
1  Description ADSORPTION HEAT EXCHANGER  Technical
Field 5 [0001] This invention relates to adsorption
heat exchangers for bringing air passing  therethrough
into contact with an adsorbent carried on the surfaces
of their fins.  Background Art [0002] An adsorption
heat exchanger is hitherto known which has an
adsorbent carried  10 on the surfaces of its fins and
heat exchanger tube, as disclosed in Patent Document
1. This  Patent Document I also discloses a
dehumidifier using two adsorption heat exchangers.
The dehumidifier supplies cooling water cooled in a
cooling tower to the adsorption heat  exchanger in
adsorption phase and supplies hot water from a hot
heat source to the other  adsorption heat exchanger in
regeneration phase. The dehumidifier alternately
repeats a 15 mode in which the first adsorption heat
exchanger is in adsorption phase and the second
adsorption heat exchanger is in regeneration phase and
a mode in which the first adsorption  heat exchanger
is in regeneration phase and the second adsorption
heat exchanger is in  adsorption phase. Thus, the
dehumidifier dehumidifies air in the adsorption heat
exchanger  in adsorption phase and regenerates the
adsorbent in the adsorption heat exchanger in  20
regeneration phase. [0003] The behavior of the
dehumidifier is described taking as an example a state
where  cooling water is supplied to the first
adsorption heat exchanger and hot water is supplied to
the second adsorption heat exchanger. The air passing
through the first adsorption heat  exchanger passes
moisture to the adsorbent in the course of passage
through between the 25 fins and is thereby
dehumidified. The cooling water flowing through the
heat exchange  tube of the first adsorption heat
exchanger takes heat of adsorption produced when
moisture in the air is adsorbed on the adsorbent. On
the other hand, in the second 2  adsorption heat
exchanger, the hot water flowing through the heat
exchange tube heats the  



adsorbent and the air passing through between the
fins. Further, in the second adsorption  heat
exchanger, moisture is desorbed from the adsorbent and
the desorbed moisture is  applied to the air passing
through between the fins. 5 Patent Document 1:
Published Japanese Patent Application No. H07-265649
Disclosure of the Invention Problems to Be Solved by
the Invention [0004] As described above, moisture is
gradually taken from the air supplied to the  10
adsorption heat exchanger in adsorption phase in the
course of passage of the air through  between the
fins. In other words, the air passing through the
adsorption heat exchanger in  adsorption phase
gradually decreases the absolute humidity in the
course of passage  through between the fins, which is
accompanied by gradually decrease in relative
humidity.  Generally, as the air relative humidity
decreases, moisture in the air is less likely to be 15
adsorbed on the adsorbent. Therefore, in conventional
adsorption heat exchangers, a  smaller amount of
moisture is adsorbed on their parts located downstream
in the air flow  than on their parts located upstream
in the air flow. Furthermore, such offset of the
amount  of moisture adsorbed in the same adsorption
heat exchanger causes a problem that the  adsorption
heat exchanger cannot exhibit its moisture adsorption
capacity well. 20 [0005] The present invention has
been made in view of the above points and, therefore,
its object is to allow an adsorption heat exchanger to
exhibit the moisture adsorption  capacity well. Means
to Solve the Problems 25 [0006] A first solution of
the present invention is directed to an adsorption
heat  exchanger including a heat exchange tube (40)
through which heat medium circulates and  fins (30) on
the surfaces of which an adsorbent is carried, said
adsorption heat exchanges 3  for bringing air passing
therethrough into contact with the adsorbent carried
on the fins  (30). Further, a part of said adsorption
heat exchanger located upstream in air flow
constitutes an upstream part (26) and a part of said
adsorption heat exchanger located  



downstream in the air flow constitutes a downstream
part (27), and said adsorption heat 5 exchanger is
configured to uniform the amount of moisture adsorbed
on the fins (30) from  the upstream part (26) to the
downstream part (27). [0007] A second solution of the
present invention is directed to the first solution,
wherein an adsorption layer (36, 38) containing the
adsorbent is formed on the surfaces of  the fins (30),
and the static capacity of the adsorption layer (36,
38) is different between the 10 upstream part (26) and
the downstream part (27), thereby uniforming the
amount of  moisture adsorbed on the fins (30) from the
upstream part (26) to the downstream part (27).
[0008] A third solution of the present invention is
directed to the first solution, wherein  the amount of
the adsorbent carried on the fins (30) is different
between the upstream part  (26) and the downstream
part (27), thereby uniforming the amount of moisture
adsorbed on  15 the fins (30) from the upstream part
(26) to the downstream part (27). [0009] A fourth
solution of the present invention is directed to the
first solution, wherein  an adsorption layer (36, 38)
made of a mixture of adsorbent and binder is formed on
the  surfaces of the fins (30), and the mass contents
of adsorbent and binder in the adsorption  layer (36,
38) are different between the upstream part (26) and
the downstream part (27), 20 thereby uniforming the
amount of moisture adsorbed on the fins (30) from the
upstream  part (26) to the downstream part (27).
[0010] A fifth solution of the present invention is
directed to the first solution, wherein  the upstream
part (26) and the downstream part (27) have different
substances carried as  said adsorbents on the fins
(30), thereby uniforming the amount of moisture
adsorbed on  25 the fins (30) from the upstream part
(26) to the downstream part (27). [0011] A sixth
solution of the present invention is directed to an
adsorption heat  exchanger including a heat exchange
tube (40) through which heat medium circulates and 4
fins (30) which is attached to the heat exchange tube
(40) and on the surfaces of which an  adsorbent is
carried, said adsorption heat exchanger for bringing
air passing therethrough  into contact with the
adsorbent carried on the fins (30). Further, a part of
said adsorption  



heat exchanger located upstream in air flow
constitutes an upstream part (26) and a part of 5 said
adsorption heat exchanger located downstream in the
air flow constitutes a  downstream part (27), an
adsorption layer (36, 38) containing the adsorbent is
formed on  the surfaces of the fins (30), and the
downstream part (27) has a higher static capacity of
the adsorption layer (36, 38) than the upstream part
(26). [0012] A seventh solution of the present
invention is directed to an adsorption heat  10
exchanger including a heat exchange tube (40) through
which heat medium circulates and  fins (30) which is
attached to the heat exchange tube (40) and on the
surfaces of which an  adsorbent is carried, said
adsorption heat exchanger for bringing air passing
therethrough  into contact with the adsorbent carried
on the fins (30). Further, a part of said adsorption
heat exchanger located upstream in air flow
constitutes an upstream part (26) and a part of 15
said adsorption heat exchanger located downstream in
the air flow constitutes a  downstream part (27), and
the downstream part (27) has a larger amount of the
adsorbent  carried on the fins (30) than the upstream
part (26). [0013] An eighth solution of the present
invention is directed to an adsorption heat  exchanger
including a heat exchange tube (40) through which heat
medium circulates and  20 fins (30) which is attached
to the heat exchange tube (40) and on the surfaces of
which an adsorbent is carried, said adsorption heat
exchanger for bringing air passing therethrough  into
contact with the adsorbent carried on the fins (30).
Further, a part of said adsorption  heat exchanger
located upstream in air flow constitutes an upstream
part (26) and a part of  said adsorption heat
exchanger located downstream in the air flow
constitutes a 25 downstream part (27), an adsorption
layer (36, 38) made of a mixture of adsorbent and
binder is formed on the surfaces of the fins (30), and
the downstream part (27) has a higher  mass content of
adsorbent in the adsorption layer (36, 38) than the
upstream part (26). 5  [0014] A ninth solution of the
present invention is directed to an adsorption heat
exchanger including a heat exchange tube (40) through
which heat medium circulates and  fins (30) which is
attached to the heat exchange tube (40) and on the
surfaces of which an  



adsorbent is carried, said adsorption heat exchanger
for bringing air passing therethrough 5 into contact
with the adsorbent carried on the fins (30). Further,
a part of said adsorption  heat exchanger located
upstream in air flow constitutes an upstream part (26)
and a part of  said adsorption heat exchanger located
downstream in the air flow constitutes a  downstream
part (27), and the downstream part (27) has an
adsorbent of higher static  capacity carried as said
adsorbent on the fins (30) than the upstream part
(26). 10 [0015] - Operations  In each of the above
solutions, the adsorption heat exchanger (20) is
provided  with a heat exchange tube (40) and fins
(30). An adsorbent is carried on the surfaces of the
fins (30). The adsorbent on the surfaces of the fins
(30) comes into contact with air passing 15 through
the adsorption heat exchanger (20). In the adsorption
heat exchanger (20), the  adsorbent may be carried
only on the surfaces of the fins (30) or may be
carried, for  example, on the surfaces of the fins
(30) and the surface of the heat exchange tube (40).
In  the adsorption heat exchanger (20), a part thereof
located upstream in the air flow  constitutes an
upstream part (26) and a part thereof located
downstream in the air flow 20 constitutes a downstream
part (27). The air passing through the adsorption heat
exchanger  (20) first comes into contact with the
adsorbent on the surfaces of the fins (30) in the
upstream part (26) and then comes into contact with
the adsorbent on the surfaces of the  fins (30) in the
downstream part (27). [0016] In the first solution,
the adsorption heat exchanger (20) is configured to
uniform  25 the amount of moisture adsorbed on the
fins (30) from the upstream part (26) to the
downstream part (27). Thus, the adsorption heat
exchanger (20) provides a uniform amount  of moisture
adsorbed on the fins (30) in every part from the
upstream part (26) to the 6  downstream part (27).
[0017] In the second solution, an adsorption layer
(36, 38) is formed on the surfaces of  the fins (30).
The adsorption layer (36, 38) contains an adsorbent.
In the adsorption heat  



exchanger (20), the static capacity of the adsorption
layer (36, 38) is different between the 5 upstream
part (26) and the downstream part (27). If the
adsorption layer (36, 38) has a  different static
capacity, this causes a different amount of moisture
adsorbed on the  adsorption layer (36, 38). Therefore,
if the adsorption layer (36, 38) is changed in static
capacity with changes in air condition in the course
of air passage through the adsorption  heat exchanger
(20), this provides a uniform amount of moisture
adsorbed on the fins (30)  10 in every part from the
upstream part (26) to the downstream part (27). [0018]
Note that the static capacity of the adsorption layer
(36, 38) is expressed by the  amount of moisture that
the adsorption layer (36, 38) can adsorb when the fins
(30) having  the adsorption layer (36, 38) formed
thereon are brought into contact with air of constant
relative humidity for a sufficiently long time, i.e.,
the amount of moisture that the 15 adsorption layer
(36, 38) has adsorbed until equilibrium is reached
under conditions of  coexistence of the adsorption
layer (36, 38) and air of constant relative humidity.
[0019] In the third solution, the amount of adsorbent
carried on the fins (30) is different  between the
upstream part (26) and the downstream part (27).
Different amounts of  adsorbent carried on the fins
(30) cause different amounts of moisture adsorbed on
the fins 20 (30). Therefore, if the amount of
adsorbent carried on the fms (30) is changed with
changes  in air condition in the course of air passage
through the adsorption heat exchanger (20),  this
provides a uniform amount of moisture adsorbed on the
fins (30) in every part from the  upstream part (26)
to the downstream part (27). [0020] In the fourth
solution, an adsorption layer (36, 38) is formed on
the surfaces of  25 the fms (30). The adsorption layer
(36, 38) is made of a mixture of adsorbent and binder.
In  the adsorption layer (36, 38), adsorbent particles
are bound to each other by the binder.  Therefore, the
adsorbent particles in the adsorption layer (36, 38)
have their surfaces partly 7  covered with the binder.
If the adsorption layer (36, 38) has different mass
contents of the  adsorbent and binder, this changes
the area of part of the surface of each adsorbent
particle  capable of contact with air without being
covered with the binder and, in turn, changes the  



amount of moisture adsorbed on the adsorption layer
(36, 38). Therefore, in the adsorption 5 heat
exchanger (20), the mass contents of the adsorbent and
binder in the adsorption layer  (36, 38) are made
different between the upstream part (26) and the
downstream part (27),  thereby providing a uniform
amount of moisture adsorbed on the fins (30) in every
part  from the upstream part (26) to the downstream
part (27). [0021] In the fifth solution, the upstream
part (26) and the downstream part (27) have  10
different substances carried as adsorbents on the fins
(30). Different substances carried as  adsorbents on
the fins (30) cause different amounts of moisture
adsorbed on the fins (30).  Therefore, if the
substance carried on the fins (30) is selected
according to changes in air  condition in the course
of air passage through the adsorption heat exchanger
(20), this  provides a uniform amount of moisture
adsorbed on the fins (30) in every part from the  15
upstream part (26) to the downstream part (27). [0022]
In the sixth solution, an adsorption layer (36, 38) is
formed on the surfaces of the  fins (30). The
adsorption layer (36, 38) contains an adsorbent. In
the adsorption heat  exchanger (20), the downstream
part (27) has a higher static capacity of the
adsorption  layer (36, 38) than the upstream part
(26). Generally, when moisture in the air is adsorbed
20 on the adsorption heat exchanger (20), moisture in
the air gradually decreases in the course  of air
passage through the adsorption heat exchanger (20) and
thereby becomes gradually  less likely to be adsorbed
on the adsorption layer (36, 38). In contrast, the
adsorption heat  exchanger (20) of this solution has a
higher static capacity of the adsorption layer (36,
38)  in its part downstream in air flow than in its
part upstream in air flow. In the downstream 25 part
(27) which is located downstream in air flow and in
which the adsorption layer (36,  38) is less likely to
adsorb moisture in the air, an appropriate amount of
moisture adsorbed  can be ensured by forming an
adsorption layer (36, 38) of relatively high static
capacity on 8  the fins (30). In addition, the
adsorption heat exchanger (20) provides a uniform
amount of  moisture adsorbed on the fins (30) in every
part from the upstream part (26) to the  downstream
part (27). Note that the meaning of the static
capacity of the adsorption layer  



(36, 38) is as described above. 5 [0023] In the
seventh solution, the downstream part (27) has a
larger amount of  adsorbent carried on the fins (30)
than the upstream part (26). Generally, when moisture
in  the air is adsorbed on the adsorption heat
exchanger (20), moisture in the air gradually
decreases in the course of air passage through the
adsorption heat exchanger (20) and  thereby becomes
gradually less likely to be adsorbed on the adsorption
layer (36, 38). In 10 contrast, the adsorption heat
exchanger (20) of this solution has a larger amount of
adsorbent carried on the fins (30) in its part
downstream in air flow than in its part  upstream in
air flow. In the downstream part (27) which is located
downstream in air flow  and in which the adsorption
layer (36, 38) is less likely to adsorb moisture in
the air, an  appropriate amount of moisture adsorbed
can be ensured by carrying a relatively large 15
amount of adsorbent on the fins (30). In addition, the
adsorption heat exchanger (20)  provides a uniform
amount of moisture adsorbed on the fins (30) in every
part from the  upstream part (26) to the downstream
part (27). [0024] In the eighth solution, an
adsorption layer (36, 38) is formed on the surfaces of
the fins (30). The adsorption layer (36, 38) is made
of a mixture of adsorbent and binder. In  20 the
adsorption layer (36, 38), adsorbent particles are
bound to each other by the binder. Therefore, the
adsorbent particles in the adsorption layer (36, 38)
have their surfaces partly  covered with the binder.
If the mass content of adsorbent in the adsorption
layer (36, 38)  increases, this increases the area of
part of the surface of each adsorbent particle capable
of  contact with air without being covered with the
binder and, in turn, increases the amount of 25
moisture adsorbed on the adsorption layer (36, 38).
Therefore, the adsorption heat  exchanger (20) is
configured so that the downstream part (27) has a
larger mass content of  adsorbent in the adsorption
layer (36, 38) than the upstream part (26). Thus, in
the 9  downstream part (27) which is located
downstream in air flow and in which the adsorption
layer (36, 38) is less likely to adsorb moisture in
the air, an appropriate amount of moisture  adsorbed
can be ensured by increasing the area of part of the
surface of each adsorbent  



particle capable of contact with air. In addition, the
adsorption heat exchanger (20) 5 provides a uniform
amount of moisture adsorbed on the fins (30) in every
part from the  upstream part (26) to the downstream
part (27). [0025] In the ninth solution, the
downstream part (27) has an adsorbent of higher static
capacity carried on the fins (30) than the upstream
part. In the adsorption heat exchanger  (20) of this
solution, the static capacity of adsorbent carried on
the fins (30) is higher in the 10 downstream part (27)
than in the upstream part (26). In the downstream part
(27) which is  located downstream in air flow and in
which the adsorption layer (36, 38) is less likely to
adsorb moisture in the air, an appropriate amount of
moisture adsorbed can be ensured by  carrying on the
fins (30) an adsorbent capable of adsorbing moisture
well even if the air  relative humidity is low. In
addition, the adsorption heat exchanger (20) provides
a 15 uniform amount of moisture adsorbed on the fins
(30) in every part from the upstream part  (26) to the
downstream part (27). [0026] Note that the static
capacity of the adsorbent is expressed by the amount
of  moisture that the adsorbent can adsorb when
brought into contact with air of constant  relative
humidity for a sufficiently long time, i.e., the
amount of moisture that the 20 adsorbent has adsorbed
until equilibrium is reached under conditions of
coexistence of the  adsorbent and air of constant
relative humidity. Effects of the Invention [0027] As
described above, the adsorption heat exchanger (20) of
each of the above  25 solutions provides a uniform
amount of moisture adsorbed on the fins (30) in every
part  from the upstream part (26) to the downstream
part (27). Therefore, even in the  downstream part
(27) of the adsorption heat exchanger (20) in which
the amount of 10  moisture adsorbed on the adsorbent
would conventionally decrease, the amount of  moisture
adsorbed can be ensured substantially as much as in
the upstream part (26).  Consequently, according to
each of the above solutions of the present invention,
the  amount of moisture adsorbed can be uniform in
every part of the adsorption heat exchanger 



5 (20), thereby enhancing the moisture adsorption
capacity of the adsorption heat exchanger  (20). Brief
Description of Drawings [0028] [Fig. 1] Figure 1 is a
refrigerant circuit diagram showing the configuration
and  10 behavior of a refrigerant circuit in
Embodiment 1, wherein Figure 1A indicates its state in
a  first mode and Figure 1B indicates its state in a
second mode. [Fig. 2] Figure 2 is a perspective view
of an adsorption heat exchanger in  Embodiment 1.
[Fig. 3] Figure 3 is a side view of the adsorption
heat exchanger in Embodiment 1.  15 [Fig. 4] Figure 4
is a cross-sectional view showing part of a cross
section of the  adsorption heat exchanger taken along
the line A-A of Figure 3. [Fig. 5] Figure 5 is a
perspective view of an adsorption heat exchanger in a
first  variant of another embodiment. [Fig. 6] Figure
6 is a side view of the adsorption heat exchanger in
the first  20 variant of said another embodiment.
[Fig. 7] Figure 7 is a cross-sectional view showing
part of a cross section of the  adsorption heat
exchanger taken along the line B-B of Figure 6. [Fig.
8] Figure 8 is a schematic side view of an adsorption
heat exchanger in a  second variant of said another
embodiment. 25 [Fig. 9] Figure 9 is a schematic side
view of an adsorption heat exchanger in the  second
variant of said another embodiment. 11  Explanation of
Reference Numerals [0029] 20 adsorption heat exchanger
26 upstream part 27 downstream part  5 30 fin 36 first
adsorption layer  



37 second adsorption layer  38 third adsorption layer
40 heat exchange tube 10 Best Mode for Carrying Out
the Invention [0030] Embodiments of the present
invention will be described below in detail with
reference to the drawings. [0031] <<Embodiment 1 of
the Invention>> 15 A description is given of
Embodiment 1 of the present invention. A humidity
control system according to this embodiment is
configured to be capable of carrying out a
dehumidification operation for supplying dehumidified
air to a room and a humidification  operation for
supplying humidified air to the room. [0032] The
humidity control system includes a refrigerant circuit
(10). As shown in  20 Figure 1, the refrigerant
circuit (10) is a closed circuit in which a first
adsorption element  (11), a second adsorption element
(12), a compressor (13), a four-way selector valve
(14)  and a motor-operated expansion valve (15) are
disposed and is filled with refrigerant. The
refrigerant circuit (10) allows the filled refrigerant
to circulate therethrough to operate in a  vapor
compression refrigeration cycle. Further, the first
adsorption element (11) and the 25 second adsorption
element (12) are each constituted by an adsorption
heat exchanger (20)  according to the present
invention. The details of the adsorption heat
exchanger (20) will  be described later. 12  [0033] In
the refrigerant circuit (10), the compressor (13) is
connected at its discharge  side to a first port of
the four-way selector valve (14) and connected at its
suction side to a  second port of the four-way
selector valve (14). One end of the first adsorption
element  (11) is connected to a third port of the
four-way selector valve (14). The other end of the. 5
first adsorption element (12) is connected through the
motor-operated expansion valve (15)  to one end of the
second adsorption element (12). The other end of the
second adsorption  



element (12) is connected to a fourth port of the
four-way selector valve (14). [0034] The four-way
selector valve (14) is configured to be switchable
between a first  position in which the first and third
ports communicate with each other and the second and
10 fourth ports communicate with each other (the
position shown in Figure 1A) and a position in which
the first and fourth ports communicate with each other
and the second and third  ports communicate with each
other (the position shown in Figure 1B). [0035] As
described above, the first adsorption element (11) and
the second adsorption  element (12) are each
constituted by an adsorption heat exchanger (20). The
adsorption  15 heat exchanger (20) is described with
reference to Figures 2, 3 and 4. [0036] As shown in
Figure 2, the adsorption heat exchanger (20) is a
so-called cross fin  type fine-and-tube heat
exchanger. The adsorption heat exchanger (20) includes
a plurality  of heat exchange tubes (40) and a
plurality of fins (30). The fins (30) are each formed
in  the shape of a rectangular plate and are
juxtaposed at spaced intervals. Each heat exchange 20
tube (40) is constituted by a substantially straight
tube and passes through the spaced-apart,  juxtaposed
fins (30). In other words, in the adsorption heat
exchanger (20), a large number  of fins (30) are
arranged at equal intervals along the axial direction
of each heat exchange  tube (40). [0037] As also shown
in Figure 3, in the adsorption heat exchanger (20),
the heat  25 exchange tubes (40) are staggered.
Specifically, in the adsorption heat exchanger (20),
the  heat exchange tubes (40) are arranged with a
predetermined pitch along the long edges of  the fins
(30). Further, in the adsorption heat exchanger (20),
the heat exchange tubes (40) 13  are arranged also
with a predetermined pitch along the short edges of
the fins (30). The  pitch of the heat exchange tubes
(40) along the direction of the long edges of the fins
(30)  is referred to as a tier pitch and the pitch
thereof along the direction of the short edges of  the
fins (30) is referred to as a column pitch. 5 [0038]
In the adsorption heat exchanger (20), a single tube
column is constituted by a set  of heat exchange tubes
(40) aligned in a column along the long edges of the
fins (30). The  



adsorption heat exchanger (20) has three tube columns
(41, 42, 43) of this type formed  therein. Out of the
three tube columns (41, 42, 43), each pair of adjacent
tube columns are offset by half a tier pitch
lengthwise of the fins (30) with respect to each
other. In each tube  10 column (41, 42, 43), each pair
of adjacent heat exchange tubes (40) are connected to
each  other by a U-tube (45) so that all the heat
exchange tubes (40) form a single path. Out of  the
three tube columns (41, 42, 43), the first tube column
(41) is constituted by a tube  column located most
upstream in the air flow (to the left in Figures 3 and
4), the second  tube column (42) is constituted by a
tube column next to the first tube column (41), and
the 15 third tube column (43) is constituted by a tube
column located most downstream in the air  flow (to
the right in Figures 3 and 4). [0039] In the
adsorption heat exchanger (20), a first column part
(21), a second column  part (22) and a third column
part (23) are formed sequentially along the flow
direction of  air passing through the adsorption heat
exchanger (20) (i.e., the left-to-right direction in
20 Figures 3 and 4). Specifically, in the adsorption
heat exchanger (20), the first column part  (21) is
formed by a part of the adsorption heat exchanger (20)
extending from the front  edge to the middle between
the first tube column (41) and the second tube column
(42), the  second column part (22) is formed by a part
of the adsorption heat exchanger (20)  extending from
the middle between the first tube column (41) and the
second tube column 25 (42) to the middle between the
second tube column (42) and the third tube column
(43),  and the third column part (23) is formed by a
part of the adsorption heat exchanger (20)  extending
from the middle between the second tube column (42)
and the third tube column 14  (43) to the rear edge.
In other words,, in the adsorption heat exchanger
(20), the first  column part (21), the second column
part (22) and the third column part (23) are formed in
order from upstream to downstream in the air flow
(from left to right in Figures 3 and 4).  Further, in
the adsorption heat exchanger (20), the first column
part (21) provides an 5 upstream part (26) and the
third column part (23) provides a downstream part
(27). [0040] As shown in Figure 4, the surface of each
fin (30) has three types of adsorption  



layers (36, 37, 38) formed thereon. Specifically, in
each fin (30) of the adsorption heat  exchanger (20),
the first adsorption layer (36) is formed on a region
of the surface located corresponding to the first
column part (21), the second adsorption layer (37) is
formed on a  10 region of the surface located
corresponding to the second column part (22), and the
third  adsorption layer (38) is formed on a region of
the surface located corresponding to the  third column
part (23). Each adsorption layer (36, 37, 38) is made
of an adsorbent of  powdered zeolite and a binder,
such as urethane resin. In each adsorption layer (36,
37, 38),  zeolite particles constituting the adsorbent
are bound to other zeolite particles and the fins  15
(30) by the binder. [0041] In each adsorption layer
(36, 37, 38), the ratio between the adsorbent and the
binder is set at a predetermined value. The ratio
between the adsorbent and the binder  differs with
each adsorption layer (36, 37, 38). Specifically, the
mass content of adsorbent  in each adsorption layer
(36, 37, 38) increases in order of the first
adsorption layer (36), the 20 second adsorption layer
(37) and the third adsorption layer (38). In other
words, out of  these three adsorption layers (36, 37,
38), one located more downstream in the air flow has
a higher mass content of adsorbent than the others. In
this manner, the third column part  (23) downstream in
the air flow has a larger amount of adsorbent carried
on the fins (30)  than the first column part (21)
located upstream in the air flow so that the amount of
25 moisture adsorbed on the fins (30) can be uniform
from the first column part (21) to the  third column
part (23). [0042] On the other hand, the mass content
of binder in each adsorption layer (36, 37, 15  38)
decreases in order of the first adsorption layer (36),
the second adsorption layer (37)  and the third
adsorption layer (38). As described above, in each
adsorption layer (36, 37,  38), zeolite particles
serving as adsorbent are bound to other zeolite
particles and the fins  (30) by the binder. Therefore,
zeolite particles in each adsorption layer (36, 37,
38) are 5 covered at part of their surface with the
binder. As the mass content of binder in the
adsorption layer (36, 37, 38) decreases, each zeolite
particle increases the area of part of its  



surface capable of contact with air without being
covered with the binder and, in turn, the  moisture
adsorption capacity of the adsorption layer (36, 37,
38) increases. In other words,  zeolite particles
serving as adsorbent in the adsorption heat exchanger
(20) increase their 10 surface areas of capable of
contact with air in order of the first adsorption
layer (36), the  second adsorption layer (37) and the
third adsorption layer (38). This also uniforms the
amount of moisture adsorbed on the fins (30) from the
first column part (21) to the third  column part (23).
[0043] As described above, in the adsorption heat
exchanger (20), the adsorption layers  15 (36, 37, 38)
have different mixture ratios of adsorbent and binder.
As a result, in the  adsorption heat exchanger (20),
the static capacity of each adsorption layer (36, 37,
38)  formed on the fins (30) increases in order of the
first adsorption layer (36), the second  adsorption
layer (37) and the third adsorption layer (38).
Further, in the adsorption heat  exchanger (20), the
increase of static capacity in order of the first
adsorption layer (36), the 20 second adsorption layer
(37) and the third adsorption layer (38) provides a
uniform amount  of moisture adsorbed on the fins (30)
from the first column part (21) to the third column
part (23). [0044] The static capacity of the
adsorption layer (36, 37, 38) is herein expressed by
the  amount of moisture that the adsorption layer (36,
37, 38) can adsorb when the fins (30)  25 having the
adsorption layer (36, 37, 38) formed thereon are
brought into contact with air of constant relative
humidity for a sufficiently long time, i.e., the
amount of moisture that the  adsorption layer (36, 37,
38) has adsorbed until equilibrium is reached under
conditions of 16  coexistence of the adsorption layer
(36, 37, 38) and air of constant relative humidity.
[0045] - Operational Behavior  The humidity control
system can perform a dehumidification operation and a
humidification operation. During each of
dehumidification operation and humidification  5
operation, the humidity control system alternately
repeats a first mode and a second mode  at specified
time intervals (for example, at intervals of five
minutes). 



[0046] During dehumidification operation, the humidity
control system takes in an  outdoor air (OA) as a
first air and room air (RA) as a second air. During
humidification  operation, the humidity control system
takes in room air (RA) as a first air and an outdoor
10 air (OA) as a second air. [0047] First, a
description is given of the first mode. During the
first mode, the second  air is sent into the first
adsorption element (11) and the first air is sent into
the second  adsorption element (12). In the first
mode, the first adsorption element (11) is in
regeneration phase and the second adsorption element
(12) is in adsorption phase. 15 [0048] As shown in
Figure 1A, in the refrigerant circuit (10) in the
first mode, the four- way selector valve (14) is set
to the first position. When the compressor (13) is
driven, the  refrigerant circuit (10) circulates
refrigerant therethrough to operate in a refrigeration
cycle.  In the refrigerant circuit (10) during the
cycle, the first adsorption element (11) functions  as
a condenser and the second adsorption element (12)
functions as an evaporator. 20 [0049] Specifically,
refrigerant discharged from the compressor (13)
releases heat in the  first adsorption element (11) to
become condensed. The refrigerant condensed in the
first  adsorption element (11) is reduced in pressure
during passage through the motor-operated  expansion
valve (15) and then takes heat in the second
adsorption element (12) to become  evaporated. The
refrigerant evaporated in the second adsorption
element (12) is sucked 25 into the compressor (13),
compressed therein and discharged again from the
compressor  (13). [0050] In the first adsorption
element (11) constituted by an adsorption heat
exchanger 17  (20), the adsorption layers (36-38) on
the surfaces of the fins (30) are heated by the
refrigerant in the heat exchange tubes (40) and
moisture desorbed from the heated  adsorption layers
(36-38) is applied to the second air. In the second
adsorption element  (12) likewise constituted by an
adsorption heat exchanger (20), moisture in the first
air is 5 adsorbed on the adsorption layers (36-38) on
the surfaces of the fins (30) and heat of  adsorption
thus produced is taken by the refrigerant in the heat
exchange tubes (40). 



[0051] Further, during dehumidification operation, the
first air dehumidified by the  second adsorption
element (12) is supplied to the room and moisture
desorbed from the  first adsorption element (11) is
exhausted to the outside atmosphere together with the
10 second air. On the other hand, during
humidification operation, the second air humidified
by the first adsorption element (11) is supplied to
the room and the first air dried by the  second
adsorption element (12) is exhausted to the outside
atmosphere. [0052] Next, a description is given of the
second mode. During the second mode, the  first air is
sent into the first adsorption element (11) and the
second air is sent into the  15 second adsorption
element (12). In the second mode, the second
adsorption element (12) is  in regeneration phase and
the first adsorption element (11) is in adsorption
phase. [0053] As shown in Figure 1B, in the
refrigerant circuit (10) in the second mode, the
four-way selector valve (14) is set to the second
position. When the compressor (13) is  driven, the
refrigerant circuit (10) circulates refrigerant
therethrough to operate in a 20 refrigeration cycle.
In the refrigerant circuit (10) during the cycle, the
second adsorption  element (12) functions as a
condenser and the first adsorption element (11)
functions as an  evaporator. [0054] Specifically,
refrigerant discharged from the compressor (13)
releases heat in the  second adsorption element (12)
to become condensed. The refrigerant condensed in the
25 second adsorption element (12) is reduced in
pressure during passage through the motor operated
expansion valve (15) and then takes heat in the first
adsorption element (11) to  become evaporated. The
refrigerant evaporated in the first adsorption element
(11) is 18  sucked into the compressor (13),
compressed therein and, discharged again from the
compressor (13). [0055] In the second adsorption
element (12) constituted by an adsorption heat
exchanger (20), the adsorption layers (36-38) on the
surfaces of the fins (30) are heated by  5 the
refrigerant in the heat exchange tubes (40) and
moisture desorbed from the heated adsorption layers
(36-38) is applied to the second air. In the first
adsorption element (11)  



likewise constituted by an adsorption heat exchanger
(20), moisture in the first air is  adsorbed on the
adsorption layers (36-38) on the surfaces of the fins
(30) and heat of  adsorption thus produced is taken by
the refrigerant in the heat exchange tubes (40). 10
[0056] Further, during dehumidification operation, the
first air dehumidified by the first  adsorption
element (11) is supplied to the room and moisture
desorbed from the second  adsorption element (12) is
exhausted to the outside atmosphere together with the
second air.  On the other hand, during humidification
operation, the second air humidified by the  second
adsorption element (12) is supplied to the room and
the first air dried by the first  15 adsorption
element (11) is exhausted to the outside atmosphere.
[0057] Next, a description is given of the course of
moisture in the air being adsorbed on  the adsorption
layers (36-38) in the adsorption heat exchanger (20)
with reference to  Figure 4. [0058] The air sent into
the adsorption heat exchanger (20) flows into spaces
between  20 the fins (30) and sequentially passes
through the first column part (21), the second column
part (22) and the third column part (23). [0059] In
the first column part (21), in the course of passage
of air between the fins (30),  the air comes into
contact with the first adsorption layer (36) so that
moisture in the air is  gradually adsorbed on the
first adsorption layer (36). In other words, in the
course of 25 passage of air through the first column
part (21), the absolute humidity of the air gradually
decreases. Therefore, in the first column part (21),
the passing air is cooled by heat  exchange with the
refrigerant. However, when the first adsorption layer
(36) adsorbs 19  moisture, heat of adsorption is
produced, which does not decrease the air temperature
so  much. Hence, in the course of passage of air
through the first column part (21), the relative
humidity of the air also gradually decreases. [0060]
In the second column part (22), the air reduced in
relative humidity in the course  5 of passage through
the first column part (21) comes into contact with the
second adsorption  layer (37) so that moisture in the
air is gradually adsorbed on the second adsorption
layer  



(37). As described above, the amount of adsorbent
contained in the second adsorption layer  (37) is
larger than the amount of adsorbent contained in the
first adsorption layer (36). In  addition, as compared
to the first adsorption layer (36), each of zeolite
particles serving as 10 an adsorbent in the second
adsorption layer (37) has a greater area of part of
the surface  capable of contact with air. Therefore,
the second adsorption layer (37) can adsorb  moisture,
even from the air having a reduced relative humidity,
as much as the first  adsorption layer (36) can. In
other words, also in the second column part (22)
located  downstream in air flow from the first column
part (21), an amount of moisture adsorbed as 15 much
as in the first column part (21) can be ensured.
Therefore, also in the course of  passage of air
through the second adsorption layer (22), the absolute
humidity and relative  humidity gradually of the air
gradually decrease as in the course of passage of air
through  the first column part (21). [0061] In the
third column part (23), the air reduced in relative
humidity in the course of  20 passage through the
second column part (22) comes into contact with the
third adsorption  layer (38) so that moisture in the
air is gradually adsorbed on the third adsorption
layer  (38). As described above, the amount of
adsorbent contained in the third adsorption layer
(38) is larger than the amount of adsorbent contained
in the second adsorption layer (37).  In addition, as
compared to the second adsorption layer (37), each of
zeolite particles 25 serving as an adsorbent in the
third adsorption layer (38) has a greater area of part
of the  surface capable of contact with air.
Therefore, the third adsorption layer (38) can adsorb
moisture, even from the air having a reduced relative
humidity, as much as the second 20  adsorption layer
(37) can. In other words, also in the third column
part (23) located  downstream in air flow from the
second column part (22), an amount of moisture
adsorbed  as much as in the second column part (22)
can be ensured. Therefore, also in the course of
passage of air through the third adsorption layer
(23), the absolute humidity and relative 5 humidity of
the air gradually decrease as in the course of passage
of air through the first  column part (21). Then, the
air having passed through the third column part (23)
flows out  



of between the fins (30) and sent out to downstream of
the adsorption heat exchanger (20).  [0062] - Effects
of Embodiment 1  In the humidity control system of
this embodiment, the surfaces of the fins (30) of  10
the adsorption heat exchanger (20) constituting each
of the first adsorption element (11)  and the second
adsorption element (12) each have the first adsorption
layer (36), the  second adsorption layer (37) and the
third adsorption layer (38) formed in order from
upstream to downstream in the air flow. Further, in
the adsorption heat exchanger (20), the  mass content
of adsorbent in each adsorption layer (36, 37, 38)
increases in order of the 15 first adsorption layer
(36), the second adsorption layer (37) and the third
adsorption layer  (38). Furthermore, in the adsorption
heat exchanger (20), the mass content of binder in
each adsorption layer (36, 37, 38) decreases in order
of the first adsorption layer (36), the  second
adsorption layer (37) and the third adsorption layer
(38), whereby, for zeolite  particles serving as an
adsorbent, the area of part of their surfaces capable
of contact with 20 air increases in order of the first
adsorption layer (36), the second adsorption layer
(37) and  the third adsorption layer (38). [0063]
Therefore, in the adsorption heat exchanger (20), the
adsorption capacity of each  adsorption layer (36, 37,
38) increases in order of the first adsorption layer
(36), the second  adsorption layer (37) and the third
adsorption layer (38) and an amount of moisture 25
adsorbed as much as on the first adsorption layer (36)
can be ensured also on the second  adsorption layer
(37) and the third adsorption layer (38) both of which
will come into  contact with air reduced in relative
humidity in the course of passage between the fins
(30). 21  Therefore, according to the adsorption heat
exchanger (20) of this embodiment, its  moisture
adsorption capacity can be enhanced by uniforming the
amount of moisture  adsorbed in every part of the
adsorption heat exchanger (20). [0064] - Modification
1 of Embodiment 1  5 In the above adsorption heat
exchanger (20), the differences in the amount of
adsorbent between the adsorption layers (36, 37, 38)
may be implemented by allowing the  



adsorption layers (36, 37, 38) to have different
thicknesses. In this case, the thickness  increases in
order of the first adsorption layer (36), the second
adsorption layer (37) and  the third adsorption layer
(38). As described above, as the amount of adsorbent
contained 10 in the adsorption layer (36, 37, 38)
increases, the adsorption capacity of the adsorption
layer (36, 37, 38) becomes higher. Therefore, also in
this modification, the amount of  moisture adsorbed on
each adsorption layer (36, 37, 38) can be uniform.
[0065] - Modification 2 of Embodiment 1 The adsorption
heat exchanger (20) may be configured so that the
first adsorption  15 layer (36) and the second
adsorption layer (37) are provided with equal amounts
of  adsorbent and the third adsorption layer (38) is
provided with a larger amount of adsorbent  than the
first adsorption layer (36) and the second adsorption
layer (37). Also in the  adsorption heat exchanger
(20) of this modification, a larger amount of
adsorbent is  provided on the third adsorption layer
(38) formed on surface regions of the fins (30) 20
located within the downstream part (27) than on the
first adsorption layer (36) formed on  surface regions
of the fins (30) located within the upstream part
(26). [0066] <<Embodiment 2 of the Invention>> A
description is given of Embodiment 2 of the present
invention. This  embodiment differs from the humidity
control system of Embodiment 1 in the composition  25
of the adsorption heat exchanger (20). [0067] In the
adsorption heat exchanger (20) of this embodiment, the
substance used as  an adsorbent is different in each
adsorption layer (36, 37, 38). Specifically, in the 22
adsorption heat exchanger (20), the first adsorption
layer (36) is provided with zeolite only  as an
adsorbent, the second adsorption layer (37) is
provided with a mixture of zeolite and  silica gel as
an adsorbent and the third adsorption layer (38) is
provided with silica gel only  as an adsorbent. In the
adsorption heat exchanger (20), the static capacity of
each substance 5 used as an adsorbent increases in
order of the first adsorption layer (36), the second
adsorption layer (37) and the third adsorption layer
(38). Therefore, in the adsorption heat  



exchanger (20), the static capacity of each adsorption
layer (36, 37, 38) formed on the  surfaces of the fins
(30) increases in order of the first adsorption layer
(36), the second  adsorption layer (37) and the third
adsorption layer (38). t 10 [0068] The static capacity
of the adsorbent is herein expressed by the amount of
moisture that the adsorbent can adsorb when brought
into contact with air of constant  relative humidity
for a sufficiently long time, i.e., the amount of
moisture that the  adsorbent has adsorbed until
equilibrium is reached under conditions of coexistence
of the  adsorbent and air of constant relative
humidity. 15 [0069] A description is given of the
course of moisture in the air being adsorbed on the
adsorption layers in the adsorption heat exchanger
(20). As in Embodiment 1, the air sent  into the
adsorption heat exchanger (20) flows into spaces
between the fins (30) and  sequentially passes through
the first column part (21), the second column part
(22) and the  third column part (23). 20 [0070] In the
first column part (21), in the course of passage of
air between the fins (30),  the air comes into contact
with the first adsorption layer (36) so that moisture
in the air is  gradually adsorbed on the first
adsorption layer (36). In other words, in the course
of  passage of air through the first column part (21),
the absolute humidity of the air gradually  decreases.
Therefore, in the first column part (21), the passing
air is cooled by heat 25 exchange with the
refrigerant. However, when the first adsorption layer
(36) adsorbs  moisture, heat of adsorption is
produced, which does not decrease the air temperature
so  much. Hence, in the course of passage of air
through the first column part (21), the relative 23
humidity of the air also gradually decreases. [0071]
In the second column part (22), the air reduced in
relative humidity in the course  of passage through
the first column part (21) comes into contact with the
second adsorption  layer (37) so that moisture in the
air is gradually adsorbed on the second adsorption
layer 5 (37). As described above, the adsorbent in the
second adsorption layer (37) has a higher  static
capacity than the adsorbent in the first adsorption
layer (36). Therefore, the second  



adsorption layer (37) can adsorb moisture, even from
the air having a reduced relative  humidity, as much
as the first adsorption layer (36) can. In other
words, also in the second  column part (22) located
downstream in air flow from the first column part
(21), an amount 10 of moisture adsorbed as much as in
the first column part (21) can be ensured. Therefore,
also in the course of passage of air through the
second adsorption layer (22), the absolute  humidity
and relative humidity of the air gradually decrease as
in the course of passage of  air through the first
column part (21). [0072] In the third column part
(23), the air reduced in relative humidity in the
course of  15 passage through the second column part
(22) comes into contact with the third adsorption
layer (38) so that moisture in the air is gradually
adsorbed on the third adsorption layer  (38). As
described above, the adsorbent in the third adsorption
layer (38) has a higher static  capacity than the
adsorbent in the second adsorption layer (37).
Therefore, the third  adsorption layer (38) can adsorb
moisture, even from the air having a reduced relative
20 humidity, as much as the second adsorption layer
(37) can. In other words, also in the third  column
part (23) located downstream in air flow from the
second column part (22), an  amount of moisture
adsorbed as much as in the second column part (22) can
be ensured.  Therefore, also in the course of passage
of air through the third adsorption layer (23), the
absolute humidity and relative humidity of the air
gradually decrease as in the course of 25 passage of
air through the first column part (21). Then, the air
having passed through the  third column part (23)
flows out of between the fins (30) and sent out to
downstream of the  adsorption heat exchanger (20). 24
[0073] Thus, in the adsorption heat exchanger (20), an
amount of moisture adsorbed as  much as on the first
column part (21) located upstream in air flow can be
ensured also on  the second column part (22) and the
third column part (23) both of which are located
downstream in air flow. Therefore, according to the
adsorption heat exchanger (20) of this 5 embodiment,
its moisture adsorption capacity can be enhanced by
uniforming the amount  of moisture adsorbed in every
part of the adsorption heat exchanger (20). 



[0074] Modification of Embodiment 2  In the above
adsorption heat exchanger (20), the first adsorption
layer (36) and  the second adsorption layer (37) may
be provided with the same substance as their  10
adsorbent and the third adsorption layer (38) may be
provided with, as its adsorbent, a different substance
from that for the first adsorption layer (36) and the
second adsorption  layer (37). For example, the first
adsorption layer (36) and the second adsorption layer
(37)  may be provided with zeolite as their adsorbent
and the third adsorption layer (38) may be  provided
with silica gel as its adsorbent. Also in the
adsorption heat exchanger (20) of this 15
modification, an adsorbent having a higher static
capacity is provided on the third  adsorption layer
(38) formed on surface regions of the fins (30)
located within the  downstream part (27) than on the
first adsorption layer (36) formed on surface regions
of  the fins (30) located within the upstream part
(26). [0075] In the above adsorption heat exchanger
(20), substances other than zeolite and .  20 silica
gel may be used as adsorbents, for example, organic
polymeric materials having  hydrophilic or
water-absorbing functional groups, ion-exchange resin
materials having  carbonic aid groups or sulfonic acid
groups, or clay mineral materials. In these cases,
substances provided as adsorbents in the adsorption
layers (36, 37, 38) are appropriately  selected
according to their respective static capacities so
that the first adsorption layer (36), 25 the second
adsorption layer (37) and the third adsorption layer
(38) have static capacities  increasing in this order.
Alternatively, these materials may not be used singly
for each  adsorption layer (36, 37, 38) or a mixture
of these materials may be provided in various 25
combinations for each adsorption layer (36, 37, 38).
[0076] <<Other Embodiments>> In each of the above
embodiments, the adsorption heat exchanger (20) may
have  the following configurations. 5 [0077] - First
Variant  In the adsorption heat exchanger (20), the
fins (30) may be cut in units of the  



column parts (21, 22, 23). [0078] As shown in Figures
5, 6 and 7, in the adsorption heat exchanger (20) of
this  variant, the first column part (21) is provided
with first fins (31), the second column part  10 (22)
with second fins (32), and the third column part (23)
with third fins (33). The first fins (31) are joined
only to the heat exchange tubes (40) of the first tube
column (41), the  second fins (32) are joined only to
the heat exchange tubes (40) of the second tube column
(42), and the third fins (33) are joined only to the
heat exchange tubes (40) of the third tube  column
(43). Further, the first adsorption layer (36) is
formed on the surfaces of the first 15 fins (31), the
second adsorption layer (37) is formed on the surfaces
of the second fins (32),  and the third adsorption
layer (38) is formed on the surfaces of the third fins
(33). [0079] - Second Variant  Though each of the
above adsorption heat exchangers (20) is provided with
three  tube columns (41, 42, 43), the number of tube
columns provided in the adsorption heat  20 exchanger
(20) is not limited to this. [0080] For example, as
shown in Figures 8 and 9, the adsorption heat
exchanger (20)  may be provided with four tube columns
(41, 42, 43, 44). In this case, in the adsorption
heat exchanger (20), the first tube column (41), the
second tube column (42), the third tube  column (43)
and the fourth tube column (44) are sequentially
arranged from upstream to  25 downstream in air flow.
[0081] In the adsorption heat exchanger (20) of this
variant, as shown in Figure 8, one  column part may be
formed for one tube column. Specifically, in this
adsorption heat 26  exchanger (20), a first column
part (21) is constituted by a part of the adsorption
heat  exchanger (20) extending from the front edge to
the middle between the first tube column  (41) and the
second tube column (42), a second column part (22) is
constituted by a part of  the adsorption heat
exchanger (20) extending from the middle between the
first tube 5 column (41) and the second tube column
(42) to the middle between the second tube  column
(42) and the third tube column (43), a third column
part (23) is constituted by a  



part of the adsorption heat exchanger (20) extending
from the middle between the second  tube column (42)
and the third tube column (43) and the middle between
the third tube  column (43) and the fourth tube column
(44), and a fourth column part (24) is constituted 10
by a part of the adsorption heat exchanger (20)
extending from the middle between the  third tube
column (43) and the fourth tube column (44) to the
rear edge. [0082] In other words, the adsorption heat
exchanger (20) has the first column part (21),  the
second column part (22), the third column part (23)
and the fourth column part (245  formed in order from
upstream to downstream in air flow (from left to right
in Figure 8). In 15 this adsorption heat exchanger
(20), the first column part (21) provides an upstream
part  (26) and the fourth column part (24) provides a
downstream part (27). [0083] In the adsorption heat
exchanger (20) shown in Figure 8, each fin (30) has
the  first adsorption layer (36) formed on a region
thereof located corresponding to the first  column
part (21), the second adsorption layer (37) formed on
a region thereof 20 corresponding to the second column
part (22), the third adsorption layer (38) formed on a
region thereof corresponding to the third column part
(23), and the fourth adsorption layer  (39) formed on
a region thereof corresponding to the fourth column
part (24). Where this  variant is applied to the
adsorption heat exchanger (20) of Embodiment 1, the
mass content  of adsorbent in each adsorption layer
(36-39) increases in order of the first adsorption
layer 25 (36), the second adsorption layer (37), the
third adsorption layer (38) and the fourth  adsorption
layer (39). Where this variant is applied to the
adsorption heat exchanger (20)  of Embodiment 2, the
static capacity of adsorbent provided in each
adsorption layer (36 27  39) increases in order of the
first adsorption layer (36), the second adsorption
layer (37),  the third adsorption layer (38) and the
fourth adsorption layer (39). [0084] In the adsorption
heat exchanger (20) of this variant, as shown in
Figure 9, one  column part may be formed for each pair
of tube columns. Specifically, in this adsorption  5
heat exchanger (20), a first column part (21) is
constituted by a part of the adsorption heai exchanger
(20) extending from the front edge to the middle
between the second tube  



column (42) and the third tube column (43), and a
second column part (22) is constituted  by a part of
the adsorption heat exchanger (20) extending from the
middle between the  second tube column (42) and the
third tube column (43) to the rear edge. 10 [0085] In
other words, the adsorption heat exchanger (20) has
the first column part (21)  and the second column part
(22) formed in order from upstream to downstream in
air flow  (from left to right in Figure 9). In this
adsorption heat exchanger (20), the first column part
(21) provides an upstream part (26) and the second
column part (22) provides a  downstream part (27). 15
[0086] In the adsorption heat exchanger (20) shown in
Figure 9, each fm (30) has the  first adsorption layer
(36) formed on a region thereof located corresponding
to the first  column part (21) and the second
adsorption layer (37) formed on a region thereof
located  corresponding to the second column part (22).
Where this variant is applied to the  adsorption heat
exchanger (20) of Embodiment 1, the mass content of
adsorbent in each 20 adsorption layer (36, 37)
increases in order of the first adsorption layer (36)
and the second  adsorption layer (37). Where this
variant is applied to the adsorption heat exchanger
(20)  of Embodiment 2, the static capacity of
adsorbent provided in each adsorption layer (36,  37)
increases in order of the first adsorption layer (36)
and the second adsorption layer (37).  25 Industrial
Applicability [0087] As seen from the above
description, the present invention is useful as an
adsorption heat exchanger in which an adsorbent is
carried on its fins. 28  Claims 1. An adsorption heat
exchanger including a heat exchange tube (40) through
which heat  medium circulates and fins (30) on the
surfaces of which an adsorbent is carried, said
adsorption heat exchanger for bringing air passing
therethrough into contact with the adsorbent  carried
on the fins (30), wherein a part of said adsorption
heat exchanger located upstream in air flow
constitutes an  upstream part (26) and a part of said
adsorption heat exchanger located downstream in the  



air flow constitutes a downstream part (27), and said
adsorption heat exchanger is configured to uniform the
amount of moisture adsorbed  on the fins (30) from the
upstream part (26) to the downstream part (27);
wherein the amount of the  adsorbent carried on the
fins (30) is different between the upstream part (26)
and the downstream  part (27), thereby uniforming the
amount of moisture adsorbed on the fins (30) from the
upstream  part (26) to the downstream part (27). 2.
The adsorption heat exchanger of claim 1, wherein an
adsorption layer (36, 38) made of a mixture of
adsorbent and binder is formed on the  surfaces of the
fins (30), and the mass contents of adsorbent and
binder in the adsorption layer (36, 38) are  different
between the upstream part (26) and the downstream part
(27), thereby uniforming  the amount of moisture
adsorbed on the fins (30) from the upstream part (26)
to the  downstream part (27). 3. An adsorption heat
exchanger including a heat exchange tube (40) through
which  heat medium circulates and fins (30) which is
attached to the heat exchange tube (40) and  on the
surfaces of which an adsorbent is carried, said
adsorption heat exchanger for  bringing air passing
therethrough into contact with the adsorbent carried
on the fins (30),  wherein 29  a part of said
adsorption heat exchanger located upstream in air flow
constitutes an upstream part (26) and a part of said
adsorption heat exchanger located downstream in the
air flow constitutes a downstream part (27), an
adsorption layer (36, 38) containing the adsorbent is
formed on the surfaces of the  fins (30), and the
downstream part (27) has a higher static capacity of
the adsorption layer (36,  38) than the upstream part
(26). 4. An adsorption heat exchanger including a heat
exchange tube (40) through which  heat medium
circulates and fins (30) which is attached to the heat
exchange tube (40) and  



on the surfaces of which an adsorbent is carried, said
adsorption heat exchanger for  bringing air passing
therethrough into contact with the adsorbent carried
on the fins (30),  wherein a part of said adsorption
heat exchanger located upstream in air flow
constitutes an  upstream part (26) and a part of said
adsorption heat exchanger located downstream in the
air flow constitutes a downstream part (27), and the
downstream part (27) has a larger amount of the
adsorbent carried on the fins  (30) than the upstream
part (26). 5. An adsorption heat exchanger including a
heat exchange tube (40) through which  heat medium
circulates and fins (30) which is attached to the heat
exchange tube (40) and  on the surfaces of which an
adsorbent is carried, said adsorption heat exchanger
for  bringing air passing therethrough into contact
with the adsorbent carried on the fins (30),  wherein
a part of said adsorption heat exchanger located
upstream in air flow constitutes an  upstream part
(26) and a part of said adsorption heat exchanger
located downstream in the  air flow constitutes a
downstream part (27), an adsorption layer (36, 38)
made of a mixture of adsorbent and binder is formed on
the surfaces of the fins (30), and 30  the downstream
part (27) has a higher mass content of adsorbent in
the adsorption  layer (36, 38) than the upstream part
(26). 6. An adsorption heat exchanger including a heat
exchange tube (40) through which  heat medium
circulates and fins (30) which is attached to the heat
exchange tube (40) and  on the surfaces of which an
adsorbent is carried, said adsorption heat exchanger
for  bringing air passing therethrough into contact
with the adsorbent carried on the fins (30),  wherein
a part of said adsorption heat exchanger located
upstream in air flow constitutes an  upstream part
(26) and a part of said adsorption heat exchanger
located downstream in the  



air flow constitutes a downstream part (27), and the
downstream part (27) has an adsorbent of higher static
capacity carried as said  adsorbent on the fins (30)
than the upstream part (26). 


