embodiment, a refrigerant system 1
having a cooling function will be described.
[0025] The refrigerant system 1 illustrated in Fig. 1 is
provided with a heat source cycle 10 (refrigeration cycle)
in which a heat source cycle refrigerant is circulated, a
heat transport loop 20 in which a liquid-phase transport
refrigerant is circulated, a direct contact heat exchanger
30, and a control device (not illustrated).
[0026] The entire refrigerant system 1 is regarded as
a closed cycle sealed with respect to the atmosphere.
[0027] The refrigerant system 1 is configured as an air
conditioner that undergoes a cooling operation (cooling)
so as to cool indoor air as a heat load with outside air as
a heat source and is provided with an outdoor unit 1A,
an indoor unit 1B, and a pipe provided in the outdoor unit
1A and the indoor unit 1B to constitute a refrigerant circuit.
[0028] The outdoor unit 1A is provided with a compres-
sor 11, an outdoor heat exchanger 12, a decompression
unit 13, a check valve 14, the direct contact heat exchang-
er 30, and a unit (not illustrated) that accommodates the
compressor 11, the outdoor heat exchanger 12, the de-
compression unit 13, the check valve 14, and the direct
contact heat exchanger 30.
[0029] The indoor unit 1B is provided with an indoor
heat exchanger 21 and a unit (not illustrated) that accom-
modates the indoor heat exchanger 21.
[0030] The equipment configurations of the outdoor
unit 1A and the indoor unit 1B are not limited to the
present embodiment. Depending on unit installation
spaces and the like, the components of the heat source
cycle 10 and the heat transport loop 20 and the like can
be appropriately disposed in the outdoor unit 1A and the
indoor unit 1B, respectively.
[0031] The heat source cycle 10 is configured to in-
clude the compressor 11, the outdoor heat exchanger 12
that is disposed outdoors and functions as a condenser,
the decompression unit 13, and the direct contact heat
exchanger 30 that functions as an evaporator.
[0032] In the heat source cycle 10, a first refrigerant
and a second refrigerant are sealed at a predetermined
sealing ratio as heat source cycle (HSC) refrigerants
(hereinafter, referred to as heat source refrigerants). The
ratio of the first refrigerant sealed in the heat source cycle
10 is, for example, 50 Wt% to 90 Wt% and exceeds the
ratio of the second refrigerant sealed in the same heat
source cycle 10.
[0033] An HFC refrigerant, an HFO refrigerant, or the
like can be used as the first refrigerant.
[0034] R32 is an example of the hydro fluoro carbon
(HFC) refrigerant.

[0035] Examples of the hydro fluoro olefin (HFO) re-
frigerant include R1234ze and R1234yf. From the view-
point of global warming potential (GWP) reduction, it is
preferable to use an HFO-based refrigerant.
[0036] Hydrocarbon-based (HC-based) refrigerants
such as propane and isobutane can be used as the sec-
ond refrigerant. The HC-based refrigerants are lower in
GWP than R1234ze and R1234yf.
[0037] The heat source refrigerants may be divided in-
to three or more types of refrigerants including the first
refrigerant, the second refrigerant, and another refriger-
ant.
[0038] The refrigerant used for the first refrigerant and
the refrigerant used for the second refrigerant can be
appropriately selected in view of cycle efficiency, GWP,
and the like.
[0039] In the present embodiment, R32 is used as the
first refrigerant and propane, which is an HC-based re-
frigerant, is used as the second refrigerant. Both isobu-
tane and propane may be used as the second refrigerant.
[0040] The first and second refrigerants will be referred
to as the heat source refrigerants when the first and sec-
ond refrigerants do not have to be distinguished from
each other.
[0041] The compressor 11 compresses the heat
source refrigerant suctioned into a housing by means of
a scroll compression mechanism, a rotary compression
mechanism, or the like and discharges the heat source
refrigerant. From the viewpoint of environmental load and
the like, it is preferable to adopt an oil-free compressor
using no chiller oil (lubricant).
[0042] The outdoor heat exchanger 12 indirectly per-
forms heat exchange between the heat source refrigerant
and outside air via, for example, a tube through which
the heat source refrigerant flows. In order to promote the
heat exchange, it is preferable to blow outside air toward
the outdoor heat exchanger 12 with a fan.
[0043] The decompression unit 13 decompresses the
heat source refrigerant. An expansion valve, a capillary
tube, or the like can be used as the decompression unit
13.
[0044] The check valve 14 is provided between the de-
compression unit 13 and the direct contact heat exchang-
er 30. The check valve 14 regulates the direction in which
the heat source refrigerant flows in one direction from
the decompression unit 13 to the direct contact heat ex-
changer 30.
[0045] The heat transport loop 20 is configured to in-
clude the direct contact heat exchanger 30, the indoor
heat exchanger 21 disposed indoors, and a pump 22.
[0046] The liquid-phase transport refrigerant is sealed
in the heat transport loop 20. Water is adopted as the
transport refrigerant of the present embodiment.
[0047] The transport refrigerant is in a liquid phase over
the temperature change range in the refrigerant system
1 and undergoes no phase transition. Hereinafter, the
transport refrigerant will be referred to as a water refrig-
erant. The water refrigerant has a GWP of 0. The water
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refrigerant has no combustibility.
[0048] The indoor heat exchanger 21 indirectly per-
forms heat exchange between water and indoor air. In
order to promote the heat exchange, it is preferable to
blow suctioned indoor air toward the indoor heat ex-
changer 21 with a fan. The indoor heat exchanger 21 and
the fan can be configured as, for example, a fan coil unit.
[0049] The pump 22 circulates the water refrigerant
between the direct contact heat exchanger 30 and the
indoor heat exchanger 21 by pumping the water refrig-
erant from the direct contact heat exchanger 30 toward
the indoor heat exchanger 21. The pump 22 is connected
to the pipe of the heat transport loop 20 through which
water flows.
[0050] Any type of pump can be used as the pump 22.
Examples of the pump 22 include volumetric and non-
volumetric pumps.
[0051] The direct contact heat exchanger 30 causes
the heat source refrigerant and the water refrigerant to
exchange heat with each other by bringing the refriger-
ants into direct contact with each other. The direct contact
heat exchanger 30 is provided with a tank 31, a heat
source refrigerant inlet 321, a heat source refrigerant out-
let 322, a water inlet 331, and a water outlet 332. The
heat source refrigerant inlet 321 is positioned in the bot-
tom portion of the tank 31 and the heat source refrigerant
outlet 322 is positioned in the upper portion of the tank 31.
[0052] The water refrigerant stored in the tank 31 and
the heat source refrigerant that has flowed into the tank
31 from the heat source refrigerant inlet 321 come into
direct contact with each other. As a result, the water re-
frigerant and the heat source refrigerant exchange heat.
The liquid phase of the heat source refrigerant as well
as the water refrigerant may be stored in the tank 31.
[0053] It is possible to reduce the combustibility of the
entire refrigerant system 1, even if the heat source re-
frigerant has combustibility, because of the water refrig-
erant that is present in the tank 31 and the pipe of the
heat transport loop 20.
[0054] In the direct contact heat exchanger 30 of the
refrigerant system 1 of the present embodiment that is
under a predetermined low-pressure condition and a
temperature condition corresponding thereto, mainly the
first refrigerant as the heat source refrigerant rather than
the second refrigerant as the heat source refrigerant is
boiled and the water refrigerant is cooled with the latent
heat of the first refrigerant.
[0055] In the direct contact heat exchanger 30, those
exchanging heat are in direct contact with each other.
Accordingly, a high level of heat exchange efficiency can
be obtained as compared with typical heat exchangers
in which a sufficient temperature difference is required
as those exchanging heat are in indirect contact via a
tube or the like. In addition, the direct contact heat ex-
changer 30 is configured to be capable of reliably pre-
venting water-based contamination of the heat source
refrigerant circulating through the heat source cycle 10
based on the physical properties of the heat source re-

frigerant and the water refrigerant as described below
with the heat source refrigerant and the water refrigerant
in direct contact with each other.
[0056] In the present embodiment, the boiling point dif-
ference and the liquid density difference between the re-
frigerants used in the refrigerant system 1 are used so
that the heat exchange by the direct contact heat ex-
changer 30 is established and water-based contamina-
tion of the heat source refrigerant circulating through the
heat source cycle 10 is prevented.
[0057] As described above, the refrigerant system 1 of
the present embodiment uses three types of refrigerants,
that is, the first refrigerant as the heat source refrigerant,
the second refrigerant as the heat source refrigerant, and
the water refrigerant as the transport refrigerant.
[0058] From the respective physical properties of the
three types of refrigerants, the following relationship is
established inside the tank 31 of the direct contact heat
exchanger 30.
[0059] First, the boiling point of the second refrigerant
is higher than the boiling point of the first refrigerant. It is
preferable that the boiling point difference between the
first refrigerant and the second refrigerant is at least 10°C
to 30°C or more.
[0060] In addition to the boiling point difference de-
scribed above, the density of the liquid phase of the sec-
ond refrigerant is lower than the density of water (liquid
phase). It is preferable that the liquid density of the sec-
ond refrigerant is, for example, approximately 600 to 700
kg/m3.
[0061] In Fig. 2, the saturation temperature of R32 is
indicated by a solid line and the saturation temperature
of propane is indicated by a dashed line. Referring to
these saturation temperatures, the propane as the sec-
ond refrigerant is higher than R32 as the first refrigerant
in boiling point, which is the temperature at which the
vapor pressure becomes equal to the external pressure.
This is the same for both a low pressure pl and a high
pressure ph defined in the refrigerant system 1.
[0062] In a case where the low pressure pl has a ref-
erence value of 0.5 MPa on the basis of the atmospheric
pressure, the temperature of the gas phase of R32 in a
saturated state is -9.1°C. This temperature is almost
equivalent to the boiling point of R32.
[0063] Likewise, in a case where the low pressure pl
is 0.5 MPa on the basis of the atmospheric pressure, the
temperature of the gas phase of the propane in a satu-
rated state is 8.0°C. This temperature is almost equiva-
lent to the boiling point of the propane.
[0064] The boiling point of R32 is different from the
boiling point of the propane as described above. Accord-
ingly, by the control device (not illustrated) controlling the
internal temperature of the tank 31 to an appropriate tem-
perature, R32, which constitutes the heat source refrig-
erant that has flowed into the direct contact heat exchang-
er 30 at the low pressure pl with the propane and is lower
in boiling point than the propane, can be boiled before
the propane and a part of the propane can be kept in the

7 8 



EP 3 502 587 A1

6

5

10

15

20

25

30

35

40

45

50

55

tank 31 as a liquid phase.
[0065] Specifically, it is possible to control the temper-
ature of the liquid phase portion inside the tank 31 by
controlling the capacity of the heat source cycle 10 by
using a detected temperature while detecting the tem-
perature of the liquid phase portion in the tank 31. It is
also possible to control the temperature of the liquid
phase portion in the tank 31 to a predetermined temper-
ature by using a device such as a chiller transporting
water with a constant temperature. An evaporation tem-
perature ET is set equal to or lower than the temperature
of the cold water that is taken out from the tank 31. In the
tank 31, R32 with the lower boiling point boils first and
the liquid-phase propane stays.
[0066] Next, as illustrated in Fig. 3, the liquid density
of the propane, which is the second refrigerant, is lower
than the liquid density of the water refrigerant.
[0067] The liquid density of the propane in the tank 31
is approximately 518 kg/m3 when the internal tempera-
ture of the tank 31 is controlled to 10°C, which is slightly
higher than the boiling point of the propane, with the in-
ternal pressure of the tank 31 having a reference value
of 0.5 MPa on the basis of the atmospheric pressure.
The liquid density of water is approximately 1,000 kg/m3
in the temperature range illustrated in Fig. 3, and thus
the liquid density of the propane is lower than the liquid
density of water.
[0068] As illustrated in Fig. 3, the liquid density of R32
is close to the liquid density of water.
[0069] The liquid phase of the propane floats above
the water that is stored in the tank 31 owing to the liquid
density difference between the water and the propane.
[0070] The action of the cooling operation (cooling) that
is performed by the refrigerant system 1 will be described
below.
[0071] The refrigerant system 1 circulates the heat
source refrigerant with the heat source cycle 10 by op-
erating the compressor 11 and circulates the water re-
frigerant to the heat transport loop 20 by operating the
pump 22.
[0072] The heat source refrigerant is compressed by
the compressor 11 of the heat source cycle 10, and the
heat source refrigerant is condensed by heat exchange
with outside air by the outdoor heat exchanger 12 under
a high-pressure condition based on the high pressure ph
and decompressed by the decompression unit 13. Then,
the low-temperature and low-pressure heat source re-
frigerant flows into the direct contact heat exchanger 30.
The temperature of the heat source refrigerant flowing
into the tank 31 from the heat source refrigerant inlet 321
of the direct contact heat exchanger 30 is sufficiently low-
er than the temperature of the water refrigerant stored in
the tank 31 of the direct contact heat exchanger 30.
[0073] In the tank 31, cold water obtained from direct
contact between the low-temperature and low-pressure
heat source refrigerant and the water refrigerant is sup-
plied indoors by the heat transport loop 20. As a result,
indoor air is cooled.

[0074] The control device (not illustrated) provided in
the refrigerant system 1 controls the internal temperature
of the outdoor heat exchanger 12 to a predetermined
condensation temperature and controls the internal tem-
perature of the tank 31 of the direct contact heat exchang-
er 30 to the predetermined evaporation temperature ET.
[0075] The control device puts the inside of the tank
31 under a low-pressure condition based on the low pres-
sure pl. The evaporation temperature ET is set to a tem-
perature (such as 10°C) slightly higher than the boiling
point of the propane corresponding to the internal pres-
sure of the tank 31.
[0076] R32, which constitutes the heat source refrig-
erant that has flowed into the tank 31 from the heat source
refrigerant inlet 321 with the propane, has a boiling point
of -9.1°C, and is lower in boiling point than the propane,
immediately boils and gasifies under the atmosphere in-
side the tank 31, is turned into bubbles, and floats in the
water. By latent heat being generated with the liquid-to-
gas phase transition of R32 and R32 sufficiently coming
into contact with the water refrigerant during the bubble
generation and floating, the heat transfer between R32
and the water refrigerant is promoted and the water re-
frigerant is cooled.
[0077] It is also possible to dispose a member hit by
the flow of the heat source refrigerant that has flowed in
from the heat source refrigerant inlet 321 inside the tank
31 so that R32 and the water refrigerant more sufficiently
come into contact with each other. The heat source re-
frigerant inlet 321 can be provided at an appropriate po-
sition, such as a side wall of the tank 31, not limited to
the bottom portion of the tank 31.
[0078] After the gasification, R32 flows to the outside
of the tank 31 through the heat source refrigerant outlet
322 from the space above the liquid surface inside the
tank 31. Then, R32 is suctioned to the compressor 11.
[0079] The propane that has flowed into the tank 31
with R32 shows a behavior different from that of R32 in
the tank 31 based on the physical properties of the pro-
pane.
[0080] In the tank 31, the propane, which has a boiling
point of 8.0°C and is higher in boiling point than R32,
boils after the boiling of R32, which is lower in boiling
point than the propane. In addition, the propane slowly
gasifies and a part of the propane remains in the tank 31
as a liquid phase.
[0081] When the propane partially remains in the tank
31 in the liquid phase, the ratio of the propane in the
circulation amount of the heat source refrigerant decreas-
es as compared with the sealing ratio in the heat source
cycle 10, and the ratio of R32 in the circulation amount
of the heat source refrigerant rises to the same extent.
The performance of the refrigerant system 1 is improved
as the refrigerant system 1 is operated in a state where
R32, which is higher in cycle efficiency than propane,
has a high ratio.
[0082] The gas phase of the propane sufficiently
comes into contact with the water refrigerant while the
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latent heat is generated during the phase transition and
the bubble generation and floating occur. Accordingly,
the gas phase contributes to the cooling of the water re-
frigerant.
[0083] Likewise, the liquid phase of the propane is
mixed with the liquid-phase water refrigerant and suffi-
ciently comes into contact with the water refrigerant. As
a result, the liquid phase contributes to the cooling of the
water refrigerant.
[0084] Along with the gas phase of R32, the gas phase
of the propane flows out from the inner upper portion of
the tank 31 to the heat source cycle 10 through the heat
source refrigerant outlet 322.
[0085] The water refrigerant cooled as a result of heat
exchange with R32 and the propane flows to the outside
of the tank 31 through the water outlet 332 and is pumped
to the pipe of the heat transport loop 20 by the pump 22.
The cold water that has flowed into the indoor heat ex-
changer 21 exchanges heat with the air suctioned to the
indoor heat exchanger 21. The air cooled as a result is
blown indoors.
[0086] As described above, the propane, which re-
mains in the tank 31 as a liquid phase since the boiling
point of the propane is higher than the boiling point of
R32, is lower in liquid density than water. Accordingly,
the propane floats above the water refrigerant stored in
the tank 31. Since the liquid phase of the propane is
present on the liquid surface, the water refrigerant is cov-
ered with the liquid phase of the propane. Accordingly,
even if the liquid phase of the propane is lifted in the flow
of the gas of R32 and the gas of the propane flowing out
from the heat source refrigerant outlet 322, it is possible
to prevent the water refrigerant from being lifted and flow-
ing out to the heat source cycle 10.
[0087] If R32 alone is used as the heat source refrig-
erant, the water refrigerant in the tank 31 may be lifted
by the gas flow and the heat source refrigerant circulating
through the heat source cycle 10 may be contaminated
with water exceeding an allowance in amount. In the
present embodiment, propane as well as R32 is used as
the heat source refrigerant, and thus it is possible to sup-
press lifting of the water refrigerant and prevent water-
based contamination of the heat source refrigerant cir-
culating through the heat source cycle 10. The direct con-
tact heat exchanger 30 of the present embodiment has
a function to prevent water refrigerant-based heat source
refrigerant contamination with R32 and the water refrig-
erant sufficiently separated from each other by the liquid
phase of propane interposed between the gas phase of
R32 and the water refrigerant. Accordingly, there is no
need to take a measure such as taking out the gas of the
heat source refrigerant from the inside of the tank 31 and
transferring the gas to a tank performing decompression
to a pressure suitable for separation between the gas of
the heat source refrigerant and the water refrigerant in
the gas.
[0088] According to the present embodiment, the heat
source refrigerant circulating through the heat source cy-

cle 10 owing to the presence of the liquid phase of the
propane in the tank 31 while the heat source refrigerant
and the water refrigerant are in direct contact with each
other in the tank 31 is not limited and contains no water.
[0089] The refrigerant system 1 of the present embod-
iment provided with the direct contact heat exchanger 30
cooling the water refrigerant uses the first refrigerant
(such as R32) and the second refrigerant (such as the
propane) as the heat source refrigerants circulating
through the heat source cycle 10. The first refrigerant
involves latent heat and plays a central role in cooling
the water refrigerant. The second refrigerant is higher in
boiling point than the first refrigerant and lower in liquid
density than the water refrigerant. By using the two types
of refrigerants, it is possible to achieve GWP reduction
while ensuring cycle efficiency more easily than in a case
where one type of refrigerant (such as R32) is used alone.
In addition, it is possible to obtain a high heat exchange
performance unique to direct contact heat exchange from
behaviors respectively based on the physical properties
of the first and second refrigerants and it is possible to
suppress water-based contamination of the heat source
refrigerant circulating through the heat source cycle 10
as much as possible. Accordingly, it is possible to allow
the heat source cycle 10, eventually the entire refrigerant
system 1, to sufficiently function by avoiding problems
attributable to water-based contamination such as com-
ponent malfunction and lubricant degradation.
[0090] The evaporation temperature ET is appropriate-
ly determined in view of, for example, the efficiency of
heat exchange by the direct contact heat exchanger 30
and the amount of the liquid phase of propane required
for preventing the heat source cycle 10 from being con-
taminated with water. As a result, it is possible to adjust
the amount of the liquid-phase propane that remains in
the tank 31.
[0091] For example, only R32 boils and the propane
does not boil in the tank 31 when the evaporation tem-
perature ET is set to a temperature (such as 5°C) be-
tween the boiling point of R32 and the boiling point of the
propane. In this case, most of the propane remains in
the tank 31 except for the liquid phase of the propane
lifted by the gas of R32 and flowing out. Accordingly, it
is possible to more sufficiently prevent lifting of the water
refrigerant with the thick liquid film of the propane. Also,
since most of the propane remains in the tank 31, only
R32 mainly circulates through the heat source cycle 10,
and thus the cycle efficiency can be improved.
[0092] Depending on operation situations of the refrig-
erant system 1, it is also possible to variably control the
evaporation temperature ET within a predetermined tem-
perature range with the control device.

[Second Embodiment]

[0093] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 4. The
same reference numerals are given to the same config-

11 12 



EP 3 502 587 A1

8

5

10

15

20

25

30

35

40

45

50

55

urations as in the first embodiment.
[0094] As in the case of the refrigerant system 1 de-
scribed above, a refrigerant system 2 of the second em-
bodiment illustrated in Fig. 4 is provided with the heat
source cycle 10 in which the heat source cycle refrigerant
is circulated, the heat transport loop 20 in which the liquid-
phase transport refrigerant is circulated, the direct con-
tact heat exchanger 30, and the control device (not illus-
trated).
[0095] In the heat source cycle 10, the first refrigerant
and the second refrigerant are sealed at a predetermined
sealing ratio as the heat source refrigerants.
[0096] The following description focuses on differenc-
es between the first and second embodiments.
[0097] The refrigerant system 2 of the second embod-
iment has a heating function whereas the refrigerant sys-
tem 1 of the first embodiment has a cooling function. In
the second embodiment, the heat source refrigerant
flows through the heat source cycle 10 in the direction
that is opposite to the direction according to the first em-
bodiment. In other words, the heat source refrigerant dis-
charged from the compressor 11 flows into the tank 31
of the direct contact heat exchanger 30. The water re-
frigerant as the transport refrigerant is stored in the tank
31.
[0098] In the direct contact heat exchanger 30 of the
refrigerant system 2 of the second embodiment that is
under a predetermined high-pressure condition and a
temperature condition corresponding thereto, the heat
source refrigerant and the water refrigerant are in direct
contact with each other, heat is transferred to the water
refrigerant via the liquid-phase second refrigerant mainly
from the gas-phase first refrigerant rather than the sec-
ond refrigerant with the first refrigerant and the second
refrigerant constituting the heat source refrigerants, and
the water refrigerant is heated as a result. Most of the
second refrigerant remains in the tank 31 in a liquid-
phase state, and mainly the gas phase of the first refrig-
erant circulates through the heat source cycle 10.
[0099] A check valve 15 is provided between the com-
pressor 11 and the direct contact heat exchanger 30. The
check valve 15 regulates the direction in which the heat
source refrigerant flows in one direction from the com-
pressor 11 to the direct contact heat exchanger 30.
[0100] The heat source cycle 10 is provided with a heat
exchanger 16 in addition to the compressor 11, the out-
door heat exchanger 12, the decompression unit 13, and
the direct contact heat exchanger 30. The heat exchang-
er 16 condenses the gas phase of the heat source refrig-
erant taken out from the tank 31 of the direct contact heat
exchanger 30 by means of heat exchange with outside
air. The heat exchanger 16 brings the gas phase of the
heat source refrigerant and the outside air into indirect
contact with each other via a tube or the like.
[0101] Check valves 17 and 18 are provided between
the tank 31 and the heat exchanger 16 and between the
heat exchanger 16 and the decompression unit 13. The
check valves 17 and 18 regulate the direction in which

the heat source refrigerant flows in one direction from
the tank 31 to the decompression unit 13 through the
heat exchanger 16.
[0102] The gas phase of the heat source refrigerant
flows into the tank 31 from a heat source refrigerant inlet
341 positioned in the upper portion of the tank 31. The
heat source refrigerant flows out toward the heat ex-
changer 16 from a heat source refrigerant outlet 342 sep-
arated from the heat source refrigerant inlet 341.
[0103] A pipe may be provided from the upper portion
of the tank 31 to the vicinity of the liquid surface and the
gas phase of the heat source refrigerant may flow in from
the tip of the pipe.
[0104] The heat source refrigerant inlet 341 may be
disposed at a position other than the upper portion of the
tank 31. Examples of the position include the bottom por-
tion of the tank 31.
[0105] The heat exchanger 16 can be incorporated in
the unit of the outdoor unit 1A with the outdoor heat ex-
changer 12. In that case, it is preferable that the heat
exchanger 16 is disposed on the inner peripheral side of
the outdoor heat exchanger 12 disposed so as to sur-
round a fan in the unit. Then, air suctioned to the heat
exchanger 16 by the fan and raised in temperature by
passing through the heat exchanger 16 flows into the
outdoor heat exchanger 12, and thus it is possible to pre-
vent a tube or a fin of the outdoor heat exchanger 12 from
undergoing frost formation.
[0106] From the respective physical properties of the
three types of refrigerants used in the refrigerant system
2 of the second embodiment, the following relationship
is established inside the tank 31 of the direct contact heat
exchanger 30 as in the case of the first embodiment.
[0107] The boiling point of the second refrigerant is
higher than the boiling point of the first refrigerant. The
density of the liquid phase of the second refrigerant is
lower than the density of water (liquid phase).
[0108] Also in the second embodiment, R32 is used
as the first refrigerant and propane, which is an HC-based
refrigerant, is used as the second embodiment.
[0109] Referring to Fig. 2, in a case where the high
pressure ph has a reference value of 2.0 MPa on the
basis of the atmospheric pressure, the temperature of
the gas phase of R32 in a saturated state is 33.4°C. This
temperature is almost equivalent to the boiling point of
R32.
[0110] Likewise, in a case where the high pressure ph
is 2.0 MPa on the basis of the atmospheric pressure, the
temperature of the gas phase of the propane in a satu-
rated state is 59.6°C. This temperature is almost equiv-
alent to the boiling point of the propane.
[0111] Referring to Fig. 3, the liquid density of the pro-
pane in the tank 31 is approximately 429 kg/m3 when
the internal temperature of the tank 31 is controlled to
45°C, which is a temperature between the boiling point
of the propane and the boiling point of R32, with the in-
ternal pressure of the tank 31 having a reference value
of 2.0 MPa on the basis of the atmospheric pressure.
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The liquid density of the propane is lower than the liquid
density of water.
[0112] The action of the heating operation (heating)
that is performed by the refrigerant system 2 will be de-
scribed below.
[0113] The control device (not illustrated) controls the
internal temperature of the outdoor heat exchanger 12
to a predetermined evaporation temperature and con-
trols the internal temperature of the tank 31 of the direct
contact heat exchanger 30 to a predetermined conden-
sation temperature CT. It is preferable that the control
device controls the internal temperature of the heat ex-
changer 16 to a predetermined condensation tempera-
ture as well.
[0114] As in the case of the cooling operation, in the
temperature control during the heating operation, it is
possible to control the temperature of the liquid phase
portion inside the tank 31 to a predetermined temperature
by controlling the capacity of the heat source cycle 10 by
using the detected temperature of the liquid phase por-
tion in the tank 31. The condensation temperature CT is
set equal to or higher than the temperature of the hot
water that is taken out from the tank 31, the propane
condenses in the tank 31, and R32 with the lower boiling
point dominates the gas phase.
[0115] The refrigerant system 2 circulates the heat
source refrigerant with the heat source cycle 10 by op-
erating the compressor 11 and circulates the water re-
frigerant to the heat transport loop 20 by operating the
pump 22.
[0116] The heat source refrigerant discharged from the
compressor 11 of the heat source cycle 10 flows into the
tank 31 of the direct contact heat exchanger 30 that is
under a high-pressure condition based on the high pres-
sure ph.
[0117] The control device puts the inside of the tank
31 under a high-pressure condition based on the high
pressure ph. The condensation temperature CT is set to
a temperature (such as 45°C) higher than the boiling point
of R32 corresponding to the internal pressure of the tank
31 and lower than the boiling point of the propane corre-
sponding to the same internal pressure of the tank 31.
[0118] The heat source refrigerant discharged from the
compressor 11 is pushed into the tank 31 through the
check valve 14. In the tank 31, the boiling point of the
propane (59.6°C) is higher than the condensation tem-
perature CT, and thus the propane is condensed on a
gas-liquid interface. The propane accumulates in the tank
31 as a supercooled liquid. R32 does not condense in
tank 31. The gas phase of the heat source refrigerant
that is present above the liquid surface is taken out from
the heat source refrigerant outlet 342 to the outside of
the tank 31 and flows into the heat exchanger 16 through
the check valve 17. R32, which did not condense in the
tank 31, is also liquefied by the heat exchanger 16, and
R32 flows into the outdoor heat exchanger 12 via the
decompression unit 13. During the heating operation, the
outdoor heat exchanger 12 functions as an evaporator.

When the heat exchanger 16 is disposed on the inner
peripheral side of the outdoor heat exchanger 12 as de-
scribed above, outside air absorbs the heat of the heat
source refrigerant in the heat exchanger 16. Accordingly,
an effect as if the outside air temperature rose is obtained,
and frost formation on the outdoor heat exchanger 12
can be suppressed.
[0119] In the direct contact heat exchanger 30, the liq-
uid density of the propane is lower than the liquid density
of water, and thus the liquid phase of the propane is
present on the liquid surface in the tank 31. In the second
embodiment, the heat of the gas phase of the first refrig-
erant (R32) that is present above the liquid surface is
transmitted to the liquid phase of the second refrigerant
(propane), and the water refrigerant is heated by the heat
being transmitted to the water refrigerant via the second
refrigerant while the water surface is covered with the
second refrigerant that is present on the liquid surface.
As a result, lifting of the water refrigerant is prevented.
Even if the liquid phase of the propane is lifted in the flow
of the gas above the liquid surface flowing out from the
heat source refrigerant outlet 342, it is possible to prevent
the water refrigerant from being lifted and flowing out to
the heat source cycle 10.
[0120] The propane that has flowed into the tank 31
from the heat source refrigerant inlet 341 and condensed
exchanges heat with the water in the tank 31 while being
mixed with the water.
[0121] With the second embodiment, it is possible to
contribute to heat transfer promotion by means of the
latent heat that results from propane condensation and
the sufficient water-propane contact during the water-
propane mixing.
[0122] It is possible to heat indoor air by supplying in-
doors the hot water obtained in the tank 31 by means of
the heat transport loop 20.
[0123] As described above, the direct contact heat ex-
changer 30 of the second embodiment has a function to
prevent water refrigerant-based heat source refrigerant
contamination by condensing only propane, allowing the
liquid phase of the propane to be interposed between the
gas phase of R32 and the water refrigerant, and suffi-
ciently separating R32 and the water refrigerant from
each other. Accordingly, the heat source refrigerant cir-
culating through the heat source cycle 10 owing to the
presence of the liquid phase of the propane in the tank
31 is not limited and contains no water.

[Third Embodiment]

[0124] Next, a third embodiment of the present inven-
tion will be briefly described with reference to Figs. 5 and
6. The same reference numerals are given to the same
configurations as in the first embodiment.
[0125] A refrigerant system 3 of the third embodiment
has both a cooling function and a heating function and
is a heating-cum-cooling air conditioner.
[0126] The refrigerant system 3 of the third embodi-
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ment is provided with the heat source cycle 10 in which
the heat source cycle refrigerant is circulated, the heat
transport loop 20 in which the liquid-phase transport re-
frigerant is circulated, the direct contact heat exchanger
30, the heat exchanger 16, a direction switching unit 19
switching the direction in which the heat source refriger-
ant flows through the heat source cycle 10, and the check
valves 14, 17, and 18. The direction switching unit 19 is,
for example, a four-way valve.
[0127] As illustrated in Fig. 5, during the cooling oper-
ation (cooling), the direction switching unit 19 causes the
heat source refrigerant to flow through the heat source
cycle 10 in the direction in which the heat source refrig-
erant that has passed through the decompression unit
13 flows into the direct contact heat exchanger 30. At this
time, in the heat source cycle 10, the heat source refrig-
erant flows through the solid-line passage in Fig. 5 in the
direction indicated by the arrow in Fig. 5. During the cool-
ing operation, the heat source refrigerant does not flow
through the dashed-line passage in Fig. 5 owing to the
relationship between a pressure gradient and the direc-
tions of the check valves 17 and 18.
[0128] The solid-line passage of the heat source cycle
10 in Fig. 5 is the same as the heat source cycle 10 of
the refrigerant system 1 of the first embodiment illustrated
in Fig. 1. Accordingly, during the cooling operation, the
refrigerant system 3 functions in the same manner as the
refrigerant system 1 of the first embodiment.
[0129] As illustrated in Fig. 6, during the heating oper-
ation (heating), the direction switching unit 19 causes the
heat source refrigerant to flow through the heat source
cycle 10 in the direction in which the heat source refrig-
erant discharged from the compressor 11 flows into the
direct contact heat exchanger 30. At this time, in the heat
source cycle 10, the heat source refrigerant flows through
the solid-line passage in Fig. 6 in the direction indicated
by the arrow in Fig. 6. During the cooling operation, the
heat source refrigerant does not flow through the dashed-
line passage in Fig. 6 owing to the relationship between
the direction of the check valve 14 and the pressure gra-
dients in front thereof and therebehind.
[0130] The solid-line passage of the heat source cycle
10 in Fig. 6 is the same as the heat source cycle 10 of
the refrigerant system 2 of the second embodiment illus-
trated in Fig. 4. Accordingly, during the heating operation,
the refrigerant system 3 functions in the same manner
as the refrigerant system 2 of the second embodiment.
[0131] The configurations described in the above em-
bodiments can be selected or appropriately changed to
other configurations without departing from the gist of the
present invention.

Reference Signs List

[0132]

1, 2, 3 Refrigerant system
1A Outdoor unit

1B Indoor unit
10 Heat source cycle
11 Compressor
12 Outdoor heat exchanger
13 Decompression unit
14, 17, 18 Check valve
16 Heat exchanger
19 Direction switching unit
20 Heat transport loop
21 Indoor heat exchanger
22 Pump
30 Direct contact heat exchanger
31 Tank
321 Heat source refrigerant inlet
322 Heat source refrigerant outlet
331 Water inlet
332 Water outlet
341 Heat source refrigerant inlet
342 Heat source refrigerant outlet
ph High pressure
pl Low pressure

Claims

1. A refrigerant system comprising:

a heat source cycle having a compressor, a heat
exchanger, and a decompression unit;
a heat transport loop circulating a liquid-phase
transport refrigerant transporting heat toward a
heat load; and
a direct contact heat exchanger allowing direct
contact between the transport refrigerant and a
heat source refrigerant sealed in the heat source
cycle,
wherein a second refrigerant is sealed in the
heat source cycle in addition to a first refrigerant
as the heat source refrigerant, and
in the direct contact heat exchanger, into which
the heat source refrigerant passing through the
decompression unit flows,
of the first refrigerant and the second refrigerant
which has a higher boiling point than that of the
first refrigerant, at least the first refrigerant boils
and a density of a liquid phase of the second
refrigerant is lower than a density of the transport
refrigerant.

2.  A refrigerant system comprising:

a heat source cycle having a compressor, a heat
exchanger, and a decompression unit;
a heat transport loop circulating a liquid-phase
transport refrigerant transporting heat toward a
heat load; and
a direct contact heat exchanger allowing direct
contact between the transport refrigerant and a
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heat source refrigerant sealed in the heat source
cycle,
wherein a second refrigerant is sealed in the
heat source cycle in addition to a first refrigerant
as the heat source refrigerant and the heat
source cycle includes a heat exchanger con-
densing a gas phase of the heat source refrig-
erant taken out from the direct contact heat ex-
changer, and
in the direct contact heat exchanger, into which
the first refrigerant discharged from the com-
pressor flows,
of the first refrigerant and the second refrigerant
which has a higher boiling point than that of the
first refrigerant, the second refrigerant condens-
es and a density of a liquid phase of the second
refrigerant is lower than a density of the transport
refrigerant.

3. A refrigerant system comprising:

a heat source cycle having a compressor, a heat
exchanger, and a decompression unit;
a heat transport loop circulating a liquid-phase
transport refrigerant transporting heat toward a
heat load;
a direct contact heat exchanger allowing direct
contact between the transport refrigerant and a
heat source refrigerant sealed in the heat source
cycle; and
a direction switching unit switching a direction
in which the heat source refrigerant flows
through the heat source cycle,
wherein a second refrigerant is sealed in the
heat source cycle in addition to a first refrigerant
as the heat source refrigerant and the heat
source cycle includes a heat exchanger con-
densing a gas phase of the heat source refrig-
erant taken out from the direct contact heat ex-
changer,
in the direct contact heat exchanger, into which
the heat source refrigerant passing through the
decompression unit flows,
of the first refrigerant and the second refrigerant
which has a higher boiling point than that of the
first refrigerant, the first refrigerant boils and a
density of a liquid phase of the second refriger-
ant is lower than a density of the transport re-
frigerant, and
in the direct contact heat exchanger, into which
the first refrigerant discharged from the com-
pressor flows,
of the first refrigerant and the second refrigerant
which has a higher boiling point than that of the
first refrigerant, at least the second refrigerant
condenses and the density of the liquid phase
of the second refrigerant is lower than the den-
sity of the transport refrigerant.

4. The refrigerant system according to any one of
Claims 1 to 3,
wherein the transport refrigerant is water, and
the second refrigerant is a hydrocarbon-based re-
frigerant.

5. A refrigerant system control method for controlling a
refrigerant system including a heat source cycle hav-
ing a compressor, a heat exchanger, and a decom-
pression unit, a heat transport loop circulating a liq-
uid-phase transport refrigerant transporting heat to-
ward a heat load, and a direct contact heat exchang-
er allowing direct contact between the transport re-
frigerant and a heat source refrigerant sealed in the
heat source cycle, the method comprising:

using a second refrigerant having a liquid den-
sity lower than a density of the transport refrig-
erant in addition to a first refrigerant as the heat
source refrigerant sealed in the heat source cy-
cle; and
in the direct contact heat exchanger, into which
the heat source refrigerant passing through the
decompression unit flows,
controlling an internal temperature of the direct
contact heat exchanger to an evaporation tem-
perature higher than a boiling point of the first
refrigerant and a boiling point of the second re-
frigerant such that of the first refrigerant and the
second refrigerant which has a higher boiling
point than that of the first refrigerant, at least the
first refrigerant boils.

6. A refrigerant system control method for controlling a
refrigerant system including a heat source cycle hav-
ing a compressor, a heat exchanger, and a decom-
pression unit, a heat transport loop circulating a liq-
uid-phase transport refrigerant transporting heat to-
ward a heat load, and a direct contact heat exchang-
er allowing direct contact between the transport re-
frigerant and a heat source refrigerant sealed in the
heat source cycle, the method comprising:

using a second refrigerant having a liquid den-
sity lower than a density of the transport refrig-
erant in addition to a first refrigerant as the heat
source refrigerant sealed in the heat source cy-
cle; and
in the direct contact heat exchanger, into which
the first refrigerant discharged from the com-
pressor flows,
controlling an internal temperature of the direct
contact heat exchanger to a condensation tem-
perature between a boiling point of the first re-
frigerant and a boiling point of the second refrig-
erant such that of the first refrigerant and the
second refrigerant which has a higher boiling
point than that of the first refrigerant, the second
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refrigerant condenses.
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