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Description

Title of Invention: HEAT PUMP SYSTEM AND COOLING
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GENERATION METHOD
Technical Field

Technology disclosed herein relates to a heat pump system and a cooling generation
method.

Background Art

Patent Literature 1 describes a vehicle air-conditioning system configured including
an expansion valve that expands condensed refrigerant, an evaporator that evaporates
the expanded refrigerant by heat exchange with air, and a compressor that compresses
the refrigerant when in an evaporated gaseous state, respectively coupled together

through a refrigerant line.
Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-Open (JP-A) No. 2014-76792

Heat pump systems that generate cooling do so through the evaporation of refrigerant
in an evaporator; this cooling is caused to act on a cooling target so as to cool the

cooling target.
Summary of Invention

Technical Problem

There are limits to the generation efficiency of cooling when cooling generation uses
refrigerant evaporation alone.

An embodiment of the present invention has been suggested in consideration of such
a situation, and provides a heat pump system and a cooling generation method capable
of performing efficient cooling generation.
Solution to Problem

A heat pump system of a first aspect includes: an evaporator that cools a cooling
target by evaporation of a refrigerant; a compressor that compresses the refrigerant in a
gaseous phase; and an adsorption device at which the refrigerant evaporated at the
evaporator is adsorbed, and that cools the cooling target by desorption of the re-
frigerant by movement of the refrigerant toward the compressor.

In this heat pump system, the refrigerant is evaporated at the evaporator, and the
cooling target is cooled by latent heat of evaporation.

The refrigerant evaporated at the evaporator is adsorbed in the adsorption device. The

refrigerant adsorbed in the adsorption device moves toward the compressor and the re-
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frigerant is desorbed from the adsorption device because of compression of the re-
frigerant by the compressor. In the compressor, the cooling target is cooled by
desorption heat of the refrigerant.

In this manner, not only is the refrigerant cooled by evaporation of the refrigerant in
the evaporator, but also by desorption of the refrigerant from the adsorption device,
thereby enabling efficient cooling generation to be performed.

A second aspect is the first aspect, further including a condenser that condenses the
refrigerant compressed by the compressor, and an expander that cause the refrigerant
condensed by the condenser to expand and conveys the refrigerant to the evaporator.

Accordingly, the refrigerant compressed by the compressor can be condensed into
liquid by the condenser. The expander expands the refrigerant condensed into liquid
and conveys the refrigerant to the evaporator. In this manner, the refrigerant is
circulated, enabling the evaporator and the adsorption device to be employed in
cooling generation.

A third aspect is the first aspect or the second aspect, wherein plural of adsorption
devices are disposed in parallel, with respect to a movement direction of the re-
frigerant, between the evaporator and the compressor.

Accordingly, refrigerant can be adsorbed in at least one of the plural adsorption
devices, and refrigerant can be desorbed in at least one other of the adsorption devices.
Considering the plural adsorption devices as a whole, continuous operation is possible,
thereby enabling continuous or long-term cooling generation by the heat pump system.

A fourth aspect is the third aspect, wherein the cooling target flows through, and is
cooled by, the evaporator and an adsorption device, among the plural adsorption
devices, at which refrigerant is desorbed.

The cooling target is cooled by the adsorption device where adsorbed refrigerant is
desorbed, and is further cooled by the evaporator. This enables the cooling target to be
continuously cooled by the adsorption device and the evaporator.

A fifth aspect is any one of the first aspect to the fourth aspect, wherein the re-
frigerant is desorbed using the compressor, from an adsorption device, among the
plurality of adsorption devices, that has already adsorbed the refrigerant evaporated at
the evaporator.

In this manner, the plural adsorption devices can be operated to switch alternately
such that refrigerant is desorbed from the adsorption device that is not adsorbing the
refrigerant. This enables continuous operation when considering the plural adsorption
devices as a whole.

A sixth aspect is any one of the first aspect to the fifth aspect, wherein the adsorption
device adsorbs the refrigerant at a saturated vapor pressure of the refrigerant in the

evaporator.
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Namely, when the pressure of the refrigerant reaches the saturated vapor pressure at a
specific temperature of the evaporator, refrigerant can be reliably adsorbed in the ad-

sorption device.
A seventh aspect is a cooling generation method including: generating cooling by

evaporating refrigerant using an evaporator; and generating cooling by desorbing,
using a compressor, the refrigerant from an adsorption device that has already
adsorbed the refrigerant evaporated at the evaporator.

Not only is cooling generated by evaporating refrigerant in the evaporator, but
cooling is also generated by using the compressor to compress the refrigerant adsorbed
in the adsorption device. This enables efficient cooling generation to be performed.

An eighth aspect is the seventh aspect, further including: providing plural of the ad-
sorption devices; and while the refrigerant evaporated at the evaporator is being
absorbed in at least one of the adsorption devices, using the compressor to desorb the
refrigerant from at least another one of the adsorption devices.

Namely, the refrigerant can be adsorbed in at least one of the plural adsorption
devices, and refrigerant can be desorbed in at least another one of the plural adsorption
devices. Considering the plural adsorption devices as a whole, continuous or long-term

cooling generation is possible.
Advantageous Effects of Invention

According to an embodiment of the invention, it is possible to perform efficient
cooling generation.
Brief Description of Drawings
[fig.1]Fig. 1 is a schematic diagram illustrating a configuration of a heat pump system
of a first exemplary embodiment.
[fig.2]Fig. 2 is a schematic diagram illustrating operation of a heat pump system of the
first exemplary embodiment.
[fig.3]Fig. 3 is a schematic diagram illustrating operation of a heat pump system of the
first exemplary embodiment.
[fig.4]Fig. 4 is a schematic diagram illustrating configuration of a heat pump system of
a comparative example.
[fig.5]Fig. 5 is a graph illustrating an example of a refrigerant cooling generation cycle
of a heat pump system of a comparative example as a pressure-enthalpy diagram.
[fig.6]Fig. 6 is a graph illustrating an example of a refrigerant cooling generation cycle
of a heat pump system of the first exemplary embodiment as a pressure-enthalpy
diagram.
[fig.7]Fig. 7 is a graph illustrating an example of an adsorption isotherm of an

adsorbent in a heat pump system of the first exemplary embodiment.
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[fig.8]Fig. 8 is a schematic diagram illustrating a configuration of a heat pump system
of a second exemplary embodiment.

[fig.9]Fig. 9 is a schematic diagram illustrating operation of a heat pump system of the
second exemplary embodiment.

[fig.10]Fig. 10 is a schematic diagram illustrating operation of a heat pump system of
the second exemplary embodiment.

[fig.11]Fig. 11 is a graph illustrating an example of a refrigerant cooling generation
cycle of a heat pump system of the second exemplary embodiment as a pressure-
enthalpy diagram.

[fig.12]Fig. 12 is a graph illustrating an example of an adsorption isotherm of an
adsorbent in a heat pump system of the second exemplary embodiment.

[fig.13]Fig. 13 is a graph illustrating an example of an adsorption isotherm of an
adsorbent in a heat pump system of the second exemplary embodiment.
Description of Embodiments

As illustrated in Fig. 1, a heat pump system 112 of a first exemplary embodiment
according to the technique of the present disclosure includes an evaporator 114, an ad-
sorption device 116, a compressor 118, a condenser 120, and an expander 122. These
are connected by refrigerant tubes 124 such that from the evaporator 114, refrigerant
passes (circulates) through the adsorption device 116, the compressor 118, the
condenser 120, and the expander 122 in sequence, before returning to the evaporator
114.

The refrigerant tubes 124 are provided with respective open-close valves 126A, 126B
between the evaporator 114 and the adsorption device 116, and between the adsorption
device 116 and the compressor 118.

An in-cabin unit 128 is connected to the evaporator 114 and the adsorption device
116. The in-cabin unit 128 is connected to the evaporator 114 and the adsorption
device 116 in parallel, through circulation tubes 130. As illustrated in Fig. 2 and Fig. 3,
a cooling target can be circulated between the in-cabin unit 128 and either the
evaporator 114 or the adsorption device 116 by opening and closing open-close valves
126C, 126D, 126E, and 126F.

An external unit 132 is connected to the adsorption device 116 and the condenser
120. The external unit 132 is connected in series with the adsorption device 116 and
the condenser 120 through cooling tubes 134. A cooling medium flows in sequence
from the external unit 132 to the adsorption device 116, and then to the condenser 120
before returning to the external unit 132, thereby enabling heat of the adsorption device
116 and the condenser 120 to be expelled to the outside. The cooling tubes 134 are

provided with an open-close valve 126G, enabling opening and closing of the cooling
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[0031]  Note that in the drawings illustrating operation of the heat pump system (for the first
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exemplary embodiment, Fig. 2 and Fig. 3), valves in an open state are shown in white,
and valves in a closed state are shown in black. Moreover, tubes through which fluid is
flowing are shown thicker than tubes through which fluid is not flowing.

The evaporator 114 cools a cooling target by evaporation of a refrigerant. The
compressor 118 compresses the refrigerant in a gaseous phase. The adsorption device
116 at which the refrigerant evaporated at the evaporator 114 is adsorbed, cools the
cooling target by desorption of the refrigerant due to movement of the refrigerant
toward the compressor. The condenser 120 condenses the refrigerant compressed by
the compressor 118. The expander 122 expands the refrigerant condensed by the
condenser 120 and conveys the refrigerant to the evaporator 114.

In the heat pump system 112 of the first exemplary embodiment, cooling generated
when the refrigerant is evaporated by the evaporator 114 acts on the cooling target,
enabling the cooling target to be cooled. Moreover, cooling generated when adsorbed
refrigerant is desorbed from the adsorption device 116 also acts on the cooling target,
enabling the cooling target to be cooled. Opening and closing the open-close valves
126C, 126D, 126E, and 126F switches the flow path of the cooling target to either the
evaporator 114 side or the adsorption device 116 side, thereby enabling the cooling
target to receive cooling from either the evaporator 114 or the adsorption device 116.

For example, in the state illustrated in Fig. 2, in the refrigerant tubes 124, the open-
close valve 126A is in an open state, and the open-close valve 126B is in a closed state.
As illustrated by the arrow F11, the refrigerant can be made to flow from the
evaporator 114 to the adsorption device 116, but the refrigerant does not flow from the
adsorption device 116 to the compressor 118. In the circulation tubes 130, the open-
close valves 126C, 126D are in an open state, and the open-close valves 126E, 126F
are in a closed state. Accordingly, as illustrated by the arrows F12, the cooling target
flows through the evaporator 114, and cooling generated in the evaporator 114 acts on
the cooling target, thereby cooling the cooling target.

In this state, the open-close valve 126G is in an open state. As illustrated by the
arrow F13, cooling water flows through the adsorption device 116. Adsorption heat
(warm heat) generated in the adsorption device 116 can be made to act on the cooling
water.

In contrast, in the state illustrated in Fig. 3, in the refrigerant tubes 124, the open-
close valve 126A is in a closed state, and the open-close valve 126B is in an open state.
As illustrated by the arrows F14, the refrigerant can be made to flow from the ad-
sorption device 116 to the compressor 118, but the refrigerant does not flow from the

evaporator 114 to the adsorption device 116. Moreover, in the circulation tubes 130,
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the open-close valves 126C, 126D are in a closed state, and the open-close valves
126E, 126F are in an open state. Accordingly, as illustrated by the arrows F15, the
cooling target flows through the adsorption device 116, such that cooling generated in
the adsorption device 116 acts on the cooling target, thereby cooling the cooling target.
The adsorbed refrigerant is desorbed from the adsorption device 116, thereby re-
generating the adsorption device 116.

In this manner, in the heat pump system 112 of the first exemplary embodiment, not
only is cooling generated by latent heat of evaporation in the evaporator 114, but
cooling is also generated by desorption heat in the adsorption device 116. Cooling is
generated in two stages (two processes) in a single refrigerant circulation cycle,
thereby enabling more efficient cooling generation than in a configuration in which
cooling is generated in one stage (one process).

Fig. 4 illustrates a heat pump system 12 of a comparative example. In the heat pump
system 12 of the comparative example, an evaporator 14, a compressor 18, a condenser
20, and an expander 22 are connected by refrigerant tubes 24. However, the heat pump
system 12 of the comparative example does not include an adsorption device. Cir-
culation tubes 30 connect an in-cabin unit 28 to the evaporator 14 alone, and cooling
tubes 34 connect an external unit 32 to the condenser 20 alone. Note that illustration of
the open-close valves on the respective tubes is omitted in Fig. 4.

In the following, conversion efficiency (COP) is considered for the first exemplary
embodiment and the comparative example, for a case in which a hydrofluorocarbon
(R134a) refrigerant is employed. Fig. 5 illustrates the cooling generation cycle of the
comparative example as a pressure-specific enthalpy diagram, and Fig. 6 illustrates the
cooling generation cycle of the first exemplary embodiment as a pressure-specific
enthalpy diagram. Hereafter, specific enthalpy is referred to simply as "enthalpy".

Firstly, in the heat pump system 12 of the comparative example, the evaporation tem-
perature of the refrigerant in the evaporator 14 is 0°C, and the condensation tem-
perature of the refrigerant in the condenser 20 is 45°C. The evaporation of the re-
frigerant in the evaporator 14 corresponds to the change from state 1 to state 2 in the
cooling generation cycle illustrated in Fig. 5. The enthalpy h;, in state 2 is

h, = 400.0 kl/kg

and the enthalpy h; in state 1 is

h; = 262.5 kJ/kg. The cooling q.; generated in this case is therefore

Je1 = h,-h;=137.5 kJ/kg.

The change in state from state 2 to state 3 in the cooling generation cycle illustrated
in Fig. 5 occurs in the compressor 18. The enthalpy h; in state 3 is

h; = 433.0 kl/kg.

The theoretical work L is therefore
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L =h; - h, =33 kJ/kg.

The theoretical conversion efficiency COP of the heat pump system 12 of the com-
parative example is therefore COP = q.,/L. = 3.86.

Next, the cooling generation cycle of the heat pump system 112 of the first
exemplary embodiment is considered. In the heat pump system 112 of the first
exemplary embodiment, the refrigerant evaporates at 0°C in the evaporator 114,
similarly to in the heat pump system 12 of the comparative example. Accordingly, if
configuration is made such that adsorption of refrigerant having a saturated vapor
pressure corresponding to 0°C can be performed at the refrigerant adsorption tem-
perature (here, 45°C) in the adsorption device 116, then evaporation equivalent to that
of the heat pump system 12 of the comparative example can be caused in the
evaporator 114. This corresponds to the change from state 1 to state 2 in the cooling
generation cycle illustrated in Fig. 6; this change is similar to the change from state 1
to state 2 in the heat pump system 12 of the comparative example.

Specifically, the saturated vapor pressure P (0°C) at 0°C is

P (0°C) =293.18 kPa, and

the vapor pressure P (45°C) at 45°C is

P (45°C) = 1158.82 kPa.

Therefore, the relative pressure @2 is

¢2=P(0°C)/ P (45°C) =0.253.

Namely, it can be said that by employing an adsorbent capable of adsorbing the re-
frigerant even at a relative pressure of 0.253, cooling equivalent to the cooling in the
evaporator 14 of the comparative example can be obtained in the evaporator 114 of the
heat pump system 112 of the first exemplary embodiment.

In the heat pump system 112 of the first exemplary embodiment, cooling is also
generated by desorbing refrigerant from the adsorption device 116. As described
above, the adsorbent employed in the adsorption device 116 is an absorbent that
adsorbs the refrigerant at a relative pressure of 0.253 at 0°C. Accordingly, in the ad-
sorption device 116 the refrigerant may be desorbed at a relative pressure of 0.253 or
lower. Taking into account a pressure difference, the following is calculated on the
basis that the refrigerant is desorbed from the adsorption device 116 at a relative
pressure of 0.22. The saturated vapor pressure P (0°C) at 0°C is

P (0°C) = 293.18 kPa, and so the pressure P3 capable of desorbing the refrigerant is

P3 =P (0°C) x 0.22 = 64.5 kPa.

Namely, the refrigerant can be desorbed from the adsorption device 116 if a pressure
of P3 or lower is made to act on the adsorption device 116. In the cooling generation
cycle in Fig. 6, due to adsorption of the refrigerant in the adsorption device 116,

following state 2, a state is reached in which the pressure and enthalpy have dropped.



WO 2017/169511 PCT/JP2017/008546

[0046]

[0047]

[0048]

[0049]

[0050]

State a illustrated in Fig. 6 is an example of such a state in which the pressure and
enthalpy have dropped. Note that the point indicated as state a in Fig. 6 is an ap-
proximation, since in reality the refrigerant is adsorbed by the adsorbent. In the cooling
generation cycle illustrated in Fig. 6, the refrigerant then changes state to a state d
because of desorption in the adsorption device 116.

During desorption of the refrigerant from the adsorption device 116, cooling is
generated by the cooling q.; when the refrigerant evaporates in the evaporator 114
being multiplied by AH,, / AH.,.. Note that AH,, is the heat of adsorption during ad-
sorption in the adsorption device 116, and AH.,. is the latent heat of evaporation when
the refrigerant evaporates in the adsorption device. When activated carbon is employed
as the adsorbent of the adsorption device 116, there is a correlation between the value
of AH,y / AH,,. and the adsorption amount. It is known that for an adsorption amount in
the region of 1.2 kg/kg, this value is approximately 1.6 (see C312-2, collected papers
from the 2015 annual conference of the Japan Society of Refrigerating and Air-
Conditioning Engineers).

In the heat pump system 112 of the first exemplary embodiment, a refrigerant ad-
sorption amount 1.2 kg/kg may be anticipated in the adsorption device 116. Ac-
cordingly, cooling generated during desorption of the refrigerant from the adsorption
device is 1.6 x q.;. Fig. 7 illustrates an example of an adsorption isotherm for an
adsorbent capable of adsorbing the refrigerant at a relative pressure of 0.253 and of
desorbing the refrigerant at a relative pressure of 0.22.

During desorption of the refrigerant from the adsorption device 116, the temperature
of the adsorbent and the refrigerant drops. This drop in temperature results in a
sensible heat loss Q, which does not contribute to cooling of the cooling target. When
1 kg of activated carbon (specific heat: 0.71 kJ/kg/K) is employed as the adsorbent,
and 1 kg of R134a (specific heat: 1.4289 kJ/kg/K) is employed as the refrigerant, then

Q=(0.71x1x45)+(1.4289 x 1 x 45) =96.25 kJ.

In order to desorb the refrigerant from the adsorption device 116, work L2 is required
in order to compress the refrigerant from the pressure P3 capable of desorbing the re-
frigerant, to the pressure P (45°C) at a temperature of 45°C. The work L2 corresponds
to a change from state d to state 3 in the cooling generation cycle illustrated in Fig. 6.
Specifically, the enthalpy h, at state d is

hy =377 kJ/kg, and therefore

L2 =h; - hy=56 kl/kg.

As described above, the conversion efficiency COP of the heat pump system 112 of
the first exemplary embodiment is

COP=(qa+1.6%xqq-Q)/L2=4.67.

Since the COP of the heat pump system 12 of the comparative example is 3.86, the
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cooling generation efficiency is improved by 21%.

Next, explanation follows regarding a second exemplary embodiment. In the second
exemplary embodiment, elements, members, and the like equivalent to those of the
first exemplary embodiment are allocated the same reference numerals, and detailed
explanation thereof is omitted.

As illustrated in Fig. 8, a heat pump system 212 of the second exemplary em-
bodiment includes two adsorption devices 216. When specifically differentiating
between the two adsorption devices 216, they are referred to as adsorption device
216A and adsorption device 216B. Note that in the heat pump system 212 of the
second exemplary embodiment, the two adsorption devices 216 are equivalent in terms
of refrigerant adsorption and desorption capabilities and the like.

The adsorption devices 216A, 216B are disposed in parallel to each other in the
movement direction of the refrigerant from the evaporator 114 to the compressor 118.
Refrigerant tubes 224 of the second exemplary embodiment branch into two between
the evaporator 114 and the adsorption devices 216A, 216B, and merge into one
between the adsorption devices 216A, 216B and the compressor 118. As viewed along
the flow direction of the refrigerant, open-close valves 226A, 226B are provided
upstream of the adsorption devices 216A, 216B, and open-close valves 226C, 226D
are provided downstream of the adsorption devices 216A, 216B.

In the second exemplary embodiment, the adsorption devices 216 and the evaporator
114 are connected to the in-cabin unit 128 through circulation tubes 230. The cir-
culation tubes 230 branch into two between the in-cabin unit 128 and the adsorption
devices 216A, 216B and merge into one between the adsorption devices 216A, 216B
and the evaporator 114. As viewed along the flow direction of the cooling target, open-
close valves 226E, 226F are provided upstream of the adsorption devices 216A, 216B,
and open-close valves 226G, 226H are provided downstream of the adsorption devices
216A, 216B.

In the second exemplary embodiment, the adsorption devices 216 and the condenser
120 are connected to the external unit 132 through cooling water tubes 234. The
cooling water tubes 234 branch into two between the external unit 132 and the ad-
sorption devices 216A, 216B and merge into one between the adsorption devices
216A, 216B and the condenser 120. As viewed along the cooling water flow direction,
open-close valves 226J, 226K are provided upstream of the adsorption devices 216A,
216B, and open-close valves 226L, 226M are provided downstream of the adsorption
devices 216A, 216B.

In the heat pump system 212 of the second exemplary embodiment, the open-close
valves 226A, 226B, 226C, and 226D are opened and closed as appropriate such that

the refrigerant evaporated in the evaporator 114 is adsorbed in either one of the two ad-
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sorption devices 216A, 216B. Moreover, the open-close valves 226E, 226F, 226G,
226H are opened and closed as appropriate so as to enable refrigerant to be desorbed
using the heat of the cooling medium conveyed from the in-cabin unit 128 in order to
regenerate the adsorption device that is not adsorbing the refrigerant.

For example, in the state illustrated in Fig. 9, the open-close valve 226A is in an open
state. As illustrated by the arrow F21, refrigerant flows from the evaporator 114 into
the adsorption device 216A and is adsorbed in the adsorption device 216A. Since the
open-close valve 226C is in a closed state, the refrigerant does not move from the ad-
sorption device 216A to the compressor 118. However, the open-close valve 226F is in
an open state. As illustrated by the arrows F22, the cooling target moves from the in-
cabin unit 128 toward the adsorption device 216B in which the refrigerant is not being
adsorbed, thereby regenerating the adsorption device 216B and cooling the cooling
target.

Moreover, since the open-close valve 226H is also in an open state, the cooling target
also moves to the evaporator 114 and is further cooled before returning to the in-cabin
unit 128. Namely, the cooling target is first subject to cooling in the adsorption device
216B and is then subject to cooling in the evaporator 114.

The open-close valve 226] is in an open state. As illustrated by the arrows F23,
cooling water flows from the external unit 132 toward the adsorption device 216A in
which the refrigerant is being adsorbed, and the cooling water recovers adsorption heat
from the adsorption device 216A. Moreover, since the open-close valve 226L is in an
open state, the cooling water also recovers condensation heat in the condenser 120
before returning to the external unit 132, where heat from the cooling water is released.
Since the open-close valve 226D is in an open state, as illustrated by the arrow F24, the
refrigerant desorbed from the adsorption device 216B moves toward the compressor
118. That is, the refrigerant moves, from the adsorption device 216B that has already
adsorbed the refrigerant evaporated at the evaporator, toward the compressor 118 and
is desorbed using the compressor 118.

In the state illustrated in Fig. 10, the open-close valve 226B is in an open state. As il-
lustrated by the arrow F25, the refrigerant flows from the evaporator 114 into the ad-
sorption device 216B and is adsorbed in the adsorption device 216B. Since the open-
close valve 226D is in a closed state, the refrigerant does not move from the adsorption
device 216B toward the compressor 118. However, the open-close valve 226E is in an
open state. As illustrated by the arrow F26, the cooling target moves from the in-cabin
unit 128 toward the adsorption device 216A in which refrigerant is not being adsorbed,
thereby regenerating the adsorption device 216A and cooling the cooling target.

Moreover, since the open-close valve 226G is also in an open state, the cooling target

moves to the evaporator 114 as well and is further cooled before returning to the in-
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[0064]

[0065]
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cabin unit 128. Namely, the cooling target is first subject to cooling in the adsorption
device 216A and is then subject to cooling in the evaporator 114.

The open-close valve 226K is in an open state. As illustrated by the arrow F27,
cooling water from the external unit 132 flows toward the adsorption device 216B in
which the refrigerant is being adsorbed, and the cooling water recovers adsorption heat
of the adsorption device 216B. Moreover, since the open-close valve 226M is in an
open state, the cooling water also recovers condensation heat in the condenser 120
before returning to the external unit 132 and releasing heat. Since the open-close valve
226C is in an open state, as illustrated by the arrow F28, the refrigerant desorbed from
the adsorption device 216A moves toward the compressor 118.

In this manner, in the heat pump system 212 of the second exemplary embodiment,
the two adsorption devices 216 can be operated so as to switch alternately between an
adsorption state and a desorption state. Since one or other of the adsorption devices
216 is operating as a counterparty to the evaporator 114, the refrigerant can be
evaporated continuously, thereby enabling continuous cooling generation.

Moreover, in this manner, in the heat pump system 212 of the second exemplary em-
bodiment, operation of the two adsorption devices 216 is switched alternately, thereby
enabling the condensation temperature in the condenser 120 to be made lower than in
the heat pump system 112 of the first exemplary embodiment. For example, if the ad-
sorption temperature of the adsorption devices 216 of the second exemplary em-
bodiment is 41.5°C, then

¢2=P(0°C)/ P (41.5°C) =0.33.

Moreover, if the desorption temperature of the adsorption devices 216 is 5.8°C, the
relative pressure for desorbing the refrigerant is

P3/P (5.8°C)=0.182.

Namely, as illustrated in Fig. 12, there is an increase in the relative pressure range for
operating the adsorption devices 216. This thereby increases the types of materials that
can be employed as the adsorbent.

Moreover, in the second exemplary embodiment, a situation is anticipated in which a
pressure P3 for desorbing the refrigerant from the adsorption devices 216 is set at 100
kPa. In such cases, as in the cooling generation cycle illustrated in Fig. 11, the pressure
in state a and state d is 100 kPa, and a lower work L2 is sufficient to compress the re-
frigerant in the compressor 118 (change from state d to state 3).

Specifically, the enthalpy hy in state d of the cooling generation cycle illustrated in
Fig. 11 is

hs = 385 kl/kg,

and so

L2 =h; - hy=48 kl/kg.
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Moreover, the enthalpy change amount from state 1 to state 2 in Fig. 6 and the
enthalpy change amount from state 1 to state 2 in Fig. 11 are equal. Furthermore, the
enthalpy change amount from state a to state d in Fig. 6 and the enthalpy change
amount {rom state a to state d in Fig. 11 are also equal. Namely, cooling equivalent to
that of the heat pump system 112 of the first exemplary embodiment can be obtained in
the heat pump system 212 of the second exemplary embodiment.

In the second exemplary embodiment, the temperature of the adsorption devices 216
changes from 41.5°C to 5.8°C. The change amount is therefore 35.7°C, this being a
smaller change amount than in the first exemplary embodiment. Accordingly, the
sensible heat loss Q in the adsorption devices 216 is reduced. Specifically:

Q=(0.71x1x37.5)+(1.4289 x 1 x 37.5) =80.21 kJ.

Based on the above, when the conversion efficiency COP of the heat pump system
212 of the second exemplary embodiment is calculated,

COP=(qe1 + 1.6 xqe-Q)/L2=5.78.

Namely, in the heat pump system 212 of the second exemplary embodiment, the
cooling generation efficiency is improved by approximately 50% in comparison to the
heat pump system 12 of the comparative example.

The adsorption device according to the technique of the present disclosure is not
limited to a configuration in which an adsorbate is adsorbed and desorbed using an
adsorbent. For example, the adsorption device may be a reaction vessel capable of
reducing the system pressure to the saturated vapor pressure or lower by reacting with
an adsorbate at a pressure of the saturated vapor pressure of the adsorbate or lower.
The "reaction" referred to here encompasses physical adsorption, chemical adsorption,
absorption, chemical reactions, and the like. For example, ammonia may be employed
as the refrigerant, and a chemical heat storage reactor (using CaCl, as a reactant, for
example) may be employed as the adsorption device.

The compressor is preferably a compressor that does not use oil from the perspective
of suppressing any hindrance to adsorption in the adsorption device.

In the second exemplary embodiment above, although the adsorption devices 216A,
216B are illustrated by an example, the technique of the present disclosure is not
limited thereto. For example, three or more adsorption devices may be used. In this
case, while the refrigerant evaporated at the evaporator is being absorbed in at least
one of the adsorption devices, the compressor may be used to desorb the refrigerant
from at least another one of the adsorption devices.

Obviously, various modifications may be implemented within a range not departing
from the spirit of the present invention.

The disclosure of Japanese Patent Application No. 2016-068698, filed March 30,

2016, is incorporated herein by reference in its entirety.
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All publications, patent applications, and technical standards mentioned in this present
specification are herein incorporated by reference to the same extent as if each in-
dividual publication, patent application, or technical standard was specifically and indi-
vidually indicated to be incorporated by reference.
Reference Signs List
[0073] 112 Heat pump system

114 Evaporator

116 Adsorption device

118 Compressor

120 Condenser

122 Expander

124 Refrigerant tube

128 In-cabin unit

130 Circulation tube

132 External unit

134 Cooling tube

212 Heat pump system

216 Adsorption device

224 Refrigerant tube

230 Circulation tube

234 Cooling water tube
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Claims

[Claim 1] A heat pump system, comprising:
an evaporator that cools a cooling target by evaporation of a refrigerant;
a compressor that compresses the refrigerant in a gaseous phase; and
an adsorption device at which the refrigerant evaporated at the
evaporator is adsorbed, and that cools the cooling target by desorption
of the refrigerant by movement of the refrigerant toward the
COmMpIressor.

[Claim 2] The heat pump system of claim 1, further comprising:

a condenser that condenses the refrigerant compressed by the
compressor; and

an expander that causes the refrigerant condensed by the condenser to
expand and conveys the refrigerant to the evaporator.

[Claim 3] The heat pump system of either claim 1 or claim 2, wherein a plurality
of adsorption devices are disposed in parallel, with respect to a
movement direction of the refrigerant, between the evaporator and the
COmMpIressor.

[Claim 4] The heat pump system of claim 3, wherein the cooling target flows
through, and is cooled by, the evaporator and an adsorption device,
among the plurality of adsorption devices, at which refrigerant is
desorbed.

[Claim 5] The heat pump system of claim 4, wherein the refrigerant is desorbed
using the compressor, from an adsorption device, among the plurality
of adsorption devices, that has already adsorbed the refrigerant
evaporated at the evaporator.

[Claim 6] The heat pump system of any one of claim 1 to claim 5, wherein the ad-
sorption device adsorbs the refrigerant at a saturated vapor pressure of
the refrigerant in the evaporator.

[Claim 7] A cooling generation method comprising:
generating cooling by evaporating refrigerant using an evaporator; and
generating cooling by desorbing, using a compressor, the refrigerant
from an adsorption device that has already adsorbed the refrigerant
evaporated at the evaporator.

[Claim 8] The cooling generation method of claim 7, further comprising:
providing a plurality of the adsorption devices; and
while the refrigerant evaporated at the evaporator is being absorbed in

at least one of the adsorption devices, using the compressor to desorb
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the refrigerant from at least another one of the adsorption devices.
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AMENDED CLAIMS
received by the International Bureau on 27 July 2017 (27.07.2017)

[claim 1] (Amended) A heat pump system comprising:
an evaporator that cools a cooling target by evaporation of a
refrigerant;
a compressor that compresses the refrigerant in a gaseous phase; and
an adsorption device at which the refrigerant evaporated at the
evaporator is adsorbed, and that cools the cooling target by desorption
of the refrigerant by movement of the refrigerant toward the
compressor, wherein
the cooling target flows through at least one of the evaporator or the
adsorption device, and
heat generated by cooling is expelled in a case in which the cooling

target flows through the evaporator.

[claim 2] The heat pump system of claim 1, further comprising:
a condenser that condenses the refrigerant compressed by the
compressor; and
an expander that causes the refrigerant condensed by the condenser to

expand and conveys the refrigerant to the evaporator.

[claim 3] The heat pump system of either claim 1 or claim 2, wherein a plurality
of the adsorption devices are disposed in parallel with respect to a
movement direction of the refrigerant, between the evaporator and the

COMpressor.

[claim 4] The heat pump system of claim 3, wherein the cooling target flows
through, and is cooled by, the evaporator and an adsorption device,
among the plurality of adsorption devices, at which refrigerant is

desorbed.

[claim 5] The heat pump system of claim 4, wherein the refrigerant is desorbed

AMENDED SHEET (ARTICLE 19)
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using the compressor, from an adsorption device, among the plurality
of adsorption devices, that has already adsorbed the refrigerant

evaporated at the evaporator.

The heat pump system of any one of claim 1 to claim 5, wherein the
adsorption device adsorbs the refrigerant at a saturated vapor pressure

of the refrigerant in the evaporator.

(Amended) A cooling generation method comprising:

generating cooling by evaporating refrigerant using an evaporator; and
generating cooling by desorbing, using a compressor, the refrigerant
from an adsorption device that has already adsorbed the refrigerant
evaporated at the evaporator, wherein

a cooling target flows through at least one of the evaporator or the
adsorption device, and

heat generated by cooling is expelled in a case in which the cooling

target flows through the evaporator.

The cooling generation method of claim 7, further comprising:
providing a plurality of the adsorption devices; and

while the refrigerant evaporated at the evaporator is being absorbed in
at least one of the adsorption devices, using the compressor to desorb

the refrigerant from at least another one of the adsorption devices.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19 (1)

(1) Basis for the amendment: Concerning amended claim 1, the indication of

"the cooling target flows through at least one of the evaporator or the adsorption device,
and

heat generated by cooling is expelled in a case in which the cooling target flows through
the evaporator”

is in drawing Nos. 2, 3, 9 and 10 of the original application and in paragraph Nos. 39 to
50 and 68 in the description as filed.

(i1) Basis for the amendment: Concerning amended claim 7, the indication of

"a cooling target flows through at least one of the evaporator or the adsorption device,
and

heat generated by cooling is expelled in a case in which the cooling target flows through
the evaporator”

is in drawing Nos. 2, 3, 9 and 10 of the original application and in paragraph Nos. 39 to
50 and 68 in the description as filed.
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