
;e3eL:~6:T?,ReceivAd.at: 1:27PM, 4/8/2002 SPECIFICATION 5 10   Heat
Exchanger, Method for Producing the Same and Dehumidifier Containing the
Same Heat exchangers wherein fluids are made to pass through two spiral
passages and heat is exchanged between these fluids (the heat exchanger is
hereinafter referred to as ''spiral heat exchanger" for convenience) are
known. For example, Japanese Laid-open Patent Application (Kokai) No.
56-82384 discloses a heat exchanger comprising two spiral passages. Fluids
are made to pass through the respective passages in counter directions so
as to exchange heat through the walls of the passages. A similar heat
exchanger is also described in "High Performance Heat Exchanger Data Book",
published by Energy Saving Center, page 195. With the conventional spiral
heat exchangers, heat exchange is carried out 15 20 while passing the
fluids through the entire passages, they have an advantage that the
efficiency of heat exchange is high. However, since the fluids are made to
enter the passages from the start and end points thereof, respectively, and
made to pass a11 the way to the respective outlets, the pressure loss
(air-flow resistance) is large, so that the amount of the fluid which can
be processed in a unit time is small, and so the throughput is small. To
increase the throughput, it is necessary to introduce the fluids into the
passages with a high pressure, so that a strong motor is necessary and the
electricity consumption is large. Accordingly, an object of the present
invention is to provide a heat exchanger 25 having a high efficiency of
heat exchange comparable to the conventional heat exchangers utilizing
spiral passages, while having a smaller pressure loss (air-flow resistance)
than the conventional heat exchangers of this type, and to provide a method
for producing the heat exchanger, as well as to provide a dehumidifier
Received, at: 1:27PM, 4/8/2002 utilizing the heat exchanger) The present
inventors intensively studied to discover that by discharging the fluid
after passing the fluid through the spiral passage for less than one turn
only, the overall heat exchanging efficiency is as high as those of the
conventional spiral heat 5 exchangers, while the pressure loss (air-flow
resistance) is reduced and so the throughput is largely increased, thereby
completing the present invention. That is, the present invention provides a
heat exchanger comprising a first spiral passage; a second spiral passage
formed along said first passage, which is adjacent to said first passage
via walls; first and second end plates which cover both 



10 end faces of said first and second passages, respectively; a first
passage inlet consisting essentially of a group of openings formed in a
first region continuous along radial direction in said first end plate,
which openings are open only to said first passage; a first passage outlet
consisting essentially of a group of openings formed in a second region
continuous along radial direction in said first or second 15 end plate,
which openings are open only to said first passage; a second passage inlet
consisting essentially of a group of openings formed in a third region
continuous along radial direction in said first or second end plate, which
openings are open only to said second passage; and a second passage outlet
consisting essentially of a group of openings formed in a fourth region
continuous along radial direction in said first 2 0 or second end plate,
which openings are open only to said second passage; said first passage
being tightly closed except for said first passage inlet and said first
passage outlet; said second passage being tightly closed except for said
second passage inlet and said second passage outlet; a first fluid entering
said first passage from said first passage inlet being discharged from said
first passage outlet after passing through 2 5 said first passage for less
than one turn only; a second fluid entering sand second passage from said
second inlet being discharged from said second passage outlet after passing
through said second passage for less than one turn only; heat being
Received at: 1:27PM, 4/8/2002 exchanged between said first and second
fluids through said walls during said first and second fluids pass through
said first and second passages, respectively. The present invention also
provides a heat exchanger comprising a first spiral passage; a second
spiral passage formed along said first passage, which is adjacent to said
first passage via walls; first and second end plates which cover both end
faces of said first and second passages, respectively; a first passage
inlet consisting essentially of a group of openings formed in a first
region continuous along radial direction in said first end plate, which
openings are open only to said first passage; a first passage outlet
consisting essentially of a group of openings formed in a second region 10
continuous along radial direction in said first or second end plate, which
openings are open only to said first passage; a second passage inlet
consisting essentially of a group of openings formed in a third region
continuous along radial direction in said first or second end plate, which
third region is located at an area other than said first and second
regions, which openings are open only to said second passage; and a 15
second passage outlet consisting essentially of a group of openings formed
in a fourth region continuous along radial direction in said first or
second end plate, which fourth region is located at an area other than said
first and second regions, and is formed in the first or second end plate
other than the one in which said second passage inlet is formed, which
openings are open only to said second passage; said 2 0 first passage being
tightly closed except for said first passage inlet and said first passage
outlet; said second passage being tightly closed except for said second
passage inlet and said second passage outlet; a first fluid entering said
first passage from said first passage inlet being discharged from said
first passage outlet after passing through said first passage for less than
one turn only; a second fluid entering 2 5 said second passage from said
second inlet being discharged from said second passage outlet after passing
through said second passage in axial direction; heat being exchanged
between said first and second fluids through said walls during said first
Received, at: 1:27PM, 4/8/2002 and second fluids pass through said first
and second passages, respectively. The present invention further provides a
heat exchanger comprising a first spiral passage; a second spiral passage
formed along said first passage, which is adjacent to said first passage
via walls; first and second end plates which cover both 5 end faces of said
first and second passages, respectively; a first inlet of first passage,
consisting essentially of a group of openings formed in a first region
located at about an outer half or about an inner half of an area continuous
along radial direction in said first end plate, which openings are open
only to said first passage; a first outlet of first passage, consisting
essentially of a group of openings formed in a second 



10 region located at about an outer half of an area continuous along radial
direction in said first or second end plate when said first inlet of first
passage is located at said about outer half of said radially continuous
area, or located at about an inner half of an area continuous along radial
direction in said first or second end plate when said first inlet of first
passage is located at said about inner half of said radially continuous 15
area, which openings are open only to said first passage; a second inlet of
first passage, consisting essentially of a group of openings formed in a
third region located at about an outer half of an area continuous along
radial direction in said first or second end plate when said first inlet of
first passage is located at said about inner half of said radially
continuous area, or located at about an inner half of an area 2 0
continuous along radial direction in said first or second end plate when
said first inlet of first passage is located at said about outer half of
said radially continuous area, which openings are open only to said first
passage; a second outlet of first passage, consisting essentially of a
group of openings formed in a fourth region located at about an outer half
of an area continuous along radial direction in said first or second 2 5
end plate when said second inlet of first passage is located at said about
outer half of said radially continuous area, or located at about an inner
half of an area continuous along radial direction in said first or second
end plate when said second inlet of first   ,Received at: 1:27PM, 4/8/2002
passage is located at said about inner half of said radially continuous
area, which openings are open only to said first passage; a second passage
inlet consisting essentially of a group of openings formed in a fifth
region continuous along radial direction in said first or second end plate,
which fifth region is formed in an area 5 other than said first to fourth
regions, which openings are open only to said second passage; a second
passage outlet consisting essentially of a group of openings formed in a
sixth region continuous along radial direction in said first or second end
plate, which sixth region is formed in an area other than said first to
fourth regions, and is formed in the first or second end plate other than
the one in which said second 10 passage inlet is formed, which openings are
open only to said second passage; and a third passage which air-tightly
connect said first outlet of first passage and said second inlet of first
passage; said first passage being tightly closed except for said first and
second inlets of first passage and said first and second outlets of first
passage; said second passage being tightly closed except for said second
passage inlet 15 and said second passage outlet; a first fluid entering
said first passage from said first inlet of first passage entering said
third passage from said first outlet of first passage after passing through
said first passage less than one turn only, then entering said first
passage from said second inlet of first passage, and being discharged from
said second outlet of first passage after passing through said first
passage less than one 2 0 turn only; a second fluid entering said second
passage from said second inlet being discharged from said second passage
outlet after passing through said second passage in axial direction; heat
being exchanged between said first and second fluids through said wall
during said first and second fluids pass through said first and second
passages, respectively. 2 5 The present invention still further provides a
method for producing the heat exchanger according to the present invention,
comprising the steps of holding said first and second end plates in
parallel, in which said openings are farmed, each of   Received, at:
1:27PM, 4/8/2002 



which has a spiral ridge; stacking two films composed of a material having
flexibility and elasticity; winding said films such that said each film
contacts said each ridge while bending said films such that central portion
in the direction perpendicular to longitudinal direction of said films
protrudes to outer direction of said spiral. The 5 present invention still
further provides a dehumidifier comprising said heat exchanger according to
the present invention. By the present invention, a novel heat exchanger
with which the pressure loss is small and the throughput is large, but
which has a heat-exchanging efficiency as high as that by the conventional
spiral heat exchangers, and to which ducts for 10 introducing the fluids
may easily be connected, was provided. By the production method according
to the present invention, the spiral heat exchanger according to the
present invention may be produced inexpensively in a large amount. Further,
by the present invention, a dehumidifier having a high heat-exchanging
efficiency, with which electricity consumption is small and which is
advantageous for compaction 15 was provided. Fig. 1 is a schematic exploded
view showing a preferred embodiment of the first invention. Fig. 2 is a
drawing for explaining the heat-exchanging efficiency of the heat 2 0
exchanger according to the present invention. Fig. 3 is a drawing for
explaining a method for producing the heat exchanger according to the
present invention. Fig. 4 is a schematic view showing another embodiment of
the first invention. Fig. 5 is a schematic view showing still another
embodiment of the first 2 5 invention. Fig. d is a schematic view showing
still another embodiment of the first invention.   Received, at: 1:27PM,
4/8/2002 



7 Fig. 7 is a schematic view showing a preferred embodiment of the second
invention. Fig. 8 is a schematic view showing a preferred embodiment of the
third invention. 5 Best Mode for Carrying Out the Invention Fig. 1 shows a
preferred embodiment of the heat exchanger according to the present
invention. Fig. 1 separately shows the part of the passages and the two end
plates provided on both end faces thereof. The heat exchanger according to
the present invention comprises a first spiral 10 passage 10, and a second
spiral passage 12 formed along the first passage and is adjacent to the
first passage via walls I4. The walls are preferably made of a film such as
a plastic, which has an appropriate rigidity, flexibility and elasticity.
The plastic material is not restricted, and preferred examples thereof
include polypropylenes and polystyrenes. The thickness of the film is not
restricted, and . 3. 5 usually 20 to 1000 (err)m is appropriate. The shape
of the spiral is not restricted, and any spiral shape may be employed.
Thus, the spiral may be ordinary spiral close to true circle, or may be
oval or polygonal. The end faces of these passages are covered with a first
end plate 16 and a second end plate 18, respectively. The term "end faces"
means the bottom face and 2 0 the top face of the substantially cylindrical
shape formed by the first passage 10 and the second passage 12. The first
passage 10 and the second passage 12 are air tightly sealed with the first
end plate 1 d and the second end plate 18. In the first end plate 16, a
first passage inlet 22 consisting essentially of a group of openings formed
in a first region 20 continuous along the radial direction in 



2 5 the first end plate, which openings are open only to the first passage
is formed. Although the number of the openings in the embodiment shown in
Fig. 1 is only 2 because each passage is wound only two turns for the
purpose of simplicity, since in   Received at: 1:27PM, 4/8/2002 the actual
heat exchanger, the passages are usually wound 10 to 100 turns, the number
of the openings is more than that shown in Fig. 1 accordingly. In the
embodiment shown in Fig. 1, the first region is substantially sector, but
the shape of the first region is not restricted thereto. For example, it
may have an arbitrary shape 5 such as rectangle or the like. However, since
the distance between the inlet and the outlet below described is short in
the vicinity of the center of the end plate 16 {the amount of the fluid to
be processed per a unit area of the wall is large), heat exchange is not
well performed on the fluid supplied to this region. Therefore, in the
vicinity of the center, it is preferred to make the sizes of the openings
as small as possible so 10 as to make the distance between the opening and
the outlet as long as possible. Therefore, the shape of the first region
may preferably be a sector as shown in Fig. 1. Alternatively, to avoid the
problem that the distance between the inlet and the outlet is short, the
first region may not extend to the vicinity of the center of the end plate
16. For example, the first region may be formed in about outer 2/3 region
in the 15 radial direction in the end plate 16 (In this case, no openings
are formed in the turns of the first passage, which run in the vicinity of
the center). The openings may preferably be formed in a11 of the turns of
the first passage, which cross the first region. However, if the openings
are formed in about not less than 80% of the turns of the first passage,
which cross the first region, there is substantially no problem. 2 0
Although the size of the openings is not restricted, if it is too small,
the throughput is small, and if it is too large, the distance of the
passage between the inlet and the outlet in which heat exchange is carried
out is short (the amount of the fluid to be processed in a unit area of the
wall is large), so that the heat-exchanging efficiency is low. Thus, the
size of the openings may preferably be about 15 to 60 degrees in 2 5 terms
of the central angle (the angle formed by the both edges of the arc in the
circumferential direction of the opening and the center of the end plate).
On the other hand, in the second end plate 18, a first passage outlet 26
Received at: 1:27PM, 4/8/2002 consisting essentially of a group of openings
formed in a second region 24 continuous along the radial direction in the
second end plate, which openings are open only to the first passage is
formed. Although the number of the openings in the embodiment shown in Fig.
1 is only 2 because each passage is wound only two 5 turns for the purpose
of simplicity, in the actual heat exchanger, the passages are usually wound
10 to 100 turns, so that the number of the openings is more than that shown
in Fig. 1 accordingly. In the embodiment shown in Fig. Z , the second
region is substantially sector, but the shape of the second region is not
restricted thereto. For example, it may have an arbitrary shape such as
rectangle or the like. However, 10 since the distance between the
above-mentioned first passage inlet 22 and the first 



passage outlet 26 is short in the vicinity of the center of the end plate
18 (the amount of the fluid to be processed per a unit area of the wall is
large), heat exchange is not well performed on the fluid supplied to this
region. Therefore, in the vicinity of the center, it is preferred to make
the sizes of the openings as small as possible so as to 15 make the
distance between the opening and the outlet as long as possible. Therefore,
the shape of the second region may preferably be a sector as shown in Fig.
1. Alternatively, to avoid the problem that the distance between the inlet
and the outlet is short, the second region may not extend to the vicinity
of the end plate 18. For example, the second region may be formed in about
outer 2/3 region in the radial 2 0 direction in the end plate 18 (In this
case, no openings are formed in the turns of the first passage, which run
in the vicinity of the center). The openings may preferably be formed in
all of the turns of the first passage, which cross the second region.
However, if the openings are formed in about not less than $0% of the turns
of the first passage, which crass the second region, there is substantially
no problem. 2 5 Although the size of the openings is not restricted, if it
is too small, the throughput is small, and if it is too large, the distance
of the passage between the inlet and the outlet in which heat exchange is
carried out is short (the amount of the fluid to be   .Received, at:
1:27PM, 4/8/2002 10 5 10 15 20 25 processed in a unit area of the wall is
large so that the heat-exchanging efficiency is low. Thus, the size of the
openings may preferably be about 1 S to 60 degrees in terms of the central
angle (the angle formed by the both edges of the arc in the circumferential
direction of the opening and the center of the end plate). In the
embodiment shown in Fig. 1, the first passage inlet 22 is formed in the
left side of the end plate 16, and the first passage outlet 26 is formed in
the right side of the end plate 18, so that the first passage inlet 22 and
the first passage outlet 26 are formed at the positions shifted by about
180 degrees each other. The positional relationship between the first
passage inlet 22 and the first passage outlet 26, however, is not
restricted thereto, and arbitrary positional relationship may be employed.
However, if the fluid entering from the inlet, is discharged immediately
from the outlet, the heat-exchanging efficiency is low. Therefore, it is
preferred to arrange the inlet and the outlet such that the fluid entering
from the first passage inlet is discharged from the first passage outlet
after passing through the first passage preferably for about 120 to 340
degrees, more preferably for about 150 to 340 degrees. In any event, the
fluid entering from the first passage inlet 22 is discharged from the first
passage outlet 26 after passing through the first passage 10 for less than
one turn only (i.e., less than 360 degrees), In cases where the inlet and
the outlet are arranged at positions shifted by a degree which is not about
180 degrees, it is preferred to give an initial velocity to the fluid
supplied to the inlet, in the direction for passing through the longer
passage, in order to prevent the fluid from being discharged from the
outlet after passing through the shorter, part of the passage. If it is
desired to avoid such complexity, it is preferred to arrange the first
passage inlet 22 and the first passage outlet 26 at the positions shifted
by about 180 degrees (i.e., 150 to 210 degrees) as shown in Fig. I . It
should be noted that in the embodiment shown in Fig. 1, the first passage
inlet 22 and the first passage outlet 26 are formed in the different end
plates, but they may also be formed in the same end plate.   Received at:
1:27PM, 4/8/2002 



11 In the first end plate 15, a second passage inlet 30 consisting
essentially of a group of openings formed in a third region 28 continuous
along the radial direction, which third region 28 is located at a position
other than the first region 20, which openings are open only to the second
passage 12, is formed. Although the number 5 of the openings in the
embodiment 'shown in Fig. 1 is only 2 because each passage is wound only
two turns for the propose of simplicity, in the actual heat exchanger, the
passages are usually wound 10 to 100 turns, so that the number of the
openings is more than that shown in Fig. 1 accordingly. In the embodiment
shown in Fig. 1, the third region is substantially sector, but the shape of
the third region is not restricted ~. 0 thereto. For example, it may have
an arbitrary shape such as rectangle or the like. However, since the
distance between the inlet and the outlet below described is short in the
vicinity of the center of the end plate 16 (the amount of the fluid to be
processed per a unit area of the wall is large), heat exchange is not well
performed on the fluid supplied to this region. Therefore, in the vicinity
of the center, it is 15 preferred to make the sizes of the openings as
small as possible so as to make the distance between the opening and the
outlet as long as possible. Therefore, the shape of the third region may
preferably be a sector as shown in Fig. 1. Alternatively, to avoid the
problem that the distance between the inlet and the outlet is short, the
third region may not extend to the vicinity of the center of the end plate
2 0 16. For example, the third region may be formed in about outer 2/3
region in the radial direction in the end plate 16 (In this case, no
openings are formed in the turns of the second passage, which run in the
vicinity of the center). The openings may preferably be formed in all of
the turns of the second passage, which cross the third region. However, if
the openings are formed in about not less than 80% of the turns 2 5 of the
second passage, which cross the third region, there is substantially no
problem. Although the size of the openings is not restricted, if it is too
small, the throughput is small, and if it is too large, the distance of the
passage between the inlet and the   Received at: 1:27PM, 4/8/2002 12 outlet
in which heat exchange is carried out is short (the amount of the fluid to
be processed in a unit area of the wall is large), so that the
heat-exchanging efficiency is low. Thus, the size of the openings may
preferably be about 15 to 60 degrees in terms of the central angle (the
angle formed by the both edges of the arc in the 5 circumferential
direction of the opening and the center of the end plate). On the other
hand, in the second end plate 18, a second passage outlet 34 consisting
essentially of a group of openings formed in a fourth region 24 continuous
along the radial direction in the first end plate, which fourth region is
located at a position other than the above-mentioned second region 24,
which openings are open 10 only to the second passage, is formed. Although
the number of the openings in the embodiment shown in Fig. 1 is only 2
because each passage is wound only two turns for the purpose of simplicity,
in the actual heat exchanger, the passages are usually wound 10 to 100
turns, so that the number of the openings is more than that shown in Fig. 1
accordingly. In the embodiment shown in Fig. 1, the fourth region is 15
substantially sector, but the shape of the fourth region is not restricted
thereto. For example it may have an arbitrary shape such as rectangle or
the like. However, since the distance between the above-mentioned second
passage inlet 30 and the second passage outlet 34 is short in the vicinity
of the center of the end plate 18 (the amount of the fluid to be processed
per a unit area of the wall is large), heat exchange 2 0 is not well
performed on the fluid supplied to this region. Therefore, in the vicinity
of the center, it is preferred to make the sizes of the openings as small
as possible so as to make the distance between the inlet and the outlet as
long as possible. Therefore, the shape of the fourth region may preferably
be a sector as shown in Fig. 1. Alternatively, to avoid the problem that
the distance between the inlet and the 



2 5 outlet is short, the fourth region may not extend to the vicinity of
the center of the end plate 18. For example, the fourth region may be
formed in about outer 2/3 region in the radial direction in the end plate
18 {In this case, no openings are formed   Received at: 1:27PM, 4/8/2002 13
in the turns of the first passage, which run in the vicinity of the
center). The openings may preferably be formed in a11 of the turns of the
second passage, which cross the fourth region. However, if the openings are
formed in about not less than 80% of the turns of the second passage, which
cross the fourth region, there is 5 substantially no problem. Although the
size of the openings is not restricted, if it is too small, the throughput
is small, and if it is too large, the distance of the passage between the
inlet and the outlet in which heat exchange is carried out is short (the
amount of the fluid to be processed in a unit area of the wall is large),
so that the heat-exchanging efficiency is low. Thus, the size of the
openings may preferably be 1. 0 about 15 to 60 degrees in terms of the
central angle (the angle formed by the both edges of the arc in the
circumferential direction of the opening and the center of the end plate).
In the embodiment shown in Fig. 1, the second passage inlet 30 is formed in
the right side of the end plate 16, and the second passage outlet 34 is
formed in the 15 left side of the end plate 18, so that the second passage
inlet 30 and the second passage outlet 34 are formed at the positions
shifted by about I80 degrees each other. The positional relationship
between the second passage inlet 30 and the second passage outlet 34,
however, is not restricted thereto, and arbitrary positional relationship
may be employed. However, if the fluid entering from the inlet, is 2 0
discharged immediately from the outlet, the heat-exchanging efficiency is
low. Therefore, it is preferred to arrange the inlet and the outlet such
that the fluid entering from the second passage inlet is discharged from
the second passage outlet after passing through the second passage
preferably for about 120 to 340 degrees, more preferably for about 150 to
340 degrees. In any event, the fluid entering from the 2 5 second passage
inlet 30 is discharged from the second passage outlet 34 after passing
through the second passage 12 for less than one turn only (i.e., less than
360 degrees). In cases where the inlet and the outlet are arranged at
positions shifted by a degree   Received at: 1:27PM, 4/8/2002 14 which is
not about 180 degrees, it is preferred to give an initial velocity to the
fluid supplied to the inlet, in the direction for passing through the
longer passage, in order to prevent the fluid from being discharged from
the outlet after passing through the shorter part of the passage. If it is
desired to avoid such complexity, it is preferred 5 to arrange the second
passage inlet 30 and the second passage outlet 34 at the positions shifted
by about 1$0 degrees (i.e., 1 SO to 210 degrees) as shown in Fig. 1. It
should be noted that in the embodiment shown in Fig. 1, although the second
passage inlet 30 and the second passage outlet 34 are formed in the
different end plates, they may also be formed in the same end plate.
Further, in the 10 embodiment shown in Fig. 1, although the second passage
inlet 30 and the first passage inlet 22 are formed in the same end plate,
they may be formed in the different end plates. That is, the first passage
inlet, the first passage outlet, the second passage inlet and the second
passage outlet may be formed in any of the end plates, and any of the
inlets and outlets may be formed in any of the end plates. 



15 However, it is preferred to arrange the inlets and outlets such the two
fluids flow in the counter directions. Method fox operation will now be
described. A first fluid to be subjected to heat exchange is supplied to
the first region 20. This may be carried out by airtightly connecting a
duct not shown to the outer periphery of the first region 20, and 2 0 the
first fluid is supplied to the first region 20 through this duct. Since the
end plate is flat, the connection with the duct may easily be attained.
Upon supplying the first fluid to the first region 20, as shown by the
broken arrows in Fig. 1, the first fluid enters the first passage 10
through the first passage inlet 22. The first fluid passes through the
first passage 10 for only about half turn, and is then discharged from the
2 5 first passage outlet 26. Simultaneously, a second fluid is supplied to
the third region in the same manner. As shown by the solid arrows in Fig.
1, the supplied second fluid enters the second passage 12 from the second
passage inlet 30, and is   Received. at: 1:27PM, 4/8/2002 J. 5 discharged
from the second passage outlet 34 after passing through the second passage
12 fox only about half turn. It is preferred to make the first and second
fluids flow in counter directions as shown in Fig. 1. This may easily be
attained by arranging the first passage inlet 22 and the second inlet
passage 30 at the positions 5 shifted by 180 degrees each other. through
the first passage 10 and the second passage 12, respectively, heat exchange
is carried out therebetween via the walls 14. The heat-exchanging
efficiency is about the same as that with the 10 conventional spiral heat
exchangers, while since each fluid passes through the passage for only less
than 1 turn, the pressure loss is small and the throughput is largely
increased. This will now be described referring to Fig. 2. As shown in Fig.
2, a heat-exchanging film having a surface area of Af is placed in the
center portion of a passage having a cross sectional area of Ad and a
length of L, and fluids, each of 15 which has a flow rate of V, flow in
counter directions. The heat-exchanging efficiency of this heat exchanger
is expressed as V/Af and the pressure loss is expressed as V/Ad x L.
Another heat exchanger comprising S heat-exchanging films each of which has
a cross sectional area of Af/S, placed in a passage having the same cross
sectional area as described above and having the length of 1/S of that of 2
0 the passage mentioned above will now be considered. In this heat
exchanger, fluids, each of which has a flow rate of V, flow in counter
directions (the difference in the temperatures between the fluids are the
same as in the case described above). The heat-exchanging efficiency in
this case is VI((Af/S)xS)=V/Af which is the same as that of the heat
exchanger described above, while the pressure loss is { V/AdxL)x 1 /S 2 5
which is the 1IS of that of the heat exchanger described above (the
thickness of the films is ignored). That is, since the heat-exchanging
efficiency varies depending on the flow rate of the fluid to be processed
per a unit area of the heat-exchanging film if   'Received at: 1:27PM,
4/8/2002 16 



the difference in the temperatures of the two fluids introduced is
constant, a heat exchanger having the same level of heat-exchanging
efficiency but having a low pressure loss is attained by dividing the
heat-exchanging f lm and to shorten the length of the passage. In other
words, a heat exchanger which has the same heat s exchanging efficiency but
which can process a large amount of fluids may be attained by increasing
the areas of the inlets and outlets of the fluids without changing the area
of the heat-exchanging film. An example of the method for preparing the
heat exchanger according to the present invention will now be described. On
each of the f rst and second end plates 10 16 and 18, a spiral ridge 36 is
formed. These end plates are held in parallel such that the sides on which
the ridges 36 are formed face each other. Two films made of a material
having flexibility and elasticity are stacked, and the films axe wound such
that that each film contacts the ridges while bending the films such that
central portion in the direction perpendicular to longitudinal direction of
the films protrudes 15 to the outer direction of the spiral (see Fig. 3).
In the present specification, the term "elasticity" means that when the
film is bent such that central portion in the direction perpendicular to
longitudinal direction of the films protrudes to the outer direction of the
spiral, the film exerts force to restore to the original shape. The two
films are wound about different ridges, so that the separated first and
second passages are 2 0 formed (see Fig. 1 ). By bending the films as
mentioned above, the longer sides of the films can get over the ridges, so
that the films rnay be wound from the center of the spiral to the outer
part thereof. To wind the films while bending the f lms as mentioned above,
a jig which enables to keep the films in such a bent state may be used.
That is, by preparing a jig having a doglegged slit, and by carrying out
the 2 5 winding operation while inserting each film into the slit, the
winding of the films while bending the films as mentioned above may be
attained. To make it easy for the films to get over the ridges 36, it is
preferred to form each ridge 36 such that the   Received at: 1:27PM,
4/8/2002 17 5 10 15 20 inner side of the ridge is sloped as shown in Fig.
1. preferably stands up perpendicularly to the end plate. The outer side of
the ridge 36 By this, the film is fixed along the outer side of the ridge
36. This is shown in Fig. 3. Since the ridge 36 cannot be formed on the
openings in the end plate, it is preferred to place a guide plate 38 from
the outside of the end plate, which guide plate 38 gives ridges 36 to the
openings in the end plate. Further, as shown in Fig. 1, at the start point
and the end point of the spiral, it is preferred to air-tightly seal the
passages by stacking the two f lms and to wind the stacked films about the
same ridge for one to several toms. By this operation, the start point and
the end point of the two films may be 



substantially air-tightly sealed even if an additional treatment such as
treatment with an adhesive is not performed. After completion of the
winding, the guide plate 38 is removed, and the end portions of the films
and the ridges 36 are air-tightly bound. This may be carried out by, for
example, a method by welding under heat by, fox example, generating heat at
the connecting portions of the films and the plates by ultrasonication or
the like; a method in which the connecting portion are immersed in a
solvent which dissolves the films and/or the ridges so as to weld them; or
by a method in which an adhesive is applied to the edges of the long sides
of the f lms and by adhering the connecting portions. Further, a groove
adjacent to the outer side of each ridge may be provided, and the
air-tightness may be further improved by inserting the filrns into the
grooves. Other modes of the above-described present invention are shown in
Figs. 4 to 25 6. In Figs. 4 to 6, as for the regions in which the openings
are formed, only the regions are shown and the openings formed therein are
not shown. The spiral passages are also not shown. In the embodiment shown
in Fig. 4, the first passage inlet and the second passage outlet are formed
in the first end plate, and the first passage outlet and the second passage
inlet are formed in the second end plate. in the embodiment shown in Fig.
5, all openings are formed in the ftrst end plate. In   Receiv~d,at:
1:27PM, 4/8/2002 18 the embodiment shown in Fig. 6, the first passage inlet
and the first passage outlet are formed in the first end plate, and the
second passage inlet and the second passage outlet are formed in the second
end plate. A second invention (claim 5) will now be described referring to
Fig. 7. In 5 10 15 20 25 Fig. 7, as in Figs. 4 to 6, only the regions in
which the openings are formed are shown and the openings formed therein are
not shown. The spiral passages are also not shown. The spiral first and
second passages, the first and the second end plates and the first passage
inlet 22 and the first passage outlet 26 are the same as in the first
invention shown in Fig. 1. In the embodiment shown in Fig. 7, the second
passage inlet and the second passage outlet 34 are formed in large regions
in the different end plates, respectively. That is, the third region and
the fourth region described in the first invention are large. Although the
second passage inlet is not shown in Fig. 7, a region of openings, which
has the same size as the second passage outlet 34 is provided on the same
position in the second end plate. The size of the second passage inlet and
the second passage outlet 34 is not restricted, and may preferably be about
240 to 300 degrees in terms of central angle. The second passage inlet and
the second passage outlet may be divided. In the second invention, except
for the size of the second passage inlet and the second passage outlet, the
constitution and preferred mode are the same as those of the
above-described first invention. Method for operation will now be
described. In the same manner as in the first invention described referring
to Fig. 1, a first fluid is supplied to the first passage from the first
passage inlet 22. The first fluid which entered the first passage is
discharged from the first passage outlet 26 after passing through the first
passage for only less than one turn. On the other hand, a second fluid is
supplied from the second passage inlet and is discharged from the second
passage outlet 34 after passing through the second passage in the axial
direction. During this period of time, heat is exchanged between the first
and the second fluids.   



.Received at: 1:27PM, 4/8/2002 19 A third invention (claim 8} will now be
described referring to Fig. 8. In Fig. 5 10 15 20 25 8, as in Figs. 4 to 6,
only the regions in which the openings are formed are shown and the
openings formed therein are not shown. The spiral passages are also not
shown. The spiral first and second passages, and the first and the second
end plates are the same as in the first invention. In the third invention,
a f rst inlet 22 of the first passage is formed at about an outer half or
about an inner half of a continuous area along radial direction in the
first end plate, and the first outlet 26 of the first passage is formed at
about an outer half or about an inner half of a continuous area along
radial direction in the first or second end plate. In this case, when the
first inlet 22 of the first passage is formed at about the outer half in
the radial direction in the first end plate, the first outlet 26 of the
first passage is also formed at about the outer half in the radial
direction in the first or second end plate. When the first inlet 22 of the
first passage is formed at about the inner half in the radial direction in
the first end plate, the first outlet 26 of the first inlet is also formed
at about the inner half in the radial direction in the first or second end
plate. A second inlet 22' of the first passage, which opens only to the
first passage, is formed, and is air-tightly connected to the first outlet
26 of the f rst passage via a duct not shown. When the first inlet 22 of
the first passage is formed at about an outer half in the radial direction,
the second inlet 22' of the first passage is formed at about an inner half
of in the radial direction o~ the first or second end plate. When the first
inlet 22 of the first passage is formed at about an inner half in the
radial direction of the first end plate, the second inlet 22' of the first
passage is formed at about outer half in the radial direction of the first
or second end plate. Further, a second outlet 26' of the first passage is
formed. When the second inlet 22' of the first passage is formed at about
the outer half in the direction in the first end plate, the second outlet
26' of the first passage is also formed at about the outer half in the
radial direction in the first or second end plate. When the second inlet
22' of the first passage is formed at about   R,ece~ved, at: 1:27PM,
4/8/2002 as the inner half in the radial direction in the first end plate,
the second outlet 26' of the first passage is also formed at about the
outer half in the radial direction of the first or second end plate. In the
embodiment shown in Fig. 8, a second passage inlet and a second 5 passage
outlet 34 are formed in large regions in the different end plates,
respectively. That is, the third region and the fourth region described in
the first invention axe large. Although the second passage inlet is not
shown in Fig. 8, a region of openings, which has the same size as the
second passage outlet 34, is provided at the same position in the second
end plate. The size of the second passage inlet and the second passage 10
outlet 34 is not restricted, and may preferably be about 240 to 300 degrees
in terms of central angle. The second passage inlet and the second passage
outlet may be divided. Tn the third invention, except for that there are
two inlets and outlets) respectively, in the first passage and except for
the size of the second passage inlet and the second passage outlet, the
constitution and preferred mode are the same as 15 those of the
above-described first invention. Method for operation will now be
described. A first fluid is supplied to the first passage from the first
inlet 22 of the first passage. The first fluid entered the first passage is
discharged from the first outlet 26 of the first passage after passing
through the first passage for less than one turn (in the embodiment shown
in Fig. 8, 



2 0 about half turn). The discharged first fluid passes through the duct
not shown and enters the first passage from the second passage 22' of the
first passage. The first fluid then passes through the first passage for
less than one turn (in the embodiment shown in Fig. 8, about half turn),
and is discharged from the second outlet 26' of the first passage. During
this period of time, heat is exchanged between the first and 2 5 the second
fluids. The heat exchanger according to the second or third invention may
also be produced by the method similar to the heat exchanger according to
the first invention.   ,Received~.at: 1:27PM, 4/8/2002 21 The heat
exchanger according to the present invention may be applied to any 5 10 15
20 25 use in which heat is exchanged between fluids. The fluid may be
either gas or liquid. An example of the preferred uses is the case wherein
the heat exchanger is applied to a dehumidifier. That is, the present
invention provides a dehumidifier according to the present invention. In
the conventional dehumidifieres, since a dehumidification element is
regenerated with heated air, and the air used for regeneration is cooled to
condense, heat is exchanged between the air before being heated and the air
after being used for regeneration. The heat exchanger according to the
present invention may preferably be employed as such a heat exchanger of
the dehumidifier. That is, the present invention provides a dehumidifier
comprising at least a casing, a dehumidification element held in the
casing; a heater which heats air for regeneration of the dehumidification
element; a heat exchanger for exchanging heat between the air for
regeneration after regenerating the dehumidification element) which air is
hot and humid, and the air for regeneration before being heated; and/or a
heat exchanger for cooling the hot and humid air for regeneration after
regenerating the dehumidification element, or for further recovering heat
therefrom, wherein the heat exchangers) is(are) the heat exchanger
according to the present invention. Such a dehumidifier per se (the heat
exchanger is a conventional one) is well-known and is described in, for
example, U.S. Patent No. 6,083,304 (U.S. Patent No. 6,083,304 is hereby
incorporated by xeference). By applying the heat exchanger of the present
invention to a dehumidifzer, even if the heat exchange is carried out with
a smaller pressure than in the conventional apparatus, about the same or
more heat-exchanging efficiency may be attained, so that the consumption of
power may be saved, and the motor can be made compact.   Received at:
1:27PM, 4/8/2002 



22 CLAIMS 1. A heat exchanger comprising a first spiral passage; a second
spiral passage formed along said first passage, which is adj acent to said
first passage via walls; first and second end plates which cover both end
faces of said first and second passages, 5 respectively; a first passage
inlet consisting essentially of a group of openings formed in a first
region continuous along radial direction in said f rst end plate, which
openings are open only to said first passage; a first passage outlet
consisting essentially of a group of openings formed in a second region
continuous along radial direction in said first or second end plate, which
openings are open only to said first 10 passage; a second passage inlet
consisting essentially of a group of openings formed in a third region
continuous along radial direction in said first or second end plate, which
openings are open only to said second passage; and a second passage outlet
consisting essentially of a group of openings formed in a fourth region
continuous along radial direction in said first or second end plate, which
openings are open only 15 to said second passage; said first passage being
tightly closed except for said first passage inlet and said first passage
outlet; said second passage being tightly closed except for said second
passage inlet and said second passage outlet; a first fluid entering said
first passage from said first passage inlet being discharged from said
first passage outlet after passing through said first passage for less than
one turn only; 2 0 a second fluid entering said second passage from said
second inlet being discharged from said second passage outlet after passing
through said second passage for less than one turn only; heat being
exchanged between said first and second fluids through said walls during
said first and second fluids pass through said first and second passages,
respectively. 25 2. The heat exchanger according to claim l, wherein said
first passage inlet opens to substantially a11 turns of said first passage
crossing said first region; said first passage outlet opens to
substantially a11 turns of said first passage crossing said   Received at:
1:27PM, 4/8/2002 23 second region; said second passage inlet opens to
substantially all turns of said second passage crossing said third region;
and said second passage outlet opens to substantially all turns of said
second passage crossing said fourth region. 3. The heat exchanger according
to claim 1 or 2, wherein said first passage inlet 5 and said first passage
outlet are formed in regions shifted each other by about 180. 4. The heat
exchanger according to any one of claims 1 to 3, wherein said first fluid
and said second fluid pass through said first and second passages,
respectively, in counter directions. 5. A heat exchanger comprising a first
spiral passage; a second spiral passage 10 formed along said first passage,
which is adjacent to said first passage via walls; first and second end
plates which cover both end faces of said first and second passages,
respectively; a first passage inlet consisting essentially of a group of
openings formed in a first region continuous along radial direction in said
first end plate, which openings are open only to said first passage; a f
rst passage outlet consisting 1. 5 essentially of a group of openings
formed in a second region continuous along radial direction in said first
or second end plate, which openings are open only to said first passage; a
second passage inlet consisting essentially of a group of openings formed
in a third region continuous along radial direction in said first or second
end plate, which third region is located at an area other than said first
and second regions, 2 0 which openings are open only to said second
passage; and a second passage outlet 



consisting essentially of a group of openings formed in a fourth region
continuous along radial direction in said first or second end plate, which
fourth region is located at an area other than said first and second
regions, and is formed in the first or second end plate other than the one
in which said second passage inlet is formed, which 2 5 openings are open
only to said second passage; said first passage being tightly closed except
for said first passage inlet and said first passage outlet; said second
passage being tightly closed except for said second passage inlet and said
second passage   Received.at: 1:27PM, 4/8/2002 24 outlet; a first fluid
entering said first passage from said first passage inlet being discharged
from said first passage outlet after passing through said first passage for
less than one turn only; a second fluid entering said second passage from
said second inlet being discharged from said second passage outlet after
passing through said S second passage in axial direction; heat being
exchanged between said first and second fluids through said walls during
said first and second fluids pass through said first and second passages,
respectively. 6. The heat exchanger according to claim 5, wherein said
second passage inlet and said second passage outlet are farmed in
substantially the entire area in each of 10 said end plates, respectively,
which area is other than said first and second regions. 7. The heat
exchanger according to claim 5 or 6, wherein said first passage inlet opens
to substantially all turns of said first passage crossing said first
region; said first passage outlet opens to substantially a11 toms of said
first passage crossing said second region; said second passage inlet opens
to substantially a11 turns of said L 5 second passage crossing said third
region; and said second passage outlet opens to substantially a11 turns of
said second passage crossing said fourth region. 8. A heat exchanger
comprising a first spiral passage; a second spiral passage formed along
said first passage, which is adj scent to said first passage via walls;
first and second end plates which cover both end faces of said first and
second passages, 2 0 respectively; a first inlet of first passage,
consisting essentially of a group of openings formed in a first region
located at about an outer half or about an inner half of an area continuous
slang radial direction in said first end plate, which openings are open
only to said first passage; a first outlet of first passage, consisting
essentially of a group of openings formed in a second region located at
about an outer half of an area 2 5 continuous along radial direction in
said first or second end plate when said first inlet of first passage is
located at said about outer half of said radially continuous area, or
located at about an inner half of an area continuous along radial direction
in said first   .Received at: 1:27PM, 4/8/2002 25 or second end plate when
said first inlet of f rst passage is located at said about inner half of
said radially continuous area, which openings are open only to said first
passage; a second inlet of first passage, consisting essentially of a group
of openings formed in a third region located at about an outer half of an
area continuous along 5 radial direction in said first or second end plate
when said first inlet of first passage is 



located at said about inner half of said radially continuous area, or
located at about an inner half of an area continuous along radial direction
in said first or second end plate when said first inlet of first passage is
located at said about outer half of said radially continuous area, which
openings are open only to said first passage; a second outlet 10 of first
passage, consisting essentially of a group of openings formed in a fourth
region located at about an outer half of an area continuous along radial
direction in said first or second end plate when said second inlet of first
passage is located at said about outer half of said radially continuous
area, or located at about an inner half of an area continuous along radial
direction in said first or second end plate when said 15 second inlet of
first passage is located at said about inner half of said radially
continuous area, which openings are open only to said first passage; a
second passage inlet consisting essentially of a group of openings formed
in a fifth region continuous along radial direction in said first or second
end plate, which fifth region is formed in an area other than said first to
fourth regions, which openings are open only to said 2 0 second passage; a
second passage outlet consisting essentially of a group of openings formed
in a sixth region continuous along radial direction in said first or second
end plate, which sixth region is farmed in an area other than said first to
fourth regions, and is formed in the first or second end plate other than
the one in which said second passage inlet is formed, which openings are
open only to said second passage; and a 2 5 third passage which air-tightly
connect said first outlet of first passage and said second inlet of first
passage; said first passage being tightly closed except for said first and
second inlets of first passage and said first and second outlets of first
Received at: 1:27PM, 4/8/2002 26 passage; said second passage being tightly
closed except far said second passage inlet and said second passage outlet;
a first fluid entering said first passage from said first inlet of first
passage entering said third passage from said first outlet of first passage
after passing through said first passage less than one turn only, then
entering said first 5 passage from said second inlet of first passage, and
being discharged from said second outlet of first passage after passing
through said first passage less than one turn only; a second fluid entering
said second passage from said second inlet being discharged from said
second passage outlet after passing through said second passage in axial
direction; heat being exchanged between said first and second fluids
through 10 said wall during said f rst and second fluids pass through said
first and second passages, respectively. 9. The heat exchanger according to
any one of claims 1 to 8, wherein at start point and end point of the
spiral, the walls constituting said first and second passages are
air-tightly stacked and wound together. 15 10. A method for producing the
heat exchanger according to any one of claims 1 to 8, comprising the steps
of holding said first and second end plates in parallel, in which said
openings are farmed, each of which has a spiral ridge; stacking two films
composed of a material having flexibility and elasticity; winding said
films such that said each film contacts said ridges while bending said
films such that central portion 2 0 in the direction perpendicular to
longitudinal direction of said films protrudes to outer direction of said
spiral. 11. The method according to claim 10, wherein said films are
spirally wound while closing said openings with a guide plate having ridges
compensating the ridges lacked due to the openings. 2 5 12. The method
according to claim 10 or 11, wherein said two films are airtightly stacked
and wound together at the start point of the spiral, and after winding said
films spirally, said two films are air-tightly stacked and wound together
at the 



:d at: 9:27PM, 4/8/2002 27 end point of the spiral. 13. A dehumidifier
comprising said heat exchanger according to any one of clairx~s 1 to 9. I
4. The dehumidif er according to claim I 3, comprising at least a casing, a
5 dehumidifzcatian element held in said casing; a heater which heats air
for regeneration of said dehumidification element; a heat exchanger for
exchanging heat between the air for regeneration after regenerating said
dehumidification element, which air is hot and htunid, and the air for
regeneration before being heated; andlor a heat exchanger for cooling the
hot and humid air for regeneration after regenerating 2 0 said
dehumidification element, or for further recovering heat therefrom, wherein
said heat exchangers) is(are) the heat exchanger according to any one of
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