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HUMIDIFICATION DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a humidity control apparatus for controlling humidity
of the air using a liquid absorbent.
BACKGROUND ART
[0002]

Some of apparatuses controlling the humidity in a room, such as a humidification
device and a humidity control apparatus, use a hygroscopic liquid as a liquid absorbent, as
described in Patent Document 1.

[0003]

Patent Document 1 discloses a humidity controller including a dehumidification unit
(treatment machine) for dehumidifying a room, and a recovery unit (regeneration machine)
for recovering a liquid absorbent that has been used for dehumidification. The
dehumidification unit (treatment machine) passes target air through the cooled liquid
absorbent to absorb moisture in the air, thereby dehumidifying the air. The recovery unit
passes recovery air through the liquid absorbent which has been heated after being used for
the dehumidification to release the moisture in the liquid absorbent into the air, thereby
recovering the liquid absorbent.

[0004]

The dehumidification unit of Patent Document 1 further includes a gas-liquid contact

portion (contactor) and a liquid tank. The cooled liquid absorbent is brought into contact with

the target air in the gas-liquid contact portion, and then is stored in the liquid tank.
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CITATION LIST
PATENT DOCUMENT
[0005]

Japanese Unexamined Patent Application No. 2010-36093

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0006]

According to Patent Document 1, increasing the area of the gas-liquid contact portion
of the dehumidification unit can be a possible measure to ensure a sufficient dehumidification
amount. This is because the contact surface between the liquid absorbent and the target air
increases with the increase in the area of the gas-liquid contact portion. However, when this
method is employed, the size of the humidity controller increases, and the amount of the
liquid absorbent used also increases. This leads to the increase in the cost of the humidity
controller. Moreover, energy required for the recovery unit to recover the liquid absorbent
increases with the increase in the amount of dehumidification by the liquid absorbent.

[0007]

It is also conceivable to use a liquid having relatively high hygroscopic performance
as the liquid absorbent to improve the dehumidification capacity. However, such a highly
hygroscopic liquid is limited to some kinds of liquid such as lithium chloride and lithium
bromide.

[0008]

In view of the foregoing, it is therefore an object of the present invention to ensure a

sufficient dehumidification amount without limiting the kind of liquid absorbent used and

increasing the area of the gas-liquid contact portion of the dehumidification unit.
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SOLUTION TO THE PROBLEM
[0009]

A first aspect of the present disclosure is directed to a humidity control apparatus
including: an absorbent circuit (15) connecting a liquid-based dehumidification unit (21)
which causes a liquid absorbent to absorb moisture in target air to dehumidify the target air, a
recovery unit (31) which releases the moisture in the liquid absorbent to air for recovery to
recover the liquid absorbent, and a pump (37) capable of circulating the liquid absorbent
between the liquid-based dehumidification unit (21) and the recovery unit (31); a
liquid-cooling heat exchanger (46) which is connected to the absorbent circuit (15) and cools,
with a refrigerant, the liquid absorbent before being used for dehumidification in the
liquid-based dehumidification unit (21); and a refrigerant-cooling-based dehumidification unit
(48) which is positioned upstream of the liquid-based dehumidification unit (21) in a flow
direction of the target air, and cools and humidifies, with the refrigerant, the target air before
being dehumidified in the liquid-based dehumidification unit (21). The liquid-cooling heat
exchanger (46) and the refrigerant-cooling-based dehumidification unit (48) are connected to
a single refrigerant circuit (40) together with a liquid-heating heat exchanger (44) which heats
the liquid absorbent before being recovered by the recovery unit (31) with the refrigerant.
[0010]

In this aspect, the liquid absorbent is cooled by the refrigerant in the liquid-cooling
heat exchanger (46) of the refrigerant circuit (40), and then supplied to the liquid-based
dehumidification unit (21). In the liquid-based dehumidification unit (21), moisture is
absorbed from the target air using the liquid absorbent to dehumidify the air. On the other
hand, the liquid absorbent is heated by the refrigerant in the liquid-heating heat exchanger

(44) of the refrigerant circuit (40), and then supplied to the recovery unit (31). In the recovery
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unit (31), the liquid absorbent that has absorbed moisture from the target air and had its
concentration reduced in the liquid-based dehumidification unit (21) is recovered by releasing
the moisture in the recovery air.

[0011]

In particular, in this aspect, the target air is first cooled and dehumidified by the
refrigerant in the refrigerant-cooling-based dehumidification unit (48) of the refrigerant circuit
(40), and then dehumidified by the liquid-based dehumidification unit (21). Thus, regardless
of the degree of the hygroscopic performance of the liquid absorbent, the target air can be
sufficiently dehumidified without intentionally increasing the contact area between the liquid
absorbent and the target air in the liquid-based dehumidification unit (21).

[0012]

The refrigerant-cooling-based dehumidification unit (48), the liquid-cooling heat
exchanger (46), and the liquid-heating heat exchanger (44) are connected to the single
refrigerant circuit (40). Therefore, the degree of dehumidification can be controlled by, for
example, changing the circulation amount of the refrigerant.

[0013]

A second aspect of the present disclosure is an embodiment of the first aspect. In the
second aspect, the target air dehumidified in the refrigerant-cooling-based dehumidification
unit (48) and the liquid-based dehumidification unit (21) is supplied into a room, and a heat
dissipation heat exchanger (43) is further connected to the refrigerant circuit (40), the heat
dissipation heat exchanger (43) dissipating heat of the refrigerant that has passed through the
refrigerant-cooling-based dehumidification unit (48) to a heat dissipation fluid other than the
air in the room.

[0014]

In the absorbent circuit (15), the recovery unit (31) having a recovery capacity that
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balances with the dehumidification performance of the liquid-based dehumidification unit
(21) is used. The target air is dehumidified in two stages by the refrigerant-cooling-based
dehumidification unit (48) and the liquid-based dehumidification unit (21). Therefore, an
additional heat dissipation means is required for dissipating heat (condensation heat)
generated when the refrigerant-cooling-based dehumidification unit (48) cools and
dehumidifies the target air. Here, the heat dissipation heat exchanger (43) is provided as the
heat dissipation means. The heat dissipation heat exchanger (43) allows the refrigerant that
has passed through the refrigerant-cooling-based dehumidification unit (48) to dissipate heat
to a substance other than the air in the room. Thus, heat generated in the
refrigerant-cooling-based dehumidification unit (48) can be dissipated, which can keep the
condensation temperature of the refrigerant from increasing. Therefore, it is possible to avoid
stopping of the dehumidification operation due to deterioration or abnormality in the
dehumidification efficiency of the entire humidity control apparatus (10) accompanying the
increase in the condensation temperature of the refrigerant.

[0015]

A third aspect of the present disclosure is an embodiment of the second aspect. In the
third aspect, the humidity control apparatus further includes: a supply control unit (51) which
stops supply of the heat dissipation fluid to the heat dissipation heat exchanger (43) when a
condensation temperature of the refrigerant in the refrigerant circuit (40) is equal to or lower
than a predetermined value.

[0016]

When the air-conditioning load is relatively small and the amount of heat generated
in the refrigerant-cooling-based dehumidification unit (48) is small, the heat generated in the
refrigerant-cooling-based dehumidification unit (48) can be sufficiently handled through the

heat dissipation to the air used for the recovery in the recovery unit (31). Thus, the
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condensation temperature of the refrigerant is relatively lowered. Therefore, in this case, when
the condensation temperature of the refrigerant is equal to or lower than a predetermined
value, the supply of the heat dissipation fluid to the heat dissipation heat exchanger (43) is
stopped so that the heat exchange operation between the heat dissipation fluid and the
refrigerant in the heat dissipation heat exchanger (43) is stopped. Therefore, as compared to
the case where the heat dissipation heat exchanger (43) performs the heat exchange operation
when the condensation temperature of the refrigerant is equal to or lower than the
predetermined value, the recovery temperature of the liquid absorbent increases, and the
liquid absorbent is sufficiently recovered. Further, energy consumption can be reduced by
stopping the supply of the heat dissipation fluid to the heat dissipation heat exchanger (43).
[0017]

A fourth aspect of the present disclosure is an embodiment of any one of the first to
third aspects. In the fourth aspect, the humidity control apparatus further includes: a mode
operation control unit (52) which controls the absorbent circuit (15) and the refrigerant circuit
(40) such that the humidity control apparatus (10) is operated in any one of a first
dehumidification mode in which the target air is dehumidified by the liquid-based
dehumidification unit (21) and the refrigerant-cooling-based dehumidification unit (48), a
second dehumidification mode in which the target air is not dehumidified by the
refrigerant-cooling-based dehumidification unit (48), but is dehumidified by the liquid-based
dehumidification unit (21), or a third dehumidification mode in which the target air is not
dehumidified by the liquid-based dehumidification unit (21), but is dehumidified by the
refrigerant-cooling-based dehumidification unit (48).

[0018]
Thus, the dehumidification operation suitable for the air-conditioning load, for

example, can be performed.



10

15

20

25

[0019]

A fifth aspect of the present disclosure is an embodiment of any one of the first to
fourth aspects. In the fifth aspect, the humidity control apparatus further includes: a
refrigerant circuit control unit (50) which controls the refrigerant circuit (40) such that a
temperature of the target air that has flowed out of the refrigerant-cooling-based
dehumidification unit (48) and is not dehumidified yet by the liquid-based dehumidification
unit (21) is equal to or higher than a temperature of the liquid absorbent flowing into the
liquid-based dehumidification unit (21).

[0020]

This can avoid a phenomenon in which the target air is excessively cooled and
dehumidified by the refrigerant-cooling-based dehumidification unit (48), and the
dehumidification amount in the liquid-based dehumidification unit (21) is significantly
decreased, as a result of which the efficiency of dehumidification of the target air by the entire
humidity control apparatus (10) is impaired. Further, this can reduce the possibility of the
occurrence of reheat loss by the liquid absorbent in the liquid-based dehumidification unit

(21).

ADVANTAGES OF THE INVENTION
[0021]

According to the aspects of the present disclosure, regardless of the degree of the
hygroscopic performance of the liquid absorbent, the target air can be sufficiently
dehumidified without intentionally increasing the contact area between the liquid absorbent
and the air in the liquid-based dehumidification unit (21). Further, the degree of
dehumidification can be easily controlled by, for example, changing the circulation amount of

the refrigerant.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

[FIG. 1] FIG. 1 is a diagram schematically illustrating the configuration of a
humidity control apparatus of a first embodiment.

[FIG. 2] FIG. 2 is a diagram illustrating a liquid-based dehumidification module of
the first embodiment in which the flow direction of a liquid absorbent and the flow direction
of air coming into contact with the liquid absorbent are orthogonal to each other.

[FIG. 3] FIG. 3 is a diagram illustrating a conventional liquid-based dehumidification
module in which the flow direction of the liquid absorbent and the flow direction of the air
coming in contact with the liquid absorbent are opposed to each other.

[FIG. 4] FIG. 4 is a diagram schematically illustrating the configuration of a
humidity control apparatus of a second embodiment.

[FIG. 5] FIG. 5 is a table showing details of first to fifth operation modes for the
humidity control apparatus of the second embodiment, including whether a dehumidification
operation is performed or not, whether the liquid absorbent circulates or not, and operation
conditions.

[FIG. 6] FIG. 6 is a diagram illustrating how the liquid absorbent and the refrigerant
flow when the humidity control apparatus of the second embodiment is operated in the first
operation mode.

[FIG. 7] FIG. 7 is a diagram illustrating how the liquid absorbent and the refrigerant
flow when the humidity control apparatus of the second embodiment is operated in the second
operation mode.

[FIG. 8] FIG. 8 is a diagram illustrating how the liquid absorbent and the refrigerant

flow when the humidity control apparatus of the second embodiment is operated in the third
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operation mode.

[FIG. 9] FIG. 9 is a diagram illustrating how the liquid absorbent and the refrigerant
flow when the humidity control apparatus of the second embodiment is operated in the fourth
operation mode.

[FIG. 10] FIG. 10 is a diagram illustrating how the liquid absorbent and the
refrigerant flow when the humidity control apparatus of the second embodiment is operated in
the fifth operation mode.

[FIG. 11] FIG. 11 is a diagram illustrating a humidity control apparatus of a third
embodiment obtained by providing components such as a temperature detection sensor for the
humidity control apparatus of the second embodiment.

[FIG. 12] FIG. 12 is a diagram illustrating the humidity control apparatus of the third
embodiment obtained by providing components such as a temperature detection sensor for the
humidity control apparatus of the first embodiment.

[FIG. 13] FIG. 13 is a diagram schematically illustrating the configuration of a
humidity control apparatus of another embodiment.

[FIG. 14] FIG. 14 is a diagram schematically illustrating the configuration of a

humidity control apparatus different from that shown in FIG. 13.

DESCRIPTION OF EMBODIMENTS
[0023]

An embodiment of the present invention will be described in detail with reference to
the drawings. The embodiments described below are merely exemplary ones in nature, and
are not intended to limit the scope, applications, or use of the invention.

[0024]

<<First Embodiment>>
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<Outline>

A humidity control apparatus (10) according to a first embodiment, which
corresponds to a humidification device, dehumidifies an internal space of such as an office
building or a house (will be hereinafter referred to as a “room”) by generally using a liquid
absorbent.

[0025]

As shown in FIG. 1, the humidity control apparatus (10) of the first embodiment
includes a dehumidification module (20) which dehumidifies the air. The dehumidification
module (20) includes a liquid-based dehumidification module (21) which performs
dehumidification using a liquid absorbent (corresponding to a liquid-based dehumidification
unit), and a refrigerant-cooling-based dehumidification module (48) which performs
dehumidification using a refrigerant (corresponding to a refrigerant-cooling-based
dehumidification unit).

[0026]

This humidity control apparatus (10) includes an absorbent circuit (15) in which the
liquid absorbent circulates, and a refrigerant circuit (40) in which the refrigerant circulates.
The liquid-based dehumidification module (21) is one of devices constituting the absorbent
circuit (15). All of the devices constituting the absorbent circuit (15) are installed in a space
other than the room (e.g., a machine chamber). Devices constituting the refrigerant circuit
(40) include a compressor (42) and a heat dissipation condenser (43) (corresponding to a heat
dissipation heat exchanger), in addition to the refrigerant-cooling-based dehumidification
module (48) described above. The compressor (42) and the heat dissipation condenser (43)
are components of an outdoor unit (41), and are installed outdoors. Among the devices
constituting the refrigerant circuit (40), other devices than the compressor (42) and the heat

dissipation condenser (43) are installed in a space different from the room (e.g., a machine

10
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chamber) just like the devices constituting the absorbent circuit (15).
[0027]
—Liquid Absorbent—

The liquid absorbent is a liquid capable of absorbing moisture (water vapor) in the air.
In general, examples of the liquid absorbent used in the humidity control apparatus (10)
include an aqueous lithium chloride solution and an aqueous lithium bromide solution. These
solutions have good hygroscopic performance, but have relatively high corrosiveness. Use of
these aqueous solutions requires additional measures to protect the humidity control apparatus
(10) from corrosion. Thus, it is difficult to safely use these aqueous solutions.
[0028]

In contrast, in the first embodiment, a liquid which is less hygroscopic, but is less
corrosive, than the above aqueous solutions can be used as a liquid absorbent. The liquid can
be used safely because it is low in corrosiveness. Examples of such a liquid include ionic
liquids. The ionic liquid is a salt composed of ions, and is in a liquid state at 100°C or less.
[0029]
<Configuration of Humidity Control Apparatus>

The humidity control apparatus (10) includes the absorbent circuit (15), the
refrigerant circuit (40), and a controller (50) for performing various controls of the circuits (15,
40).

[0030]
—Absorbent Circuit—

The absorbent circuit (15) includes the liquid-based dehumidification module (21)
described above, and a recovery module (31) (corresponding to a recovery unit) as modules
for exchanging moisture between the liquid absorbent and the air. The absorbent circuit (15)

further includes a pump (37), a flow control valve (39), a liquid-heating heat exchanger (44),

11
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and a liquid-cooling heat exchanger (46). The modules (21, 31), the pump (37), and other
components connected via connection pipes (15a to 15e) constitute the absorbent circuit (15).
[0031]

—Liquid-Based Dehumidification Module—

The liquid-based dehumidification module (21) allows the liquid absorbent to absorb
moisture in the target air to dehumidify the target air. Specifically, the liquid-based
dehumidification module (21) includes a dehumidification-side liquid feeder (22), a
dehumidification-side gas-liquid contact portion (23), and a liquid tank (24).

[0032]

The dehumidification-side liquid feeder (22) has, for example, a plurality of drip
ports formed at a pipe portion connected to one end of the connection pipe (15a). The
plurality of drip ports, from which the liquid absorbent is dripped, are arranged side by side in
the extending direction of the pipe portion.

[0033]

The dehumidification-side gas-liquid contact portion (23) is made of a hydrophilic
filler, and is positioned below the dehumidification-side liquid feeder (22). Receiving outdoor
air (OA), which is the target air supplied thereto, the dehumidification-side gas-liquid contact
portion (23) brings the outdoor air (OA) into contact with the liquid absorbent dripped from
the dehumidification-side liquid feeder (22). Thus, the outdoor air (OA) that has passed
through the dehumidification-side gas-liquid contact portion (23) has its moisture content
further reduced than that before the passage, i.e., is dehumidified. In other words, the liquid
absorbent that has been dripped to the dehumidification-side gas-liquid contact portion (23)
and made contact with the outdoor air (OA) has its concentration further reduced than that
before being dripped to the dehumidification-side gas-liquid contact portion (23).

[0034]

12
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The liquid tank (24) is closer to the liquid-based dehumidification module (21) than
to the recovery module (31), and more specifically, located below the dehumidification-side
gas-liquid contact portion (23). The liquid tank (24) also functions as a dehumidification-side
liquid receiver which receives the liquid absorbent that has made contact with the outdoor air
(OA) in the dehumidification-side gas-liquid contact portion (23), and stores the liquid
absorbent that has been used for the dehumidification. That is, the liquid-based
dehumidification module (21) of the first embodiment does not include the
dehumidification-side liquid receiver and the liquid tank separated from each other. This can
reduce the increase in the cost of the humidity control apparatus (10) as compared to the case
where the dehumidification-side liquid receiver and the liquid tank are separately provided.
[0035]

—Recovery Module—

The recovery module (31) releases the moisture in the liquid absorbent to air used for
recovery to recover the liquid absorbent. Specifically, the recovery module (31) includes a
recovery-side liquid feeder (32), a recovery-side gas-liquid contact portion (33), and a
recovery-side liquid receiver (34).

[0036]

The recovery-side liquid feeder (32) has, for example, a plurality of drip ports formed
at a pipe portion connected to one end of the connection pipe (15b). The plurality of drip ports,
from which the liquid absorbent is dripped, are arranged side by side in the extending
direction of the pipe portion.

[0037]

The recovery-side gas-liquid contact portion (33) is made of a hydrophilic filler, and

is positioned below the recovery-side liquid feeder (32). Receiving room air (RA), which is

the recovery air supplied thereto, the recovery-side gas-liquid contact portion (33) brings the

13
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room air (RA) into contact with the liquid absorbent dripped from the recovery-side liquid
feeder (32). Then, the moisture in the dripped liquid absorbent is released to the recovery air.
As a result, the liquid absorbent that has passed through the recovery-side gas-liquid contact
portion (33) has its concentration further increased than that before being dripped to the
recovery-side gas-liquid contact portion (33).

[0038]

The recovery-side liquid receiver (34) is closer to the recovery module (31) than to
the liquid-based dehumidification module (21), and more specifically, located below the
recovery-side gas-liquid contact portion (33). The recovery-side liquid receiver (34) receives
the liquid absorbent which has been recovered by making contact with the room air (RA) in
the recovery-side gas-liquid contact portion (33). The recovery-side liquid receiver (34) and
the liquid tank (24) are connected together via the connection pipe (15c). The liquid absorbent
received by the recovery-side liquid receiver (34) (i.e., the recovered liquid absorbent) is sent
to the single liquid tank (24) through the connection pipe (15c).

[0039]

Specifically, the liquid tank (24) according to the first embodiment stores the liquid
absorbent that has been used for the dehumidification of the target air (outdoor air (OA)) in
the dehumidification-side gas-liquid contact portion (23) of the liquid-based dehumidification
module (21), and the liquid absorbent that has been recovered in the recovery-side gas-liquid
contact portion (33) of the recovery module (31) in a mixed state. The concentration of the
liquid absorbent that has been used for the dehumidification is lower than the concentration of
the recovered liquid absorbent. Therefore, the low concentration liquid absorbent that has
been used for the dehumidification and the high concentration liquid absorbent that has been
recovered are stored in a single common tank, namely, the liquid tank (24).

[0040]

14
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In particular, the connection pipe (15c) connects the recovery-side liquid receiver
(34) and the liquid tank (24) so that the bottom of the recovery-side liquid receiver (34) serves
as a liquid inlet, and the side of the liquid tank (24) serves as a liquid outlet. The liquid outlet
is located below the liquid inlet. Thus, the liquid absorbent is allowed to flow from the
recovery-side liquid receiver (34) to the liquid tank (24) by using gravity (the self weight of
the liquid absorbent). This makes it possible to collect the recovered liquid absorbent and the
liquid absorbent that has been used for the dehumidification in the single liquid tank (24) even
without providing, for the connection pipe (15c), a power source such as a pump for actively
sending the liquid absorbent from the recovery-side liquid receiver (34) to the liquid tank
(24).

[0041]

In a preferred embodiment, the liquid tank (24) itself is disposed at a lower position
than the recovery-side liquid receiver (34). This is because the liquid absorbent moves more
easily by gravity from the recovery-side liquid receiver (34) to the liquid tank (24).

[0042]
—Pump-—

The pump (37) is connected to the connection pipe (15d) and the connection pipe
(15e). The pump (37) sends the liquid absorbent stored in the liquid tank (24) to each of the
liquid-based dehumidification module (21) and the recovery module (31). That is, the pump
(37) allows the liquid absorbent to circulate between the liquid-based dehumidification
module (21) and the recovery module (31).

[0043]

Note that one end of the connection pipe (15d) is connected to the liquid tank (24),

and the other end thereof is connected to the input side of the pump (37). One end of the

connection pipe (15e) is connected to the output side of the pump (37). The other end of the
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connection pipe (15e) is branched into two, one of which is connected to the liquid-cooling
heat exchanger (46), and the other of which is connected to the liquid-heating heat exchanger
(44) via the flow control valve (39).

[0044]

—Flow Control Valve—

The flow control valve (39) is constituted of a proportional solenoid valve, and has
its opening degree adjusted to control the flow rate of the liquid absorbent. The liquid
absorbent stored in the liquid tank (24) can flow not only into the liquid-cooling heat
exchanger (46), but also into the liquid-heating heat exchanger (44) after coming out of the
pump (37). When the opening degree of the flow control valve (39) is adjusted, the amount of
the liquid absorbent fed to the liquid-cooling heat exchanger (46) and the amount of the liquid
absorbent fed to the liquid-heating heat exchanger (44) are adjusted to have a predetermined
ratio.

[0045]
—Liquid-Heating Heat Exchanger—

The liquid-heating heat exchanger (44) is, for example, a plate-shaped heat
exchanger, and has, although not shown, an absorbent passage through which the liquid
absorbent passes, and a refrigerant passage through which the refrigerant passes. An inlet of
the absorbent passage is connected to the connection pipe (15e), and an outlet of the absorbent
passage is connected to the recovery-side liquid feeder (32) of the recovery module (31) via
the connection pipe (15b). An inlet of the refrigerant passage is connected to the heat
dissipation condenser (43) via a connection pipe (40c), and an outlet of the refrigerant passage
is connected to an expansion valve (45) via a connection pipe (40d). The liquid-heating heat
exchanger (44) functions as a refrigerant condenser, and allows the liquid absorbent passing

through the absorbent passage and the refrigerant passing through the refrigerant passage to
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exchange heat, thereby heating the liquid absorbent before being recovered by the recovery
module (31) with the refrigerant. The liquid absorbent that has passed through the
liquid-heating heat exchanger (44) is sent to the recovery module (31) and is recovered.
[0046]

—Liquid-Cooling Heat Exchanger—

The liquid-cooling heat exchanger (46) is, for example, a plate-shaped heat
exchanger, and has, although not shown, an absorbent passage through which the liquid
absorbent passes and a refrigerant passage through which the refrigerant passes, just like the
liquid-heating heat exchanger (44). An inlet of the absorbent passage is connected to the
connection pipe (15e), and an outlet of the absorbent passage is connected to the
dehumidification-side liquid feeder (22) of the liquid-based dehumidification module (21) via
the connection pipe (15a). An inlet of the refrigerant passage is connected to the expansion
valve (45) via a connection pipe (40e), and an outlet of the refrigerant passage is connected to
the refrigerant-cooling-based dehumidification module (48) via a connection pipe (40f). The
liquid-cooling heat exchanger (46) functions as a refrigerant evaporator, and allows the liquid
absorbent passing through the absorbent passage and the refrigerant passing through the
refrigerant passage to exchange heat. Specifically, in the liquid-cooling heat exchanger (46),
the liquid absorbent which is not yet used for the dehumidification in the liquid-based
dehumidification module (21) is cooled by the refrigerant. The liquid absorbent that has
passed through the liquid-cooling heat exchanger (46) is sent to the liquid-based
dehumidification module (21), and is used for the dehumidification.

[0047]
—Refrigerant Circuit—
The refrigerant circuit (40) includes the compressor (42), the heat dissipation

condenser (43), the liquid-heating heat exchanger (44), the expansion valve (45), the
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liquid-cooling heat exchanger (46), and the refrigerant-cooling-based dehumidification
module (48) connected in series in this order by connection pipes (40a to 40f). Other
components of the refrigerant circuit (40) than the liquid-heating heat exchanger (44) and the
liquid-cooling heat exchanger (46) described above will be described below.

[0048]

—Compressor—

The compressor (42) is located downstream of the refrigerant-cooling-based
dehumidification module (48) in the flow direction of the refrigerant with the connection pipe
(40a) interposed therebetween, and compresses and discharges the refrigerant. The
compressor (42) is a variable capacity compressor, the number of revolutions (i.e., the
operating frequency) of which is varied by an inverter circuit (not shown).

[0049]
—Heat Dissipation Condenser—

The heat dissipation condenser (43) is, for example, a fin-and-tube heat exchanger,
and has a refrigerant inlet connected to the discharge side of the compressor (42) via the
connection pipe (40b), and a refrigerant outlet connected to the inlet of the refrigerant passage
in the liquid-heating heat exchanger (44) via the connection pipe (40c). That is, the heat
dissipation condenser (43) is located downstream of the refrigerant-cooling-based
dehumidification module (48) in the flow direction of the refrigerant. The heat dissipation
condenser (43) dissipates heat of the refrigerant that has passed through the
refrigerant-cooling-based dehumidification module (48) and discharged from the compressor
(42) to the heat dissipation fluid, thereby condensing the refrigerant. The refrigerant that has
dissipated heat further dissipates heat to the liquid absorbent in the liquid-heating heat
exchanger (44) to be condensed.

[0050]

18
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Note that the heat dissipation fluid is a substance other than the room air (RA), such
as the outdoor air (OA) and water. In the first embodiment, the heat dissipation fluid is the
outdoor air (OA), and the heat dissipation condenser (43) is an air-refrigerant heat exchanger
for exchanging heat between the outdoor air (OA) and the refrigerant.

[0051]

In the vicinity of the heat dissipation condenser (43), a fan (43a) is provided for
supplying the heat dissipation condenser (43) with the outdoor air (OA), which is the heat
dissipation fluid. The fan (43a) is operated when the heat of the refrigerant needs to be
dissipated in the heat dissipation condenser (43). Details will be described later in the section
of “~Supply Control Unit-.”

[0052]
—Expansion Valve—

The expansion valve (45) is constituted of an electronic expansion valve. The
expansion valve (45) is connected to the outlet of the refrigerant passage in the liquid-heating
heat exchanger (44) via the connection pipe (40d), and is connected to the inlet of the
refrigerant passage in the liquid-cooling heat exchanger (46) via the connection pipe (40e).
The expansion valve (45) decompresses the refrigerant circulating in the refrigerant circuit
(40) by changing its opening degree.

[0053]
—Refrigerant-Cooling-Based Dehumidification Module—

The refrigerant-cooling-based dehumidification module (48) is a fin-and-tube
dehumidification module, for example, and cools and dehumidifies the target air (outdoor air
(OA)) with the refrigerant. In particular, the refrigerant-cooling-based dehumidification
module (48) is located upstream of the liquid-based dehumidification module (21) in the flow

direction of the outdoor air (OA). The refrigerant-cooling-based dehumidification module
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(48) cools and dehumidifies the target air (outdoor air (OA)) before being dehumidified in the
liquid-based dehumidification module (21). That is, in the first embodiment, the target air
(outdoor air (OA)) is dehumidified in both of the liquid-based dehumidification module (21)
and the refrigerant-cooling-based dehumidification module (48), and then supplied to the
room as supply air (SA).

[0054]

A drain pan (48a) is disposed below the refrigerant-cooling-based dehumidification
module (48). In the refrigerant-cooling-based dehumidification module (48), the moisture
absorbed from the target air (outdoor air (OA)) while cooling and dehumidifying the target air
is condensed on the surface of the refrigerant-cooling-based dehumidification module (48),
and falls downward. The drain pan (48a) is a pan collecting the condensed water. The drain
pan (48a) is connected to a drainage pipe (48b), and discharges the condensed water to the
outside of the humidity control apparatus (10) through the drainage pipe (48b).

[0055]

In this way, the drain pan (48a) is provided separately from the liquid tank (24) of the
liquid-based dehumidification module (21). If the condensed water were mixed in the liquid
tank (24), the concentration of the liquid absorbent in the liquid tank (24) would further
decrease than that with no condensed water mixed therein, and the energy required for the
recovery module (31) to recover the liquid absorbent would increase. However, since the
drain pan (48a) and the liquid tank (24) are separately provided, such a problem is less likely
to occur.

[0056]

Further, a filter (49) is located between the refrigerant-cooling-based

dehumidification module (48) and the liquid-based dehumidification module (21). The filter

(49) blocks the liquid absorbent from scattering toward the refrigerant-cooling-based
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dehumidification module (48) from the liquid-based dehumidification module (21), and also
blocks the condensed water from scattering toward the liquid-based dehumidification module
(21) from the refrigerant-cooling-based dehumidification module (48). This filter (49) reliably
lowers the possibility that the liquid absorbent and the condensed water are mixed together.
[0057]

The condensed water is discharged to the outside through the drain pan (48a) and the
drainage pipe (48b). Thus, an additional heat dissipation means is required to dissipate the
condensation heat generated during the cooling and dehumidification of the outdoor air (OA)
by the refrigerant-cooling-based dehumidification module (48). In the first embodiment, the
heat dissipation condenser (43) is provided as the means for dissipating the condensation heat.
In particular, the heat dissipation condenser (43) dissipates heat to the heat dissipation fluid
other than the room air (RA) as described above, to recover the heat of vaporization
corresponding to the condensed water discharged to the outside. This can keep the
condensation temperature (condensation pressure) of the refrigerant from excessively
increasing, and thus, can avoid a situation in which the humidity control apparatus (10) stops
operating based on a determination that an excessive rise in the condensation temperature
(condensation pressure) is an abnormal event.

[0058]

As can be seen, the liquid-cooling heat exchanger (46) and the
refrigerant-cooling-based dehumidification module (48) are connected to the single refrigerant
circuit (40) together with the liquid-heating heat exchanger (44). In the first embodiment, the
refrigerant circuit (40), which can be referred to as a heat pump heat source, has a simple
configuration because the refrigerant circuit (40) does not have a complicated combination of
a plurality of circuits.

[0059]
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The dehumidification module (20) of the humidity control apparatus (10) according
to the first embodiment includes the refrigerant-cooling-based dehumidification module (48)
and the liquid-based dehumidification module (21) as described above. Therefore, even if a
liquid having relatively low hygroscopic performance, such as an ionic liquid, is used as the
liquid absorbent, and even if the air-conditioning load is relatively high, the target air
sufficiently dehumidified by the two modules (48, 21) is supplied to the room. Further, since
the two modules (48, 21) dehumidifying the target air are provided, it is possible to adjust the
ratio between the amount of dehumidification by the refrigerant-cooling-based
dehumidification module (48) and the amount of dehumidification by the liquid-based
dehumidification module (21) in a design phase or a control phase. Thus, it can be said that
the degree of design freedom is high.

[0060]

On the other hand, there is only the recovery module (31) of the liquid absorbent on
the recovery side of the humidity control apparatus (10). No module using other substance
than the liquid absorbent, such as the refrigerant-cooling-based dehumidification module, is
provided. That is, it can be said that the recovery side is further simplified than the
dehumidification side.

[0061]
—Relationship between Air Flow Direction and Liquid Flow Direction in Liquid
Dehumidification Module (21)—

As can be seen, in the dehumidification-side gas-liquid contact portion (23) of the
liquid-based dehumidification module (21), the liquid absorbent makes contact with the target
air (outdoor air (OA)) that has passed through the refrigerant-cooling-based dehumidification
module (48), so that the outdoor air (OA) is further dehumidified. As shown in FIG. 2, the

liquid absorbent flows from top to bottom (i.e., in a dripping direction) in the
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dehumidification-side gas-liquid contact portion (23), whereas the outdoor air (OA) coming
into contact with the liquid absorbent flows from the refrigerant-cooling-based
dehumidification module (48) toward the liquid-based dehumidification module (21) (from
right to left in FIG. 1). That is, in the dehumidification-side gas-liquid contact portion (23),
the flow direction of the liquid absorbent and the flow direction of the outdoor air (OA)
intersect with each other (specifically, they are orthogonal to each other).

[0062]

FIG. 3 shows the flow direction of the liquid absorbent and the flow direction of the
outdoor air (OA) according to a conventional example. As shown in FIG. 3, in the
conventional example, the liquid absorbent in the dehumidification-side gas-liquid contact
portion (23) flows from top to bottom (dripping direction), just like in the first embodiment
shown in FIG. 2. However, the outdoor air (OA) coming into contact with the liquid absorbent
flows in a direction opposite to the flow direction of the liquid absorbent, i.e., from bottom to
top. Specifically, in FIG. 3, the flow of the liquid absorbent and the flow of the outdoor air
(OA) are counter flows.

[0063]

Suppose that the same volume of the outdoor air (OA) passes through the
refrigerant-cooling-based dehumidification module (48) in the examples of FIGS. 2 and 3. In
order to reduce the pressure loss of the outdoor air (OA) in the dehumidification-side
gas-liquid contact portion (23), it is conceivable to reduce the velocity of the outdoor air (OA)
to be received by the dehumidification-side gas-liquid contact portion (23). One of
conceivable measures is increasing the area of the surface of the dehumidification-side
gas-liquid contact portion (23) receiving the outdoor air (OA).

[0064]

When the counter flows are generated as shown in FIG. 3 (conventional example), it
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is difficult to reduce the installation area of the liquid-based dehumidification module (21) in
view of ensuring the area of the surface of the dehumidification-side gas-liquid contact
portion (23) receiving the outdoor air (OA). Therefore, in the conventional example shown in
FIG. 3, downsizing of dehumidification module (20) cannot be expected.

[0065]

In contrast, when the flows are orthogonal to each other as shown in FIG. 2 (the
present embodiment), narrowing the width of the dehumidification-side gas-liquid contact
portion (23) in the passage direction (vertical direction) of the outdoor air (OA) can reduce the
installation area of the liquid-based dehumidification module (21). Thus, the dehumidification
module (20) can be downsized.

[0066]

In addition, in the case of FIG. 3 where the counter flows are generated (conventional
example), even if only the width of the dehumidification-side gas-liquid contact portion (23)
in the passing direction (vertical direction) of the outdoor air (OA) is reduced to downsize the
dehumidification-side gas-liquid contact portion (23), the flow rate of the liquid absorbent
does not vary so much because the flow velocity necessary for the diffusion of the liquid
absorbent needs to be maintained.

[0067]

In contrast, when the flows are orthogonal to each other (present embodiment), as
shown in FIG. 2, reducing the width of the dehumidification-side gas-liquid contact portion
(23) in the passage direction (lateral direction) of the outdoor air (OA) reduces the width of
the flow path of the liquid absorbent, thereby increasing the flow velocity of the liquid
absorbent. This can downsize the dehumidification-side gas-liquid contact portion (23), while
reducing the required flow rate of the liquid absorbent.

[0068]
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As can be seen, in this embodiment, the dehumidification module (20) can be further
downsized than the conventional one. Further, since the flow rate of the liquid absorbent can
be reduced, the power of the pump (37) shown in FIG. 1 can be made smaller than that
required in the example shown in FIG. 3.

[0069]
—Controller—

The controller (50) is a microcomputer including a memory and a CPU, and is
electrically connected to various components of the humidity control apparatus (10) (the
compressor (42), the pump (37), the flow control valve (39), the fan (43a), and the expansion
valve (45)). The CPU reads and executes the program stored in the memory, so that the
controller (50) controls the operation of the various components connected thereto.

[0070]

Specifically, the controller (50) according to the first embodiment controls the
operation of the fan (43a) based on the condensation temperature of the refrigerant, and
controls the opening degree of each valve (39, 45) and the operation of the pump (37) based
on the air-conditioning load. Next, a supply control unit (51), which is one of functional units
included in the controller (50) and controls the operation of the fan (43a), will be described
below.

[0071]
—Supply Control Unit—

When the condensation temperature of the refrigerant in the refrigerant circuit (40)
exceeds a predetermined value, the supply control unit (51) operates the fan (43a) to supply
the heat dissipation condenser (43) with the outdoor air (OA) which is the heat dissipation
fluid. In this case, the heat dissipation condenser (43) releases the heat of the refrigerant to the

outdoor air (OA) supplied thereto.
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[0072]

On the other hand, when the condensation temperature of the refrigerant in the
refrigerant circuit (40) is equal to or less than the predetermined value, the supply control unit
(51) stops the operation of the fan (43a) to stop the supply of the outdoor air (OA) to the heat
dissipation condenser (43). In this case, the heat of the refrigerant is not dissipated to the
outdoor air (OA) in the heat dissipation condenser (43).

[0073]

If the fan (43a) is operated when the condensation temperature of the refrigerant is
equal to or less than the predetermined value, the refrigerant dissipates heat to the outdoor air
(OA) in the heat dissipation condenser (43) even though the condensation temperature of the
refrigerant is relatively low. Then, the degree of heating of the liquid absorbent in the
liquid-heating heat exchanger (44) is lowered, and the liquid absorbent cannot be sufficiently
recovered. For this reason, when the condensation temperature of the refrigerant is equal to or
less than the predetermined value, the supply control unit (51) performs control such that no
outdoor air (OA) is supplied to the heat dissipation condenser (43). This control can avoid
insufficient recovery of the liquid absorbent, and can keep the dehumidification capacity of
the humidity control apparatus (10) from decreasing.

[0074]

When the air-conditioning load is relatively small and the amount of heat generated
in the refrigerant-cooling-based dehumidification module (48) (condensation heat) is small,
the heat generated in the dehumidification module (20) can be sufficiently handled through
the heat dissipation to the air used for the recovery in the recovery module (31). Thus, the
condensation temperature of the refrigerant is relatively lowered. When the condensation
temperature of the refrigerant is equal to or less than the predetermined value, the fan (43a) of

the humidity control apparatus (10) is stopped to save the power consumption of the fan
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(43a).
[0075]
<Operation of Humidity Control Apparatus>

The dehumidification operation of the humidity control apparatus (10) according to
the first embodiment will be described below.
[0076]

In the refrigerant circuit (40), the compressor (42) is operated; the heat dissipation
condenser (43) and the liquid-heating heat exchanger (44) function as refrigerant condensers;
and the liquid-cooling heat exchanger (46) and the refrigerant-cooling-based dehumidification
module (48) function as refrigerant evaporators.

[0077]

The refrigerant compressed in the compressor (42) is condensed through dissipation
of heat to the heat dissipation fluid (outdoor air (OA)) in the heat dissipation condenser (43),
and then further condensed through dissipation of heat to the liquid absorbent in the
liquid-heating heat exchanger (44). The refrigerant which has flowed out of the liquid-heating
heat exchanger (44) is decompressed by the expansion valve (45), and flows into the
liquid-cooling heat exchanger (46).

[0078]

In the liquid-cooling heat exchanger (46), the refrigerant absorbs heat from the liquid
absorbent to cool the liquid absorbent. Thereafter, the refrigerant flows into the
refrigerant-cooling-based dehumidification module (48) and absorbs moisture from the target
air (outdoor air (OA)) passing through the module (48) to evaporate, thereby cooling and
dehumidifying the air. The refrigerant that has passed through the refrigerant-cooling-based
dehumidification module (48) is sucked into the compressor (42).

[0079]
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In the absorbent circuit (15), the pump (37) is operated, and the flow control valve
(39) is opened to a predetermined opening degree. In the liquid-based dehumidification
module (21), the liquid absorbent is dripped from the dehumidification-side liquid feeder (22)
to the dehumidification-side gas-liquid contact portion (23). The target air (outdoor air (OA))
cooled and dehumidified in the refrigerant-cooling-based dehumidification module (48) is
supplied to the dehumidification-side gas-liquid contact portion (23), and the dripped liquid
absorbent absorbs moisture from the air to dehumidify the air. The air which has been
dehumidified in both of the refrigerant-cooling-based dehumidification module (48) and the
liquid-based dehumidification module (21) is supplied to the room as the supply air (SA).
[0080]

The liquid absorbent that has absorbed moisture from the target air (outdoor air
(OA)) has its concentration lowered, and is stored in the liquid tank (24) located below the
dehumidification-side gas-liquid contact portion (23). The liquid absorbent in the liquid tank
(24) flows through the connection pipe (15d), and is diverged into the liquid-heating heat
exchanger (44) and the liquid-cooling heat exchanger (46) via the connection pipe (15e).
[0081]

The liquid absorbent that has flowed into the liquid-heating heat exchanger (44) is
heated by the refrigerant in the heat exchanger (44), and then flows into the recovery module
(31). The liquid absorbent that has flowed into the recovery module (31) is dripped from the
recovery-side liquid feeder (32) to the recovery-side gas-liquid contact portion (33). The
recovery air (room air (RA)) is supplied to the recovery-side gas-liquid contact portion (33),
and the dripped liquid absorbent releases the moisture to the air. As a result, the liquid
absorbent is increased in concentration, and is recovered. The recovered liquid absorbent is
temporarily received by the recovery-side liquid receiver (34) below the recovery-side

gas-liquid contact portion (33), and is then stored in the liquid tank (24) after passing through
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the connection pipe (15c). That is, in the liquid tank (24), the liquid absorbent that has had its
concentration increased in the recovery module (31) and the liquid absorbent that has had its
concentration decreased in the liquid-based dehumidification module (21) are mixed together.
[0082]

The air used for the recovery of the liquid absorbent is discharged to the outside as
exhaust air (EA).
[0083]

The liquid absorbent that has flowed into the liquid-cooling heat exchanger (46) is
cooled by the refrigerant in the heat exchanger (46), and then flows into the liquid-based
dehumidification module (21). The liquid absorbent that has flowed into the liquid-based
dehumidification module (21) is dripped again from the dehumidification-side liquid feeder
(22) to the dehumidification-side gas-liquid contact portion (23).

[0084]
<Liquid Absorbent in Liquid Tank>

As described above, the liquid absorbent which has been recovered and had its
concentration increased and the liquid absorbent which has been used for dehumidification
and had its concentration decreased are contained and mixed in the liquid tank (24). The
mixture of the liquid absorbents circulates in the absorbent circuit (15) as described above.
However, in the first embodiment, the dehumidification capacity is less likely to be lowered
through the mixing of the absorbents. This is due to the following reasons.

[0085]

As described above, the dehumidification module (20) is configured to dehumidify
the target air (outdoor air (OA)) in two stages using the two modules, namely, the liquid-based
dehumidification module (21) and the refrigerant-cooling-based dehumidification module

(48). In particular, the liquid-based dehumidification module (21), which is positioned
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downstream in the flow direction of the target air, further dehumidifies the outdoor air (OA)
that has been cooled and dehumidified in the refrigerant-cooling-based dehumidification
module (48). Therefore, the dehumidification amount of the liquid-based dehumidification
module (21) is lower than that in the case where no refrigerant-cooling-based
dehumidification module (48) is provided, and the concentration of the liquid absorbent in the
liquid-based dehumidification module (21) differs by only about 1% or less before and after
dripping.

[0086]

Further, since the target air (outdoor air (OA)) is dehumidified in two stages, the
amount of liquid absorbent used in the dehumidification operation by the liquid-based
dehumidification module (21) is smaller than that in the case where the
refrigerant-cooling-based dehumidification module (48) is not provided and the
dehumidification is performed only by the liquid-based dehumidification module. Therefore,
the amount of liquid absorbent that flows into the liquid tank (24) after having its
concentration varied in the liquid-based dehumidification module (21) naturally decreases.
[0087]

In view of the foregoing, even if the liquid absorbent which has been recovered and
had its concentration increased and the liquid absorbent which has been used for the
dehumidification and had its concentration decreased are mixed together in the liquid tank
(24), it can be said that the degree of change in the concentration due to the mixing is very
small. In the first embodiment in which the mixture of the liquid absorbents is used for the
dehumidification in the liquid-based dehumidification module (21), the dehumidification
capacity is comparable to that in the case where the liquid absorbent immediately after the
recovery in the recovery module (31) is directly used for the dehumidification in the

liquid-based dehumidification module (21).
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[0088]

Therefore, unlike the case where separate liquid tanks are respectively provided for
the liquid-based dehumidification module (21) and the recovery module (31), the liquid tank
(24) to be shared between the liquid-based dehumidification module (21) and the recovery
module (31) can be provided without increasing the size of the liquid tank itself, as described
in the first embodiment. Provision of the single liquid tank (24) which is not upsized makes it
possible to downsize the humidity control apparatus (10). Further, the manufacturing cost of
the humidity control apparatus (10) can be reduced because only one liquid tank (24) is used.
[0089]
<Advantages>

In the first embodiment, the liquid absorbent is cooled by the refrigerant in the
liquid-cooling heat exchanger (46), and then supplied to the liquid-based dehumidification
module (21). In the liquid-based dehumidification module (21), the liquid absorbent absorbs
moisture from the target air (outdoor air (OA)) to dehumidify the air. The liquid absorbent is
heated by the refrigerant in the liquid-heating heat exchanger (44), and then supplied to the
recovery module (31). In the recovery module (31), the liquid absorbent that has absorbed
moisture from the target air and had its concentration reduced in the liquid-based
dehumidification module (21) is recovered by releasing the moisture in the air for recovery.
[0090]

In particular, according to the first embodiment, the target air (outdoor air (OA)) is
first cooled and dehumidified by the refrigerant in the refrigerant-cooling-based
dehumidification module (48), dehumidified in the liquid-based dehumidification module (21),
and then supplied to the room. Thus, regardless of the degree of the hygroscopic performance
of the liquid absorbent, the target air can be sufficiently dehumidified without intentionally

increasing the contact area between the liquid absorbent and the air in the liquid-based
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dehumidification module (21). That is, according to the first embodiment, the kind of usable
liquid absorbent increases.
[0091]

Moreover, the dehumidification is performed in the first stage by the
refrigerant-cooling-based dehumidification module (48), and in the second stage by the
liquid-based dehumidification module (21). Thus, the amount of the liquid absorbent can be
further reduced than that in the case where the dehumidification is performed using the liquid
absorbent alone, and in addition, it is not necessary to upsize the liquid tank (24). This can
reduce the size and cost of the humidity control apparatus (10). Further, since the evaporation
temperature in the refrigerant-cooling-based dehumidification module (48) in the first stage
can be made higher than that in the case where the dehumidification is performed using the
refrigerant-cooling-based dehumidification module alone. This can achieve good
dehumidification efficiency. Since the dehumidification is performed in two stages, the
dehumidification amount in the liquid-based dehumidification module (21) is kept from
increasing as compared to the case where the dehumidification is performed using the
liquid-based dehumidification module alone. This can reduce energy required for the
recovery.

[0092]

In addition, the refrigerant-cooling-based dehumidification module (48), the
liquid-cooling heat exchanger (46), and the liquid-heating heat exchanger (44) are connected
to the single refrigerant circuit (40). Therefore, the degree of dehumidification can be
controlled by, for example, changing the circulation amount of the refrigerant.

[0093]
In the first embodiment, the heat dissipation condenser (43) is provided. The heat

dissipation condenser (43) dissipates the heat of the refrigerant that has passed through the
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refrigerant-cooling-based dehumidification module (48) to a substance other than the air in
the room. Thus, heat generated in the refrigerant-cooling-based dehumidification module (48)
can be dissipated, which can keep the condensation temperature of the refrigerant from
increasing. Therefore, it is possible to avoid stopping of the dehumidification operation due to
deterioration or abnormality in the dehumidification efficiency of the entire humidity control
apparatus (10) accompanying the increase in the condensation temperature of the refrigerant.
[0094]

In the first embodiment, when the air-conditioning load is relatively small and the
amount of heat (condensation heat) generated in the refrigerant-cooling-based
dehumidification module (48) is small, the heat (adsorption heat) generated in the
refrigerant-cooling-based dehumidification module (48) can be sufficiently handled through
the heat dissipation to the air used for the recovery in the recovery module (31). Thus, the
condensation temperature of the refrigerant is relatively lowered. In the first embodiment,
when the condensation temperature of the refrigerant is equal to or less than the
predetermined value, the fan (43a) is stopped to stop the supply of the outdoor air (OA) to the
heat dissipation condenser (43). Therefore, as compared to the case where the heat dissipation
condenser (43) performs the heat exchange operation when the condensation temperature of
the refrigerant is equal to or less than the predetermined value, the recovery temperature of
the liquid absorbent increases, and the liquid absorbent is sufficiently recovered. Further,
since the supply of the heat dissipation fluid to the heat dissipation heat exchanger (43) is
stopped, the power consumption of the fan (43a) is saved.

[0095]
<<Second Embodiment>>
<Configuration>

FIG. 4 shows the configuration of a humidity control apparatus (10) of a second
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embodiment. In FIG. 4, the absorbent circuit (15) is configured in the same manner as that
shown in FIG. 1, but the refrigerant circuit (40) is configured slightly differently from that
shown in FIG. 1. In FIG. 4, like reference characters shown in FIG. 1 denote components
corresponding to those of FIG. 1. In the following description, only the components different
from those of FIG. 1 will be focused on.
[0096]

The same liquid absorbent as that described in the first embodiment is used.
[0097]
—Refrigerant Circuit-

The refrigerant circuit (40) includes a compressor (42), a heat dissipation condenser
(43), a liquid-heating heat exchanger (44), a first expansion valve (45a), a second expansion
valve (45b), a liquid-cooling heat exchanger (46), and a refrigerant-cooling-based
dehumidification module (48) connected together by connection pipes (40a to 40h). A fan
(43a) is disposed near the heat dissipation condenser (43).

[0098]

The refrigerant circuit according to the second embodiment is configured in the same
manner as that of the first embodiment shown in FIG. 1 except that the connection between
the liquid-cooling heat exchanger (46) and the refrigerant-cooling-based dehumidification
module (48) is different from that shown in FIG. 1.

[0099]
—First and Second Expansion Valves—

One end of the connection pipe (40d) is connected to a refrigerant outlet of the
liquid-heating heat exchanger (44). The other end of the connection pipe (40d) is connected to
one end of the connection pipe (40e) and one end of the connection pipe (40g). That is, the

path through which the refrigerant flows is branched into two from the other end of the
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connection pipe (40d). The first expansion valve (45a) is connected to the connection pipe
(40e) which is one of the branched paths, and the second expansion valve (45b) is connected
to the connection pipe (40g) which is the other branched path.

[0100]

Each of the first expansion valve (45a) and the second expansion valve (45b) is an
electronic expansion valve. The first expansion valve (45a) and the second expansion valve
(45b) decompress the refrigerant circulating in the refrigerant circuit (40) by changing their
opening degrees, and also adjust the flow rate of the refrigerant flowing through the
connection pipes (40e, 40f) and the connection pipes (40g, 40h).

[0101]

The other end of the connection pipe (40e) is connected to the refrigerant inlet of the
refrigerant-cooling-based dehumidification module (48), and the other end of the connection
pipe (409) is connected to the inlet of the refrigerant passage of the liquid-cooling heat
exchanger (46). The first expansion valve (45a) and the refrigerant-cooling-based
dehumidification module (48) are connected in parallel to the second expansion valve (45b)
and the liquid-cooling heat exchanger (46). Accordingly, the refrigerant that has been
decompressed, and had its inflow amount adjusted, by the first expansion valve (45a) flows
into the refrigerant-cooling-based dehumidification module (48), and the refrigerant that has
been decompressed, and had its inflow amount adjusted, by the second expansion valve (45b)
flows into the liquid-cooling heat exchanger (46).

[0102]
—Controller—

The humidity control apparatus (10) of the second embodiment includes a controller

(50). The controller (50) functions as a supply control unit (51) for controlling the operation

of the fan (43a), and also functions as a mode operation control unit (52) described below.
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[0103]
—Mode Operation Control Unit—

Depending on the magnitude of the air-conditioning load, the target air can be
sufficiently dehumidified only by the liquid-based dehumidification module (21) without
using the refrigerant-cooling-based dehumidification module (48), and vice versa. For
example, if both of the liquid-based dehumidification module (21) and the
refrigerant-cooling-based dehumidification module (48) are used for the dehumidification as
described in the first embodiment in the case where only a sensible heat load needs to be
handled, energy is consumed not only in the handling of the sensible heat load, but also in the
handling of a latent heat load. In the configuration of the first embodiment, it is difficult to
adjust the ratio between the energy consumed in the handling of the latent heat load and the
energy consumed in the handling of the sensible heat load.

[0104]

Therefore, as shown in FIG. 5, the mode operation control unit (52) controls the
absorbent circuit (15) and the refrigerant circuit (40) so that the operation mode of the
humidity control apparatus (10) is switched to one of the following five modes, mainly in
accordance with the state of the air-conditioning load. This control can stop the operation of
the pump (37) and the compressor (42) when the operation the pump (37) and the compressor
(42) are unnecessary, and the power consumption of these components (37, 42) can be saved.
(First Operation Mode) The target air is dehumidified by both of the liquid-based
dehumidification module (21) and the refrigerant-cooling-based dehumidification module
(48), and the refrigerant circulates in the refrigerant circuit (40).

(Second Operation Mode) The target air is dehumidified only by the liquid-based
dehumidification module (21), and the refrigerant circulates in the refrigerant circuit (40).

(Third Operation Mode) The target air is dehumidified only by the liquid-based
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dehumidification module (21), and the refrigerant does not circulate and the liquid absorbent
circulates in the absorbent circuit (15).

(Fourth Operation Mode) The target air is dehumidified only by the refrigerant-cooling-based
dehumidification module (48), and the liquid absorbent does not circulate in the absorbent
circuit (15).

(Fifth Operation Mode) The target air is dehumidified by both of the refrigerant-cooling-based
dehumidification module (48) and the liquid-based dehumidification module (21), and the
absorbent circulates in the absorbent circuit (15) without being heated and cooled.

The first and fifth operation modes correspond to a first dehumidification operation mode.
The second and third operation modes correspond to a second dehumidification operation
mode. The fourth operation mode corresponds to a third dehumidification operation mode.
[0105]

As shown in FIG. 5, the first operation mode is selected in a high load state in which
the air-conditioning load is equal to or more than a first predetermined load. In the first
operation mode, the outdoor air (OA) is dehumidified by both of the dehumidification
modules (21, 48). Thus, this is suitable for the case where both of the latent heat load and the
sensible heat load are high.

[0106]

The second operation mode is selected in a mid-load state in which the
air-conditioning load is below the first predetermined load, and is equal to or more than a
second predetermined load which is lower than the first predetermined load. In the second
operation mode, the outdoor air (OA) is neither cooled nor dehumidified by the
refrigerant-cooling-based dehumidification module (48), but is dehumidified by the
liquid-based dehumidification module (21). Thus, this is suitable for the case where the

sensible heat load is not so high, but the latent heat load is high.
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[0107]

The third operation mode is selected in a low load state in which the air-conditioning
load is below the second predetermined load.
[0108]

In the fourth operation mode, the target air (outdoor air (OA)) is not dehumidified by
the liquid-based dehumidification module (21), but is cooled and dehumidified only by the
refrigerant-cooling-based dehumidification module (48). Therefore, the fourth operation mode
is selected when the sensible heat load is high, but the latent heat load is not so high, that is,
when the sensible heat load needs to be actively handled. The fourth operation mode is also
suitable for the start-up of the humidity control apparatus (10), for example.

[0109]

The fifth operation mode is selected when the liquid absorbent immediately before
being used for the dehumidification in the dehumidification module (20) has a relatively high
concentration, and does not need to be intentionally cooled in the liquid-cooling heat
exchanger (46) immediately before the dehumidification.

[0110]

The air-conditioning load can be calculated based on the temperature and humidity of
the target air (outdoor air (OA)) at the inlet of the dehumidification module (20), and the
target temperature and target humidity of the room. As an example, the sensible heat load may
be calculated from the difference between the target temperature and the temperature of the
outdoor air (OA) at the inlet, and the latent heat load may be calculated from the difference
between the target humidity and the humidity of the outdoor air (OA) at the inlet.

[0111]
As described above, switching the operation mode mainly according to the

air-conditioning load can appropriately change the level of priority given to the handing of the
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latent heat load and the handing of the sensible heat load.
[0112]
<Operation of Humidity Control Apparatus>

How the humidity control apparatus (10) is operated in each of the first to fifth
operation modes will be described below with reference to FIGS. 6 to 10.

[0113]
—First Operation Mode—

In the refrigerant circuit (40), the refrigerant is diverged into the liquid-cooling heat
exchanger (46) and the refrigerant-cooling-based dehumidification module (48).

[0114]

Specifically, as shown in FIG. 6, in the refrigerant circuit (40), the compressor (42) is
operated; the heat dissipation condenser (43) and the liquid-heating heat exchanger (44)
function as refrigerant condensers; and the liquid-cooling heat exchanger (46) and the
refrigerant-cooling-based dehumidification module (48) function as refrigerant evaporators.
Both of the first expansion valve (45a) and the second expansion valve (45b) are opened to a
predetermined opening degree.

[0115]

The refrigerant compressed in the compressor (42) is condensed through dissipation
of heat to the heat dissipation fluid (outdoor air (OA)) in the heat dissipation condenser (43),
and is then further condensed through dissipation of heat to the liquid absorbent in the
liquid-heating heat exchanger (44). The refrigerant that has flowed out of the liquid-heating
heat exchanger (44) is diverged into the connection piping (40e) and the connection piping
(409) via the connection piping (40d). Flows of the refrigerant passing through the connection
pipes (40e, 40g) are decompressed by the first expansion valve (45a) and the second

expansion valve (45b), respectively.
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[0116]

The refrigerant that has been decompressed by the first expansion valve (45a)
absorbs moisture from the target air (outdoor air (OA)) passing through the
refrigerant-cooling-based dehumidification module (48) to evaporate in this module (48),
thereby cooling and dehumidifying the outdoor air. The refrigerant that has been
decompressed by the second expansion valve (45b) absorbs heat from the liquid absorbent in
the liquid-cooling heat exchanger (46) to evaporate. The refrigerant that has flowed out of the
refrigerant-cooling-based dehumidification module (48) and the refrigerant that has flowed
out of the liquid-cooling heat exchanger (46) merge together at a junction of the connection
pipes (40h, 40f, 40a), and the merged refrigerant is sucked into the compressor (42).

[0117]

In the absorbent circuit (15), the liquid absorbent is heated and cooled in the
liquid-heating heat exchanger (44) and the liquid-cooling heat exchanger (46). Since the
absorbent circuit (15) is operated in the same manner as the absorbent circuit (15) of the first
embodiment, the description of the operation will not be repeated.

[0118]

Thus, in the dehumidification module (20), the target air (outdoor air (OA)) is
sequentially dehumidified by the refrigerant-cooling-based dehumidification module (48) and
the liquid-based dehumidification module (21), and supplied to the room as supply air (SA).
In the liquid tank (24), the liquid absorbent that has had its concentration increased in the
recovery module (31) and the liquid absorbent that has had its concentration decreased in the
liquid-based dehumidification module (21) are mixed together.

[0119]
The air used for the recovery of the liquid absorbent is discharged to the outside as

exhaust air (EA).
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[0120]
—Second Operation Mode-—

In the refrigerant circuit (40), as shown in FIG. 7, the refrigerant does not flow
through the connection pipes (40e, 40f). Thus, the target air (outdoor air (OA)) is neither
cooled nor dehumidified in the refrigerant-cooling-based dehumidification module (48), and
no condensation water is stored in the drain pan (48a). In the second operation mode, the
operation is performed in the same manner as that shown in FIG. 6 except for this feature.
[0121]

Specifically, in the refrigerant circuit (40), the compressor (42) is operated, the heat
dissipation condenser (43) and the liquid-heating heat exchanger (44) function as refrigerant
condensers, and the liquid-cooling heat exchanger (46) functions as a refrigerant evaporator.
The first expansion valve (45a) is fully closed, and the second expansion valve (45b) is
opened to a predetermined opening degree.

[0122]

The refrigerant compressed in the compressor (42) is condensed through dissipation
of heat to the heat dissipation fluid (outdoor air (OA)) in the heat dissipation condenser (43),
and is then further condensed through dissipation of heat to the liquid absorbent in the
liquid-heating heat exchanger (44). The refrigerant that has flowed out of the liquid-heating
heat exchanger (44) does not flow into the connection pipe (40e), but entirely flows into the
connection pipe (40g), and is decompressed by the second expansion valve (45b). The
refrigerant that has been decompressed absorbs heat from the liquid absorbent in the
liquid-cooling heat exchanger (46) to evaporate, and then is sucked into the compressor (42).
[0123]

In the absorbent circuit (15), the liquid absorbent is heated and cooled in the

liquid-heating heat exchanger (44) and the liquid-cooling heat exchanger (46). Since the
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absorbent circuit (15) is operated in the same manner as the absorbent circuit (15) of the first
embodiment, the description of the operation will not be repeated.
[0124]

Thus, in the dehumidification module (20), the target air (outdoor air (OA)) is
dehumidified only by the liquid-based dehumidification module (21), and is supplied to the
room as supply air (SA). In the liquid tank (24), the liquid absorbent that has had its
concentration increased in the recovery module (31) and the liquid absorbent that has had its
concentration decreased in the liquid-based dehumidification module (21) are mixed together.
[0125]

The air used for the recovery of the liquid absorbent is discharged to the outside as
exhaust air (EA).

[0126]
—Third Operation Mode—

As shown in FIG. 8, in the refrigerant circuit (40), the compressor (42) stops
operating, and both of the first expansion valve (45a) and the second expansion valve (45b)
are fully closed. Therefore, in the third operation mode, the refrigerant does not circulate in
the refrigerant circuit (40), and the refrigerant circuit (40) does not function as the heat pump
heat source of the absorbent circuit (15). In the refrigerant-cooling-based dehumidification
module (48), the target air (outdoor air (OA)) is neither cooled nor dehumidified, and no
condensation water is stored in the drain pan (48a).

[0127]

In the absorbent circuit (15), the liquid absorbent circulates, but does not exchange
heat with the refrigerant. That is, the liquid absorbent is neither heated nor cooled. The target
air (outdoor air (OA)) which has been neither cooled nor dehumidified by the

refrigerant-cooling-based dehumidification module (48) passes through the liquid-based
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dehumidification module (21).
[0128]

Specifically, in the absorbent circuit (15), the pump (37) is operated, and the flow
control valve (39) is opened to a predetermined opening degree. In the liquid-based
dehumidification module (21), the liquid absorbent is dripped from the dehumidification-side
liquid feeder (22) to the dehumidification-side gas-liquid contact portion (23). The target air
(outdoor air (OA)) whose humidity has not been controlled by the refrigerant-cooling-based
dehumidification module (48) passes through the dehumidification-side gas-liquid contact
portion (23), and the dripped liquid absorbent absorbs moisture from the target air to
dehumidify the air. The air dehumidified in the liquid-based dehumidification module (21) is
supplied to the room as supply air (SA).

[0129]

The liquid absorbent that has absorbed moisture from the target air (outdoor air
(OA)) and had its concentration decreased is once stored in the liquid tank (24), and then
flows into the liquid-heating heat exchanger (44) and the liquid-cooling heat exchanger (46).
[0130]

The liquid absorbent that has flowed into the liquid-heating heat exchanger (44)
passes through the heat exchanger (44) without exchanging heat with the refrigerant, and
flows into the recovery module (31). The liquid absorbent that has flowed into the recovery
module (31) is dripped from the recovery-side liquid feeder (32) to the recovery-side
gas-liquid contact portion (33). The liquid absorbent dripped to the recovery-side gas-liquid
contact portion (33) releases the moisture to the supplied recovery air (room air (RA)) to have
its concentration increased, and thus, is recovered. The liquid absorbent is once received by
the recovery-side liquid receiver (34), and is stored in the liquid tank (24) after passing

through the connection pipe (15c).
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[0131]

The air used for the recovery of the liquid absorbent is discharged to the outside as
exhaust air (EA).
[0132]

The liquid absorbent flowed into the liquid-cooling heat exchanger (46) passes
through the heat exchanger (46) without exchanging heat with the refrigerant, and flows into
the liquid-based dehumidification module (21). The liquid absorbent that has flowed into the
liquid-based dehumidification module (21) is dripped again from the dehumidification-side
liquid feeder (22) to the dehumidification-side gas-liquid contact portion (23).

[0133]

Thus, in the dehumidification module (20), the target air (outdoor air (OA)) is
dehumidified only by the liquid-based dehumidification module (21), and is supplied to the
room as supply air (SA). In the liquid tank (24), the liquid absorbent that has had its
concentration increased in the recovery module (31) and the liquid absorbent that has had its
concentration decreased in the liquid-based dehumidification module (21) are mixed together.
[0134]

In particular, in the third operation mode, the liquid absorbent is neither heated nor
cooled by the refrigerant in the liquid-heating heat exchanger (44) and the liquid-cooling heat
exchanger (46). Therefore, the degree of dehumidification of the target air (outdoor air (OA))
in the third operation mode is lower than that in the second operation mode.

[0135]
—Fourth Operation Mode-

As shown in FIG. 9, in the absorbent circuit (15), the pump (37) is not operated, and
the liquid absorbent does not circulate in the absorbent circuit (15). Therefore, in the

absorbent circuit (15), no dehumidification operation is performed in the liquid-based
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dehumidification module (21); no recovery operation is performed in the recovery module
(31); and no heat exchange between the liquid absorbent and the refrigerant (i.e., heating and
cooling of the liquid absorbent) is performed in the heat exchangers (44, 46).

[0136]

In the refrigerant circuit (40), the compressor (42) is operated; the first expansion
valve (45a) is opened to a predetermined opening degree; and the second expansion valve
(45Db) is fully closed. The refrigerant circulates through the heat dissipation condenser (43),
the liquid-heating heat exchanger (44), and the refrigerant-cooling-based dehumidification
module (48), but does not flow into the liquid-cooling heat exchanger (46).

[0137]

Specifically, the refrigerant compressed in the compressor (42) is condensed through
dissipation of heat to the target air (outdoor air (OA)) in the heat dissipation condenser (43),
and then flows into the liquid-heating heat exchanger (44). Passing through the liquid-heating
heat exchanger (44) without exchanging heat with the liquid absorbent, the refrigerant does
not flow from the connection pipe (40d) to the connection pipe (40g), but entirely flows from
the connection pipe (40d) to the connection pipe (40e), and is decompressed by the first
expansion valve (45a). The decompressed refrigerant cools and dehumidifies the target air
(outdoor air (OA)) in the refrigerant-cooling-based dehumidification module (48) to evaporate,
and then is sucked into the compressor (42).

[0138]

Thus, the target air (outdoor air (OA)) cooled and dehumidified in the
refrigerant-cooling-based dehumidification module (48) is supplied to the room as supply air
(SA) without being further dehumidified by the liquid-based dehumidification module (21). In
the refrigerant-cooling-based dehumidification module (48), condensed water is stored in the

drain pan (48a), and is discharged through the drainage pipe (48b).
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[0139]

Since the liquid absorbent does not circulate in the absorbent circuit (15), no liquid
absorbent flows from the modules (21, 31) into the liquid tank (24).

[0140]
—Fifth Operation Mode—

As shown in FIG. 10, in the refrigerant circuit (40), the operation is performed in the
same manner as in the fourth operation mode shown in FIG. 9. Unlike in the fourth operation
mode, a relatively high concentration liquid absorbent circulates in the absorbent circuit (15).
In the fifth operation mode, the liquid absorbent is neither heated nor cooled by the refrigerant
in the liquid-heating heat exchanger (44) and the liquid-cooling heat exchanger (46). However,
since the concentration of the liquid absorbent is relatively high, the dehumidification
operation is performed in the liquid-based dehumidification module (21).

[0141]

Thus, in the dehumidification module (20), the outdoor air (OA) is sequentially
dehumidified in the refrigerant-cooling-based dehumidification module (48) and the
liquid-based dehumidification module (21), and is supplied to the room as supply air (SA).
Thus, the liquid tank (24) stores the relatively high concentration liquid absorbent which
continues to circulate.

[0142]
—Selection of Operation Mode—

In summary, the second and third operation modes may be regarded as modes in
which the refrigerant-cooling-based dehumidification module (48) is not used. The third,
fourth, and fifth operation modes can be regarded as modes in which the liquid absorbent is
not cooled in the liquid-cooling heat exchanger (46).

[0143]
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The refrigerant-cooling-based dehumidification module (48) is suitably used when
the temperature of the target air (outdoor air (OA)) at the inlet of the dehumidification module
(20) is relatively high. The liquid-cooling heat exchanger (46) is suitably used when the
humidity of the target air (outdoor air (OA)) at the inlet of the dehumidification module (20)
is relatively high, and the dehumidification operation using the liquid absorbent is required.
[0144]

Accordingly, when both of the temperature and humidity of the room are high, it can
be said that the first operation mode is desirable in which the target air (outdoor air (OA)) is
cooled and dehumidified in the refrigerant-cooling-based dehumidification module (48), and
in addition, the liquid absorbent before being used for the dehumidification in the liquid-based
dehumidification module (21) is dehumidified in the liquid-cooling heat exchanger (46).
[0145]
<Advantages>

The humidity control apparatus (10) according to the second embodiment has the
following advantages in addition to those of the first embodiment.

[0146]

In the second embodiment, the mode operation control unit (52) controls the
absorbent circuit (15) and the refrigerant circuit (40) so that the humidity control apparatus is
operated in any one of the first to fifth operation modes. Thus, the dehumidification operation
suitable for the air-conditioning load, for example, can be performed.

[0147]
<<Third Embodiment>>

In the first and second embodiments, the controller (50) (corresponding to the

refrigerant circuit control unit) may control the refrigerant circuit (40) so that the temperature

of the liquid absorbent and the temperature of the target air (outdoor air (OA)) satisfy the
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condition “the temperature of the liquid absorbent at the inlet of the liquid-based
dehumidification module (21) < the temperature of the air at the outlet of the
refrigerant-cooling-based dehumidification module (48).” That is, the controller (50) of the
present embodiment controls the refrigerant circuit (40) so that the temperature of the target
air (outdoor air (OA)) that has flowed out of the refrigerant-cooling-based dehumidification
module (48) and is not dehumidified yet by the liquid-based dehumidification module (21)
becomes equal to or higher than the temperature of the liquid absorbent flowing into the
liquid-based dehumidification module (21).

[0148]

With reference to FIG. 11, description will be given of an example of a method for
measuring the temperature of the liquid absorbent and the temperature of the outdoor air (OA)
and a method for controlling the refrigerant circuit (40). FIG. 11 shows the configuration of
the humidity control apparatus (10) of the second embodiment in the case where the
above-described control of the present embodiment is performed.

[0149]

As shown in FIG. 11, the humidity control apparatus (10) is provided with an air
temperature sensor (T1) for measuring the temperature of the outdoor air (OA), and a liquid
temperature sensor (T2) for measuring the temperature of the liquid absorbent. The air
temperature sensor (T1) is provided near the outlet for the outdoor air (OA) of the
refrigerant-cooling-based dehumidification module (48), and detects the temperature of the
outdoor air (OA) that has flowed out of the refrigerant-cooling-based dehumidification
module (48) and is not dehumidified yet by the liquid-based dehumidification module (21).
The liquid temperature sensor (T2) is provided near the drip ports for the liquid absorbent of
the dehumidification-side liquid feeder (22), and detects the temperature of the liquid

absorbent dripped from the dehumidification-side liquid feeder (22) to the
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dehumidification-side gas-liquid contact portion (23).
[0150]

The humidity control apparatus (10) is further provided with two
temperature-humidity sensors (T3, T4). The temperature-humidity sensor (T3) is provided
near the inlet for the outdoor air (OA) of the refrigerant-cooling-based dehumidification
module (48), and detects the temperature and humidity of the outdoor air (OA) (i.e., the
outdoor air (OA) before being dehumidified) supplied to the refrigerant-cooling-based
dehumidification module (48). The temperature-humidity sensor (T4) is provided near the
inlet for the room air (RA) of the recovery module (31), and detects the temperature and
humidity of the room air (RA) (i.e., the room air before being used for recovery of the liquid
absorbent) supplied to the recovery module (31).

[0151]

The controller (50) determines a target value of the temperature of the liquid
absorbent at the inlet of the liquid-based dehumidification module (21) and a target value of
the temperature of the air at the outlet of the refrigerant-cooling-based dehumidification
module (48) in accordance with the humidity of the room air (RA) detected by the
temperature-humidity sensor (T4) or the set temperature of the supply air (SA) supplied to the
room, and the temperature and humidity of the outdoor air (OA) detected by the
temperature-humidity sensor (T3). In a preferred embodiment, each of the target values is
determined by using a calculation formula or the like which satisfies the following condition:
“the temperature of the liquid absorbent at the inlet of the liquid-based dehumidification
module (21) < the temperature of the air at the outlet of the refrigerant-cooling-based
dehumidification module (48).”

[0152]

This calculation formula is determined by a desktop calculation or an empirical
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expression.
[0153]

Then, the controller (50) adjusts the number of revolutions (operation frequency),
which is the output of the compressor (42), and the opening degree of each of the first
expansion valve (45a) and the second expansion valve (45b), so that the actual detection value
of the air temperature sensor (T1) reaches the target value of the temperature of the air at the
outlet of the refrigerant-cooling-based dehumidification module (48) and the actual detection
value of the liquid temperature sensor (T2) reaches the target value of the temperature of the
liquid absorbent at the inlet of the liquid-based dehumidification module (21).

[0154]

FIG. 12 shows the configuration of the humidity control apparatus (10) of the first
embodiment in the case where the above-described control of the present embodiment is
performed. Also in FIG. 12, the method of controlling the refrigerant circuit (40) as described
above can be employed to satisfy the condition “the temperature of the liquid absorbent at the
inlet of the liquid-based dehumidification module (21) < the temperature of the air at the
outlet of the refrigerant-cooling-based dehumidification module (48).”

[0155]
<Advantages>

In the present embodiment, the following advantages are obtained in addition to
those of the first and second embodiments.
[0156]

The controller (50) of the present embodiment controls the refrigerant circuit (40) so
that the temperature of the outdoor air (OA) that has flowed out of the
refrigerant-cooling-based dehumidification module (48) and is not dehumidified yet by the

liquid-based dehumidification module (21) becomes equal to or higher than the temperature
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of the liquid absorbent flowing into the liquid-based dehumidification module (21). This can
avoid a phenomenon in which the outdoor air (OA) is excessively cooled and dehumidified by
the refrigerant-cooling-based dehumidification module (48), and the dehumidification amount
in the liquid-based dehumidification module (21) is significantly decreased, as a result of
which the efficiency of dehumidification of the outdoor air (OA) by the entire humidity
control apparatus (10) is impaired. Further, this can reduce the possibility of the occurrence of
so-called reheat loss in which the outdoor air (OA) cooled and dehumidified by the
refrigerant-cooling-based dehumidification module (48) is reheated by the liquid absorbent in
the liquid-based dehumidification module (21).

[0157]

<<Other Embodiments>>

As shown in FIG. 13, a plurality of refrigerant-cooling-based dehumidification
modules (48) may be provided. FIG. 13 illustrates an example in which the
refrigerant-cooling-based dehumidification module (48) includes a first module (48c) and a
second module (48d).

[0158]

The first module (48c) and the second module (48d) are arranged such that the
second module (48d) is positioned upstream of the first module (48c) in the flow direction of
the outdoor air (OA) which is the target air. The first module (48c) is connected to the
refrigerant circuit (40) (e.g., the liquid-cooling heat exchanger (46) and the compressor (42)
shown in FIG. 1), and the second module (48d) is connected to neither of the refrigerant
circuit (40) nor the absorbent circuit (15). Thus, the outdoor air (OA), which is the target air,
is first subjected to the handling of sensible heat in the second module (48d), and then is
cooled and dehumidified in the first module (48c). The target air that has been cooled and

dehumidified is further dehumidified by the liquid absorbent in the liquid-based
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dehumidification module (21). Specifically, in FIG. 13, the outdoor air (OA) is humidified in
three stages. Thus, compared to the examples shown in FIGS. 1 and 4, the sensible heat load
and the latent heat load can be handled at a more suitable temperature, which can improve the
dehumidification efficiency.

[0159]

In particular, FIG. 13 illustrates the case where the second module (48d) is connected
to, for example, a geothermal heat exchanger, a cooling tower, or the like. This configuration
makes it possible for the second module (48d) to effectively use a different heat source.
Furthermore, since the second module (48d) and the first module (48c) use different heat
sources, the degree of humidity control of the target air by the second module (48d) and the
degree of humidity control of the target air by the first module (48c) can be reliably
distinguished.

[0160]

The heat dissipation fluid to which the heat dissipation condenser (43) dissipates heat
may be a substance other than the room air (RA), such as water. In this case, the heat
dissipation condenser (43) is configured as a heat exchanger which exchanges heat between a
refrigerant and water. Instead of providing the fan (43a) shown in FIGS. 1 and 4, the outdoor
unit (41) may be provided with a water circulation circuit (61) having a pump (62) for
supplying water to the heat dissipation condenser (43) as shown in FIG. 14. Thus, the heat
dissipation condenser (43) can dissipate the condensation heat of the refrigerant generated in
the refrigerant-cooling-based dehumidification module (48) to water.

[0161]

The heat dissipation condenser (43) and the fan (43a) are not essential, and may be

omitted.

[0162]
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Even when the heat dissipation condenser (43) is provided, the condition for stopping
the supply of the heat dissipation fluid to the heat dissipation condenser (43) is not limited to
the condensation temperature of the refrigerant which is equal to or lower than a
predetermined value. For example, when the latent heat load is equal to or less than a
predetermined load, the supply control unit (51) may determine that heat (condensation heat)
to be handled by the heat dissipation condenser (43) is not generated in the
refrigerant-cooling-based dehumidification module (48), and may stop the operation of the
fan (43a). In this case, when the latent heat load exceeds the predetermined load, the supply
control unit (51) determines that heat (condensation heat) to be handled by the heat
dissipation condenser (43) is generated in the refrigerant-cooling-based dehumidification
module (48), and operates the fan (43a). Whether the latent heat load exceeds the
predetermined load or not may be determined based on whether the dew point temperature of
the outdoor air (OA) is higher than the evaporation temperature of the refrigerant or not. That
is, in the case where the amount of heat (condensation heat) generated in the
refrigerant-cooling-based dehumidification module (48) is so large that the amount of heat
generated in the two dehumidification modules (21, 48) cannot be handled only through the
heat dissipation in the recovery module (31), the fan (43a) is operated to dissipate heat in the
heat dissipation condenser (43).

[0163]

The first to fifth operation modes according to the second embodiment may be
switched under the conditions different from those described in the second embodiment.
[0164]

In the third embodiment, the temperature of the liquid absorbent may be estimated
based on, for example, the temperature in the pipe connected to the liquid-cooling heat

exchanger (46), instead of direct detection by the liquid temperature sensor (T2). Further, the
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temperature of the target air (outdoor air (OA)) may be estimated based on, for example, the
result of detection of the temperature-humidity sensor (T3), instead of the direct detection by

the air temperature sensor (T1).

INDUSTRIAL APPLICABILITY
[0165]

As can be seen in the foregoing, the present invention makes it possible to
sufficiently dehumidify the target air without intentionally increasing the contact area between
the liquid absorbent and the air in the liquid-based dehumidification unit, regardless of the
degree of the hygroscopic performance of the liquid absorbent. Therefore, the present
invention is useful for a humidity control apparatus that can be installed in a place where it is

hard to install a large humidity control apparatus.

DESCRIPTION OF REFERENCE CHARACTERS

[0166]

10 Humidity Control Apparatus

15 Absorbent Circuit

21 Liquid-based Dehumidification Module (Liquid-based Dehumidification Unit)
31 Recovery Unit

37 Pump

40 Refrigerant Circuit

43 Heat Dissipation Condenser (Heat Dissipation Heat Exchanger)

46 Liquid-Cooling Heat Exchanger

48 Refrigerant-Cooling-Based Dehumidification Module (Refrigerant-Cooling-Based

Dehumidification Unit)
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50 Controller (Refrigerant Circuit Control Unit)
51 Supply Control Unit

52 Mode Operation Control Unit
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CLAIMS

1. A humidity control apparatus, comprising:

an absorbent circuit (15) connecting a liquid-based dehumidification unit (21) which
causes a liquid absorbent to absorb moisture in target air to dehumidify the target air, a
recovery unit (31) which releases the moisture in the liquid absorbent to air for recovery to
recover the liquid absorbent, and a pump (37) capable of circulating the liquid absorbent
between the liquid-based dehumidification unit (21) and the recovery unit (31);

a liquid-cooling heat exchanger (46) which is connected to the absorbent circuit (15)
and cools, with a refrigerant, the liquid absorbent before being used for dehumidification in
the liquid-based dehumidification unit (21); and

a refrigerant-cooling-based dehumidification unit (48) which is positioned upstream
of the liquid-based dehumidification unit (21) in a flow direction of the target air, and cools
and humidifies, with the refrigerant, the target air before being dehumidified in the
liquid-based dehumidification unit (21), wherein

the liquid-cooling heat exchanger (46) and the refrigerant-cooling-based
dehumidification unit (48) are connected to a single refrigerant circuit (40) together with a
liquid-heating heat exchanger (44) which heats the liquid absorbent before being recovered by

the recovery unit (31) with the refrigerant.

2. The humidity control apparatus of claim 1, wherein

the target air dehumidified in the refrigerant-cooling-based dehumidification unit
(48) and the liquid-based dehumidification unit (21) is supplied into a room, and

a heat dissipation heat exchanger (43) is further connected to the refrigerant circuit

(40), the heat dissipation heat exchanger (43) dissipating heat of the refrigerant that has
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passed through the refrigerant-cooling-based dehumidification unit (48) to a heat dissipation

fluid other than the air in the room.

3. The humidity control apparatus of claim 2, further comprising:
a supply control unit (51) which stops supply of the heat dissipation fluid to the heat
dissipation heat exchanger (43) when a condensation temperature of the refrigerant in the

refrigerant circuit (40) is equal to or lower than a predetermined value.

4. The humidity control apparatus of any one of claims 1 to 3, further
comprising:

a mode operation control unit (52) which controls the absorbent circuit (15) and the
refrigerant circuit (40) such that the humidity control apparatus (10) is operated in any one of
a first dehumidification mode in which the target air is dehumidified by the liquid-based
dehumidification unit (21) and the refrigerant-cooling-based dehumidification unit (48),

a second dehumidification mode in which the target air is not dehumidified by the
refrigerant-cooling-based dehumidification unit (48), but is dehumidified by the liquid-based
dehumidification unit (21), or

a third dehumidification mode in which the target air is not dehumidified by the
liquid-based dehumidification unit (21), but is dehumidified by the refrigerant-cooling-based

dehumidification unit (48).

5. The humidity control apparatus of any one of claims 1 to 4, further
comprising:
a refrigerant circuit control unit (50) which controls the refrigerant circuit (40) such

that a temperature of the target air that has flowed out of the refrigerant-cooling-based
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dehumidification unit (48) and is not dehumidified yet by the liquid-based dehumidification
unit (21) is equal to or higher than a temperature of the liquid absorbent flowing into the

liquid-based dehumidification unit (21).
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