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(57) ABSTRACT 

A humidity control system (10) includes a refrigerant circuit 
(50) including a compressor (53), a ?rst adsorption heat 
exchanger (51) carrying an adsorbent thereon, an expansion 
Valve (55) adjustable in opening and a second adsorption heat 
exchanger (52) carrying an adsorbent thereon, supplies 
humidity-controlled air to a room by operating alternately in 
a ?rst batch mode in Which the second adsorption heat 
exchanger (52) adsorbs moisture in air and the ?rst adsorption 
heat exchanger (51) releases moisture to air and a second 
batch mode in Which the ?rst adsorption heat exchanger (51) 
adsorbs moisture in air and the second adsorption heat 
exchanger (52) releases moisture to air, controls the opening 
of the expansion Valve (55), sets, upon start of the ?rst batch 
mode, the opening of the expansion Valve (55) to that at the 
end of the preceding ?rst batch mode and sets, upon start of 
the second batch mode, the opening of the expansion Valve 
(55) to that at the end of the preceding second batch mode. 
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HUMIDITY CONTROL SYSTEM 

TECHNICAL FIELD 

[0001] This invention relates to a humidity control system 
and particularly relates to measures to control the opening of 
an expansion valve in the humidity control system. 

BACKGROUND ART 

[0002] Humidity control systems are conventionally 
knoWn Which include a refrigerant circuit contained in a 
casing and operating in a vapor compression refrigeration 
cycle and control the humidity in a room by sWitching the air 
?oW path in the casing (see, for example, Patent Document 1). 
[0003] The refrigerant circuit in such a humidity control 
system includes tWo heat exchangers carrying an adsorbent 
thereon and is con?gured to reversibly sWitch the direction of 
refrigerant circulation. 
[0004] The humidity control system during a dehumidi? 
cation operation operates in a ?rst batch mode of dehumidi 
fying outside air taken in the system through the ?rst heat 
exchanger serving as an evaporator and then supplying it to a 
room and, concurrently, giving to room air taken in the system 
moisture released from the adsorbent of the second heat 
exchanger serving as a condenser to regenerate the adsorbent 
and exhausting the humidi?ed room air. Next, the humidity 
control system during the dehumidi?cation operation 
sWitches the direction of refrigerant circulation in the refrig 
erant circuit and the air ?oW path in the casing to operate in a 
second batch mode of dehumidifying outside air taken in the 
system through the second heat exchanger serving as an 
evaporator and then supplying it to the room and, concur 
rently, giving to room air taken in the system moisture 
released from the adsorbent of the ?rst heat exchanger serving 
as a condenser to regenerate the adsorbent and exhausting the 
humidi?ed room air. 
[0005] On the other hand, the humidity control system dur 
ing a humidi?cation operation operates in a ?rst batch mode 
of humidifying outside air through the ?rst heat exchanger 
serving as a condenser and then supplying it to the room and, 
concurrently, dehumidifying room air through the second 
heat exchanger serving as an evaporator and then exhausting 
it, and a second batch mode of humidifying outside air 
through the second heat exchanger serving as a condenser and 
then supplying it to the room and, concurrently, dehumidify 
ing room air through the ?rst heat exchanger serving as an 
evaporator and then exhausting it. 
[0006] In this manner, the humidity control system controls 
the humidity in the room by operating alternately in the ?rst 
and second batch modes. 

Patent Document 1: Published Japanese Patent Application 
No. 2004-294048 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

[0007] HoWever, the knoWn humidity control system has no 
measure to control the opening of an expansion valve in the 
refrigerant circuit. Therefore, there is a demand to provide a 
neW means of controlling the expansion valve. 
[0008] Speci?cally, the refrigerant circuit of the above 
humidity control system sWitches betWeen the ?rst and sec 
ond batch modes, for example, every three minutes. There 
fore, the variation in the degree of refrigerant superheat is 
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larger than that in air conditioners, Which invites a problem 
that controls on expansion valves employed in conventional 
air conditioners cannot be applied to the humidity control 
system as they are. 
[0009] The present invention has been made in vieW of the 
above point and, therefore, an object of the invention is to 
provide neW means of controlling the expansion valve in the 
humidity control system. 

Means to Solve the Problem 

[0010] A ?rst aspect of the invention is directed to a humid 
ity control system that includes a refrigerant circuit (50) 
including a compressor (53), a ?rst heat exchanger (51) car 
rying an adsorbent thereon, an expansion valve (55) adjust 
able in opening and a second heat exchanger (52) carrying an 
adsorbent thereon and supplies humidity-controlled air to a 
room by operating alternately in a ?rst batch mode in Which 
the second heat exchanger (52) adsorbs moisture in air and the 
?rst heat exchanger (51) releases moisture to air and a second 
batch mode in Which the ?rst heat exchanger (51) adsorbs 
moisture in air and the second heat exchanger (52) releases 
moisture to air. The humidity control system further includes 
an opening control means (32) for controlling the opening of 
the expansion valve (55). In addition, the humidity control 
system further includes an initialiZation means (33) for set 
ting the initial opening control value of the opening control 
means (32) for each of the ?rst and second batch modes to 
alloW, upon start of the ?rst batch mode, the opening of the 
expansion valve (55) to be ?xed to that of the expansion valve 
(55) at the end of the preceding ?rst batch mode and alloW, 
upon start of the second batch mode, the opening of the 
expansion valve (55) to be ?xed to that of the expansion valve 
(55) at the end of the preceding second batch mode. 
[0011] According to the ?rst aspect of the invention, since 
the humidity control system performs a humidity control 
operation by operating alternately in the ?rst batch mode and 
the second batch mode, the initialiZation means (33) sets the 
initial control value of the opening control means (32) upon 
start of each batch mode. Speci?cally, the initialiZation means 
(33) alloWs, upon start of the ?rst batch mode, the opening of 
the expansion valve (55) to be ?xed to that of the expansion 
valve (55) at the end of the preceding ?rst batch mode and 
alloWs, upon start of the second batch mode, the opening of 
the expansion valve (55) to be ?xed to that of the expansion 
valve (55) at the end of the preceding second batch mode. 
[0012] In other Words, the opening of the expansion valve 
(55) at the start of each ?rst batch mode folloWs that of the 
expansion valve (55) in the preceding ?rst batch mode and the 
opening of the expansion valve (55) at the start of each second 
batch mode folloWs that of the expansion valve (55) in the 
preceding second batch mode. 
[0013] Furthermore, in a second aspect of the invention, 
related to the ?rst aspect of the invention, the humidity control 
system further comprises a correction means (34) that, When 
the capacity of the compressor (53) changes, corrects the 
opening control value of the opening control means (32) to 
alloW the opening of the expansion valve (55) to reach a 
degree according to the change in the capacity of the com 
pressor (53). 
[0014] According to the second aspect of the invention, 
because a change in the capacity of the compressor (53) 
provides a change in the amount of refrigerant circulation, the 
correction means (34) corrects the opening control value of 
the opening control means (32) so that the expansion valve 
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(55) can reach an opening according to the change in the 
capacity of the compressor (53). 
[0015] Furthermore, in a third aspect of the invention, 
related to the ?rst aspect of the invention, the initialization 
means (33) is con?gured, When in setting the initial opening 
control value of the opening control means (32) for one of the 
?rst and second batch modes the opening of the expansion 
valve (55) at the end of the preceding batch mode does not 
exist, to set the initial opening control value based on the 
opening of the expansion valve (55) at the end of the other 
batch mode. 
[0016] According to the third aspect of the invention, When 
in setting the initial opening control value of the opening 
control means (32) for one of the ?rst and second batch modes 
the opening of the expansion valve (55) at the end of the 
preceding batch mode does not exist, the initialization means 
(33) sets the initial opening control value based on the open 
ing of the expansion valve (55) at the end of the other batch 
mode. 

EFFECTS OF THE INVENTION 

[0017] According to the present invention, since the open 
ing of the expansion valve (55) is ?xed, upon start of the ?rst 
batch mode, to the opening thereof at the end of the preceding 
?rst batch mode and, upon start of the second batch mode, to 
the opening thereof at the end of the preceding second batch 
mode, the opening of the expansion valve (55) can be rapidly 
brought to an appropriate value. 
[0018] Speci?cally, since the ?rst and second batch modes 
are different in the direction of refrigerant circulation, refrig 
erant pressure loss and air pressure loss in the air passage, 
they are different also in the opening of the expansion valve 
(55). Therefore, the opening of the expansion valve (55) at the 
start of each ?rst batch mode folloWs that of the expansion 
valve (55) in the preceding ?rst batch mode and the opening 
of the expansion valve (55) at the start of each second batch 
mode folloWs that of the expansion valve (55) in the preced 
ing second batch mode. Thus, the opening of the expansion 
valve (55) can be brought to the appropriate value. 
[0019] Furthermore, according to the second aspect of the 
invention, When the capacity of the compressor (53) changes, 
the opening control value of the opening control means (32) is 
corrected so that the expansion valve (55) can reach the open 
ing according to the change in the capacity of the compressor 
(53). Therefore, the expansion valve (55) can be controlled to 
an opening adaptable to the operating conditions, Which sta 
biliZes the opening of the expansion valve (55). 
[0020] Furthermore, according to the third aspect of the 
invention, When in setting the initial opening control value of 
the opening control means (32) for one of the ?rst and second 
batch modes the opening of the expansion valve (55) at the 
end of the preceding batch mode does not exist, the initial 
opening control value can be set based on the opening of the 
expansion valve (55) at the end of the other batch mode. 
Therefore, the opening of the expansion valve (55) can be 
?xed to an opening approximately according to the operating 
conditions and can be then rapidly brought to the appropriate 
value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a piping diagram shoWing the structure of 
a refrigerant circuit according to an embodiment of the inven 
tion, Wherein FIG. 1A is a piping diagram shoWing the opera 
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tional behavior during a ?rst batch mode and FIG. 1B is a 
piping diagram shoWing the operational behavior during a 
second batch mode. 
[0022] FIG. 2 is a schematic perspective vieW of an adsorp 
tion heat exchanger. 
[0023] FIG. 3 is a timing diagram shoWing the control on 
the opening of an expansion valve. 
[0024] FIG. 4 is a plot shoWing changes in the degree of 
refrigerant superheat. 

LIST OF REFERENCE NUMERALS 

[0025] 10 humidity control system 
[0026] 30 controller 
[0027] 31 operation control means 
[0028] 32 opening control means 
[0029] 33 initialiZation means 
[0030] 34 correction means 
[0031] 35 opening decreasing means 
[0032] 36 opening increasing means 
[0033] 50 refrigerant circuit 
[0034] 51 compressor 
[0035] 52 ?rst adsorption heat exchanger 
[0036] 53 second adsorption heat exchanger 
[0037] 54 four-Way selector valve 
[0038] 55 expansion valve 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0039] Hereinafter, embodiments of the invention Will be 
described in detail With reference to the draWings. 
[0040] This embodiment of the invention relates to a 
humidity control system (10) for humidifying and dehumidi 
fying air as shoWn in FIG. 1. The humidity control system 
(10) is con?gured to be capable of a dehumidi?cation opera 
tion in Which dehumidi?ed air is supplied to a room and a 
humidi?cation operation in Which humidi?ed air is supplied 
to the room. 

[0041] The humidity control system (10) includes a refrig 
erant circuit (50). As shoWn in FIG. 1, the refrigerant circuit 
(50) is a closed circuit including a ?rst adsorption heat 
exchanger (51) as a ?rst heat exchanger, a second adsorption 
heat exchanger (52) as a second heat exchanger, a compressor 
(53), a four-Way selector valve (54) as a directional control 
mechanism, and an expansion valve (55) as an expansion 
mechanism. The refrigerant circuit (50) operates in a vapor 
compression refrigeration cycle by circulating therein refrig 
erant With Which the refrigerant circuit (50) is ?lled. 
[0042] In the refrigerant circuit (50), the compressor (53) is 
connected at its discharge side to a ?rst port of the four-Way 
selector valve (54) and connected at its suction side to a 
second port of the four-Way selector valve (54). One end of 
the ?rst adsorption heat exchanger (51) is connected to a third 
port of the four-Way selector valve (54). The other end of the 
?rst adsorption heat exchanger (51) is connected via the 
expansion valve (55) to one end of the second adsorption heat 
exchanger (52). The other end of the second adsorption heat 
exchanger (52) is connected to a fourth port of the four-Way 
selector valve (54). 
[0043] The four-Way selector valve (54) is sWitchable 
betWeen a ?rst position in Which the ?rst and third ports are 
communicated With each other and the second and fourth 
ports are communicated With each other (the position shoWn 
in FIG. 1A) and a second position in Which the ?rst and fourth 
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ports are communicated With each other and the second and 
third ports are communicated With each other (the position 
shoWn in FIG. 1B). 
[0044] As shoWn in FIG. 2, the ?rst and second adsorption 
heat exchangers (51, 52) are formed of cross ?n type ?n-and 
tube heat exchangers. Each adsorption heat exchanger (51, 
52) includes heat exchange tubes (58) made of copper and ?ns 
(57) made of aluminium. The plurality of ?ns (57) of each 
adsorption heat exchanger (51, 52) are formed in the shape of 
a rectangular plate and arranged at regular intervals. The heat 
exchange tubes (58) are provided to pass through the ?ns (57). 
[0045] In each adsorption heat exchanger (51, 52), an 
adsorbent is carried on the surface of each ?n (57) and, thus, 
air passing through betWeen each adjacent pair of ?ns (57) 
comes into contact With the adsorbent on the surfaces of the 
?ns (57). Examples of materials applicable as the adsorbent 
include materials that can adsorb vapor in air, such as Zeolite, 
silica gel, activated carbon, organic polymeric materials With 
hydrophilic functional groups. 
[0046] The humidity control system (10) includes a con 
troller (3 0). The controller (3 0) includes an operation control 
means (3 1) for controlling the humidity control operation and 
also includes an opening control means (32) for the expansion 
valve (55), an initialization means (33), a correction means 
(34), an opening decreasing means (35) and an opening 
increasing means (36). 
[0047] The operation control means (31) is con?gured to 
alloW the humidity control system (10) to operate alternately 
in a ?rst batch mode of adsorbing moisture in air on the 
second adsorption heat exchanger (52) and releasing mois 
ture from the ?rst adsorption heat exchanger (51) to air and a 
second batch mode of adsorbing moisture in air on the ?rst 
adsorption heat exchanger (51) and releasing moisture from 
the second adsorption heat exchanger (52) to air and supply 
humidity-controlled air, Which is dehumidi?ed air or humidi 
?ed air, to the room. The operation control means (31) is 
con?gured to change the batch mode, for example, every 
three minutes. 
[0048] The opening control means (32) controls the open 
ing of the expansion valve (35). Speci?cally, When a valve 
control start time has come a predetermined time after the 
start of each batch mode, the opening control means (32) 
controls the opening of the expansion valve (35) so that the 
degree of superheat of the refrigerant in the refrigerant circuit 
(50) reaches a predetermined value. Furthermore, the open 
ing control means (32) is con?gured to keep the opening of 
the expansion valve (55) at a ?xed value until the valve 
control start time in each batch mode has come. 

[0049] For example, as shoWn in FIG. 3, the opening con 
trol means (32) selects as a valve control start time T the point 
of time at Which 168 seconds have passed since the start of 
each batch mode, and executes Control 1, a control to keep in 
principle the opening of the expansion valve (55) at a ?xed 
degree, until 168 seconds after the start of the batch mode. 
Furthermore, after 168 seconds have passed since the start of 
the batch mode, the opening control means (32) executes 
Control 2, a control to change the opening of the expansion 
valve (55) so that the degree of superheat of the refrigerant in 
the refrigerant circuit (50) reaches the speci?ed valve. 
[0050] The initialiZation means (33) sets the initial opening 
control value of the opening control means (32) for eachbatch 
mode to alloW, upon start of each ?rst batch mode, the open 
ing of the expansion valve (55) to be ?xed to that at the end of 
the preceding ?rst batch mode and alloW, upon start of each 
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second batch mode, the opening of the expansion valve (55) 
to be ?xed to that at the end of the preceding second batch 
mode. Furthermore, the initialiZation means (33) is con?g 
ured, When in setting the initial opening control value of the 
opening control means (32) for one of the ?rst and second 
batch modes the opening of the expansion valve (55) at the 
end of the preceding batch mode does not exist, to set the 
initial opening control value based on the opening of the 
expansion valve (55) at the end of the other batch mode. 
[0051] In other Words, as shoWn in FIG. 3, the initialization 
means (33) is con?gured so that the opening of the expansion 
valve (55) at the start of each batch mode folloWs that in the 
batch mode of the same type. 
[0052] The correction means (34) is con?gured, upon 
change in the capacity of the compressor (53), to correct the 
opening control value of the opening control means (32) to 
alloW the opening of the expansion valve (55) to reach a 
degree according to the change in the capacity of the com 
pressor (53). 
[0053] The opening decreasing means (35) is con?gured, 
When the degree of superheat of the refrigerant in the refrig 
erant circuit (50) falls beloW a target value before the valve 
control start time T in each batch mode comes, to decrease the 
opening control value of the opening control means (32) to 
alloW the opening of the expansion valve (55) to be reduced. 
[0054] The opening increasing means (36) is con?gured, 
When the degree of superheat of the refrigerant in the refrig 
erant circuit (50) rises above a speci?ed degree of superheat 
before the valve control start time T in each batch mode 
comes, to increase the opening control value of the opening 
control means (32) to alloW the opening of the expansion 
valve (55) to be increased. 
[0055] iOperationalBehaviori 
[0056] Next, a description is given of the operational 
behavior of the humidity control system (10) of this embodi 
ment. The humidity control system (10) of this embodiment 
performs a dehumidi?cation operation and a humidi?cation 
operation. 
[0057] Furthermore, the humidity control system (10) dur 
ing the dehumidi?cation operation and the humidi?cation 
operation controls the humidity of outside air (OA) taken 
therein and supplies the controlled air as supply air (SA) to the 
room and, concurrently, exhausts room air (RA) taken therein 
as exhaust air (EA) to the outside. In short, the humidity 
control system (10) during the dehumidi?cation operation 
and the humidi?cation operation ventilates the room. 
[0058] Furthermore, the humidity control system (10), dur 
ing each of the dehumidi?cation operation and the humidi? 
cation operation, operates alternately in the ?rst batch mode 
and the second batch mode at speci?ed time intervals (for 
example, at intervals of three minutes). 
[0059] During the dehumidi?cation operation, the humid 
ity control system (10) takes in outside air (OA) and room air 
(RA) as the ?rst and second airs, respectively. On the other 
hand, during the humidi?cation operation, the humidity con 
trol system (10) takes in room air (RA) and outside air (OA) 
as the ?rst and second airs, respectively. 
[0060] First, the ?rst batch mode is described. In the ?rst 
batch mode, the second air is sent to the ?rst adsorption heat 
exchanger (51) and the ?rst air is sent to the second adsorption 
heat exchanger (52). In this ?rst batch mode, a regeneration 
action for the ?rst adsorption heat exchanger (51) and an 
adsorption action for the second adsorption heat exchanger 
(52) are carried out. 
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[0061] As shown in FIG. 1A, in the refrigerant circuit (50) 
during the ?rst batch mode, the four-Way selector valve (54) 
is set to the ?rst position. When the compressor (53) is acti 
vated, refrigerant circulates in the refrigerant circuit (50). 
Speci?cally, refrigerant discharged from the compressor (53) 
releases heat in the ?rst adsorption heat exchanger (51) to 
condense itself. The refrigerant condensed in the ?rst adsorp 
tion heat exchanger (51) is reduced in pressure during pas sage 
through the expansion valve (55) and then absorbs heat in the 
second adsorption heat exchanger (52) to evaporate. The 
refrigerant evaporated in the second adsorption heat 
exchanger (52) is sucked into the compressor (53), com 
pressed in it and discharged from the compressor (53) again. 
[0062] In this manner, in the refrigerant circuit (50) during 
the ?rst batch mode, the ?rst adsorption heat exchanger (51) 
serves as a condenser and the second adsorption heat 
exchanger (52) serves as an evaporator. In the ?rst adsorption 
heat exchanger (51), the adsorbent on the surfaces of the ?ns 
(57) is heated by the refrigerant in the heat exchange tubes 
(58) and moisture desorbed from the heated adsorbent is 
given to the second air. On the other hand, in the second 
adsorption heat exchanger (52), moisture in the ?rst air is 
adsorbed on the adsorbent on the surfaces of the ?ns (57) and 
the heat of adsorption thus produced is absorbed by the refrig 
erant in the heat exchange tubes (58). 
[0063] Furthermore, When the humidity control system 
(10) is in a dehumidi?cation operation, the ?rst air dehumidi 
?ed by the second adsorption heat exchanger (52) is supplied 
to the room and moisture desorbed from the ?rst adsorption 
heat exchanger (51) is exhausted to the outside together With 
the second air. On the other hand, When the humidity control 
system (10) is in a humidi?cation operation, the second air 
humidi?ed by the ?rst adsorption heat exchanger (51) is 
supplied to the room and the ?rst air having given moisture to 
the second adsorption heat exchanger (52) is exhausted to the 
outside. 
[0064] Next, the second batch mode is described. In the 
second batch mode, the ?rst air is sent to the ?rst adsorption 
heat exchanger (51) and the second air is sent to the second 
adsorption heat exchanger (52). In this second batch mode, a 
regeneration action for the second adsorption heat exchanger 
(52) and an adsorption action for the ?rst adsorption heat 
exchanger (51) are carried out. 
[0065] As shoWn in FIG. 1B, in the refrigerant circuit (50) 
during the second batch mode, the four-Way selector valve 
(54) is set to the second position. When the compressor (53) 
is activated, refrigerant circulates in the refrigerant circuit 
(50). Speci?cally, refrigerant discharged from the compres 
sor (53) releases heat in the second adsorption heat exchanger 
(52) to condense itself. The refrigerant condensed in the sec 
ond adsorption heat exchanger (52) is reduced in pressure 
during passage through the expansion valve (55) and then 
absorbs heat in the ?rst adsorption heat exchanger (51) to 
evaporate. The refrigerant evaporated in the ?rst adsorption 
heat exchanger (51) is sucked into the compressor (53), com 
pressed in it and discharged from the compressor (53) again. 
[0066] In this manner, in the refrigerant circuit (50), the 
second adsorption heat exchanger (52) serves as a condenser 
and the ?rst adsorption heat exchanger (51) serves as an 
evaporator. In the second adsorption heat exchanger (52), the 
adsorbent on the surfaces of the ?ns (57) is heated by the 
refrigerant in the heat exchange tubes (58) and moisture des 
orbed from the heated adsorbent is given to the second air. On 
the other hand, in the ?rst adsorption heat exchanger (51), 
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moisture in the ?rst air is adsorbed on the adsorbent on the 
surfaces of the ?ns (57) and the heat of adsorption thus pro 
duced is absorbed by the refrigerant in the heat exchange 
tubes (58). 
[0067] Furthermore, When the humidity control system 
(10) is in a dehumidi?cation operation, the ?rst air dehumidi 
?ed by the ?rst adsorption heat exchanger (51) is supplied to 
the room and moisture desorbed from the second adsorption 
heat exchanger (52) is exhausted to the outside together With 
the second air. On the other hand, When the humidity control 
system (10) is in a humidi?cation operation, the second air 
humidi?ed by the second adsorption heat exchanger (52) is 
supplied to the room and the ?rst air having given moisture to 
the ?rst adsorption heat exchanger (51) is exhausted to the 
outside. 
[0068] iControl Action on Expansion Valvei 
[0069] Next, a description is given of the control on the 
opening of the expansion valve (55) in the humidity control 
system (10). 
[0070] As described previously, the humidity control sys 
tem (10) is operated to sWitch its operation mode betWeen the 
?rst batch mode and the second batch mode every three min 
utes by the operation control means (3 1). Therefore, the open 
ing control means (32) in principle executes Control 1, a 
control to keep the expansion valve (55) at a ?xed opening, 
until the valve control start time T in each batch mode has 
come, i.e., until 168 seconds after the sWitching to the batch 
mode and the start thereof. When the valve control start time 
T has come, i.e., after 168 seconds have passed since the start 
of the batch mode, the opening control means (32) executes 
Control 2, a control to change the opening of the expansion 
valve (55) so that the degree of refrigerant superheat reaches 
a speci?ed valve, 5° C. 
[0071] The reason for this is as folloWs. A change from one 
batch mode to another in a short time Will involve that the next 
mode change has taken place before the degree of superheat 
in the batch mode is stabiliZed. To cope With this, the opening 
control means (32) in principle controls the expansion valve 
(55) in terms of degree of superheat immediately before the 
end of each batch mode. This control action on the opening 
control means (32) is carried out for each batch mode. 
[0072] Furthermore, since a ?xed opening control value of 
the opening control means (32) must be determined, the ini 
tialiZation means (33) sets the ?xed opening control value of 
the opening control means (32). Speci?cally, the initialization 
means (33) sets the ?xed opening control value to alloW, upon 
start of the ?rst batch mode, the opening of the expansion 
valve (55) to be ?xed to that at the end of the preceding ?rst 
batch mode and alloW, upon start of the second batch mode, 
the opening of the expansion valve (55) to be ?xed to that at 
the end of the preceding second batch mode. 
[0073] The reason for this is as folloWs. Since the ?rst and 
second batch modes are different in the direction of refriger 
ant circulation, refrigerant pressure loss and air pressure loss 
in the air passage, they are different in the opening of the 
expansion valve (55). Therefore, the opening of the expansion 
valve (55) at the start of each ?rst batch mode folloWs that in 
the preceding ?rst batch mode and the opening of the expan 
sion valve (55) at the start of each second batch mode folloWs 
that in the preceding second batch mode. 
[0074] If the degree of refrigerant superheat falls beloW the 
target value before the valve control start time T in each batch 
mode comes and When the expansion valve (55) is controlled 
to keep the ?xed opening by the opening control means (32), 
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the opening decreasing means (35) controls the opening con 
trol means (32) to reduce the opening of the expansion valve 
(55). 
[0075] On the other hand, if the degree of refrigerant super 
heat rises above the speci?ed degree of superheat before the 
valve control start time T in each batch mode comes and When 
the expansion valve (55) is controlled to keep the ?xed open 
ing by the opening control means (32), the opening increasing 
means (36) controls the opening control means (32) to 
increase the opening of the expansion valve (55). 
[0076] The reason for this is as folloWs. It takes a certain 
time to stabiliZe the ?xed opening control value of the open 
ing control means (32) set by the initialiZation means (33) 
after the compressor (53) is activated to start the dehumidi? 
cation operation or humidi?cation operation. Speci?cally, the 
degree of refrigerant superheat may signi?cantly rise or drop 
after the sWitch to each batch mode. To cope With this, the 
opening decreasing means (35) or the opening increasing 
means (36) controls the opening control means (32) to change 
the opening of the expansion valve (55). 
[0077] Thereafter, as the opening control value of the open 
ing control means (32) is changed by the control of the open 
ing decreasing means (35) and the opening increasing means 
(36), the opening of the expansion valve (55) is stabiliZed. 
[0078] When the above-described control on the expansion 
valve (55) is repeated, the opening of the expansion valve (55) 
is stabiliZed. For example, as shoWn in M and N in FIG. 4, 
after the sWitch to each batch mode, the degree of refrigerant 
superheat abruptly rises, then drops and reaches the speci?ed 
degree before the sWitch to the next batch mode. 
[0079] When the capacity of the compressor (53) changes, 
the correction means (34) corrects the opening control value 
of the opening control means (32) to alloW the opening of the 
expansion valve (55) to reach a degree according to the 
change in the capacity of the compressor (53). 
[0080] Furthermore, When in setting the initial opening 
control value of the opening control means (32) for one of the 
?rst and second batch modes the opening of the expansion 
valve (55) at the end of the preceding batch mode does not 
exist, the initialiZation means (33) sets the initial opening 
control value based on the opening of the expansion valve 
(55) at the end of the other batch mode. 

EFFECTS OF EMBODIMENT 

[0081] According to this embodiment, as described previ 
ously, the opening of the expansion valve (55) is controlled, 
When the valve control start time comes after the start of each 
batch mode, so that the degree of refrigerant superheat 
reaches the predetermined value. Therefore, the opening of 
the expansion valve (55) can be relatively stably controlled. 
To be more speci?c, since each batch mode is changed to the 
other batch mode in a short time, the degree of refrigerant 
superheat may signi?cantly change in each batch mode. To 
cope With this, the opening of the expansion valve (55) is 
controlled near the end of each batch mode so that the degree 
of refrigerant superheat reaches the predetermined value. 
Thus, a stable control on the opening of the expansion valve 
(55) can be implemented. 
[0082] Furthermore, since the opening of the expansion 
valve (55) is kept at a ?xed value from the start of each batch 
mode to the valve control start time, the control on the open 
ing of the expansion valve (55) can be stabiliZed. 
[0083] Furthermore, since the opening of the expansion 
valve (55) is decreased When the degree of refrigerant super 
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heat falls beloW the target value before the valve control start 
time T in each batch mode, so-called Wet operation can be 
prevented, thereby preventing return of liquid refrigerant to 
the compressor (53). 
[0084] Furthermore, since the opening of the expansion 
valve (55) is increased When the degree of refrigerant super 
heat rises above the speci?ed degree before the valve control 
start time T in each batch mode, the superheating of the 
compressor (53) can be surely prevented. 
[0085] Furthermore, since the opening of the expansion 
valve (55) is ?xed, upon start of the ?rst batch mode, to the 
opening thereof at the end of the preceding ?rst batch mode 
and, upon start of the second batch mode, to the opening 
thereof at the end of the preceding second batch mode, the 
opening of the expansion valve (55) can be rapidly brought to 
an appropriate value. 
[0086] Speci?cally, since the ?rst and second batch modes 
are different in the direction of refrigerant circulation, refrig 
erant pressure loss and air pressure loss in the air passage, 
they are different in the opening of the expansion valve (55). 
Therefore, the opening of the expansion valve (55) at the start 
of each ?rst batch mode folloWs that in the preceding ?rst 
batch mode and the opening of the expansion valve (55) at the 
start of each second batch mode folloWs that in the preceding 
second batch mode. Thus, the opening of the expansion valve 
(55) can be brought to the appropriate value. 
[0087] Furthermore, When the capacity of the compressor 
(53) changes, the opening control value of the opening con 
trol means (32) is corrected so that the expansion valve (55) 
can reach the opening according to the change in the capacity 
of the compressor (53). Therefore, the expansion valve (55) 
can be controlled to an opening adaptable to the operating 
conditions, Which stabiliZes the opening of the expansion 
valve (55). 
[0088] Furthermore, When in setting the initial opening 
control value of the opening control means (32) for one of the 
?rst and second batch modes the opening of the expansion 
valve (55) at the end of the preceding batch mode does not 
exist, the initial opening control value can be set based on the 
opening of the expansion valve (55) at the end of the other 
batch mode. Therefore, the opening of the expansion valve 
(55) can be ?xed to an opening approximately according to 
the operating conditions and can be then rapidly brought to 
the appropriate value. 

Other Embodiments 

[0089] The present invention is not limited to the humidity 
control system (10) including the refrigerant circuit (50) 
described in the above embodiment and is applicable to any 
humidity control system (10) including a refrigerant circuit 
(50) With an expansion valve (55) adjustable in opening. 
[0090] Furthermore, the sWitching interval of the batch 
mode and the valve control start time are not limited to those 
in the above embodiment. 
[0091] The above embodiment is merely illustrative in 
nature and is not intended to limit the scope, applications and 
use of the present invention. 

INDUSTRIAL APPLICABILITY 

[0092] As can be seen from the above description, the 
present invention is useful for humidity control systems (10) 
including a refrigerant circuit With an expansion valve adjust 
able in opening. 
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1. A humidity control system that includes a refrigerant 
circuit (50) including a compressor (53), a ?rst heat 
exchanger (51) carrying an adsorbent thereon, an expansion 
Valve (55) adjustable in opening and a second heat exchanger 
(52) carrying an adsorbent thereon and supplies humidity 
controlled air to a room by operating alternately in a ?rst 
batch mode in Which the second heat exchanger (52) adsorbs 
moisture in air and the ?rst heat exchanger (51) releases 
moisture to air and a second batch mode in Which the ?rst heat 
exchanger (51) adsorbs moisture in air and the second heat 
exchanger (52) releases moisture to air, the humidity control 
system comprising: 

an opening control means (32) for controlling the opening 
of the expansion Valve (55); and 

an initialization means (33) for setting the initial opening 
control Value of the opening control means (32) for each 
of the ?rst and second batch modes by setting, upon start 
of the ?rst batch mode, the initial opening control Value 
for the expansion Valve (55) to the opening of the expan 
sion Valve (55) at the end of the preceding ?rst batch 
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mode and setting, upon start of the second batch mode, 
the initial opening control Value for the expansion Valve 
(55) to the opening of the expansion Valve (55) at the end 
of the preceding second batch mode. 

2. The humidity control system of claim 1, further com 
prising a correction means (34) that, When the capacity of the 
compressor (53) changes, corrects the opening control Value 
of the opening control means (32) to alloW the opening of the 
expansion Valve (55) to reach a degree according to the 
change in the capacity of the compressor (53). 

3. The humidity control system of claim 1, Wherein the 
initialization means (33) is con?gured, When in setting the 
initial opening control Value of the opening control means 
(32) for one of the ?rst and second batch modes the opening 
of the expansion Valve (55) at the end of the preceding batch 
mode does not exist, to set the initial opening control Value 
based on the opening of the expansion Valve (55) at the end of 
the other batch mode. 


