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METHOD FOR EXTRACTING WATER FROM AIR,
AND DEVICE THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a method for
extracting water from the air and to an apparatus therefor.
More particularly, the present invention relates to a method
for extracting water from the air by which water may be
extracted from the air even without a supply of electricity
from a power source or even without a supply of fuel, and
to an apparatus therefor.

TECHNICAL FIELD

[0002] As an apparatus for extracting water from the air,
for example, the apparatus disclosed in Japanese Laid-open
Patent Application (Kokai) No. 54-127870 is known. With
this apparatus, moisture in the air is absorbed by an absorber
containing a moisture absorbent. Thereafter, the absorber is
heated by utilizing sunlight to desorb the moisture absorbed
by the absorber, then the desorbed moisture is condensed
and the resulting condensed water is taken out. With this
apparatus, although the regeneration of the absorber is
carried out utilizing solar heat, power is necessary for
operating a ventilator which causes air flow in the apparatus,
and for operating a flap which switches the passage through
which air passes. Thus, the apparatus does not operate using
solar heat alone.

[0003] With the apparatus for producing water disclosed
in Japanese Patent Publication (Kokoku) No. 62-21566, air
is made to pass through an absorbent packed in an absorp-
tion chamber divided into small chambers to thereby absorb
the moisture in the air by the absorbent. The absorption
chamber is intermittently rotated, and heated air is blown
into a prescribed small chamber to thereby desorb the
moisture absorbed by the absorbent. The desorbed moisture
is condensed and the resulting condensed water is taken out.
With this apparatus, power is necessary for operating a
blower for flowing the air, and an electric source is necessary
for heating a heater.

DISCLOSURE OF THE INVENTION

[0004] An object of the present invention is to provide a
method for extracting water from the air by which water may
be extracted from the air even without a supply of electricity
from a power source or even without a supply of fuel, as well
as an apparatus therefor.

[0005] The present inventors intensively studied to con-
ceive that water may be extracted from the air by wrilizing
a method in which moisture in the air is absorbed by a
rotatable moisture-absorbing rotor; heated air is supplied to
a region in the moisture-absorbing rotor which absorbed
moisture to thereby regenerate the moisture-absorbing rotor
and simultaneously desorb the moisture absorbed by the
moisture-absorbing rotor; and the desorbed moisture is
condensed to obtain condensed water; and that in this
method, not only the heating of the air for regeneration for
regenerating the moisture-absorbing rotor, but also the cir-
culation of the air for regeneration in the apparatus may also
be carried out by utilizing the solar heat, thereby completing
the present invention.

[0006] That is, the present invention provides a method for
extracting water from air using an apparatus comprising at
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least a rotatably mounted hygroscopic moisture-absorbing
rotor having at least one region through which air can pass
in the direction of thickness thereof; a passage for regen-
eration through which air for regeneration is circulated, of
which both ends are opened at the opposing two surfaces of
a regeneration region, respectively, the regeneration region
being a part of the moisture-absorbing rotor, at which the
moisture-absorbing rotor that absorbed moisture is regener-
ated; and a drain hole for taking out condensed water from
the passage for regeneration, which is formed at a lower
portion of the passage for regeneration; the method com-
prising the steps of directly and/or indirectly heating, with
sunlight, the air for regeneration to be supplied to the
regeneration region of the moisture-absorbing rotor, thereby
circulating the air for regeneration through the passage for
regeneration and regenerating the moisture-absorbing rotor;
cooling the air for regeneration after regenerating the mois-
ture-absorbing rotor to condense moisture therein; and col-
lecting the generated condensed water from the drain hole;
the moisture-absorbing rotor being rotated thereby changing
the part of the moisture-absorbing rotor, which serves as the
regeneration region. The present invention also provides an
apparatus for carrying out the method according to the
present invention, comprising at least a rotatably mounted
hygroscopic moisture-absorbing rotor having at least one
region through which air can pass in the direction of
thickness thereof; a passage for regeneration through which
air for regeneration is circulated, of which both ends are
opened at the opposing two surfaces of a regeneration
region, respectively, the regeneration region being a part of
the moisture-absorbing rotor, at which the moisture-absorb-
ing rotor that absorbed moisture is regenerated; and a drain
hole for taking out condensed water from the passage for
regeneration, which is formed at a lower portion of the
passage for regeneration.

[0007] By the present invention, a method by which water
may be extracted from the air even without a supply of
electricity from a power source or even without a supply of
fuel, as well as an apparatus therefor, was provided. By the
method and apparatus according to the present invention,
water may be extracted from the air using the sunlight alone,
so that almost no running costs are necessary and water may
be obtained inexpensively. Thus, the present invention is
advantageous for tree planting in deserts at which supply of
electricity is difficult, and for producing water to be supplied
to plants in gardens and balconies at which wirings for
electric power transmission or piping for running water is
inconvenient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a partially cut away perspective view
schematically showing a preferred embodiment of the appa-
ratus according to the present invention.

[0009] FIG. 2 is a drawing for explaining the principle by
which the air for regeneration circulates in a passage for
regeneration 16 as shown therein by irradiating the sunlight-
irradiation portion alone with sunlight.

[0010] FIG. 3 is a cross-sectional end view schematically
showing a preferred embodiment of a structure by which
condensed water may be collected without allowing air flow.
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[0011] FIG. 4 is a cross-sectional end view schematically
showing another preferred embodiment of a structure by
which condensed water may be collected without allowing
air flow.

[0012] FIG. 5 is a cross-sectional end view schematically
showing still another preferred embodiment of a structure by
which condensed water may be collected without allowing
air flow.

[0013] FIG. 6 is a cross-sectional end view schematically
showing still another preferred embodiment of a structure by
which condensed water may be collected without allowing
air flow.

[0014] FIG. 7 is a cross-sectional end view of a preferred
embodiment of a heater 26.

[0015] FIG. 8 is a partially cut away perspective view
showing a second preferred embodiment of the apparatus
according to the present invention.

[0016] FIG. 9 is an exploded view of a passage for
regeneration of the second embodiment.

[0017] FIG. 10 is a side cross-sectional view of the second
embodiment.

[0018] FIG. 11 shows a cooling means, when viewed from
the left, arranged in the passage for regeneration in the
second embodiment.

[0019] FIG. 12 is a front view mainly showing the heating
means and the moisture-absorbing rotor in the second
embodiment.

[0020] FIG. 13 is a front view of the cooling means in the
second embodiment.

[0021] FIG. 14 is an enlarged cross-sectional end view of
the connection portion between a hygroscopic material
region and the passage for regeneration.

[0022] FIG. 151is a partially cut away perspective view for
explaining a cam mechanism in the second embodiment.

[0023] FIG. 16 is a partially cut away perspective view
showing the vicinity of the hygroscopic material region 104
in FIG. 15.

[0024] FIG. 17 is a partially cut away perspective view for
explaining another mode of the cam mechanism in the
second embodiment.

[0025] FIG. 18 is a partially cut away perspective view
showing the vicinity of the hygroscopic material region 104
in FIG. 17.

[0026] FIG. 19 schematically shows the passage for regen-
eration in the second embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0027] The method and apparatus according to the present
invention will now be described referring to the drawings.
FIG. 11is a partially cut away perspective view schematically
showing a preferred embodiment of the apparatus according
to the present invention. The apparatus (hereinafter referred
1o as “water extraction apparatus™) for the method of extract-
ing water from the air according to the present invention
comprises a moisture-absorbing rotor 10. The moisture-
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absorbing rotor 10 is rotatably mounted and hygroscopic,
through which air can pass through in the direction of
thickness thereof. Although the moisture-absorbing rotor 10
is in the form of disk in the preferred embodiment shown in
FIG. 1, the moisture-absorbing rotor 10 is not necessarily in
the form of a disk. In FIG. 1, a part of the moisture-
absorbing rotor 10 is cut away in order to show the structure
mounting the moisture-absorbing rotor more comprehen-
sively. The moisture-absorbing rotor 10 may be formed of a
porous hygroscopic material. Alternatively, the moisture-
absorbing rotor 10 may have a number of thin passages in
the direction of thickness thereof, that is, for example, may
have a honeycomb or corrugated structure (e.g., the structure
similar to that obtained by convoluting a corrugated card-
board), the surfaces of the passages being coated with a
hygroscopic material. Still alternatively, the moisture-ab-
sorbing rotor 10 may be one obtained by holding moisture
absorbent particles in a container made of a mesh or punched
metal. Thus, any structure through which air can pass
through in the direction of thickness thereof and which is
hygroscopic may be employed. Examples of the hygro-
scopic materials include calcium chloride, lithium chloride,
silica gel, zeolite, molecular sieves and active carbon. The
moisture-absorbing rotor which absorbs moisture in the air
is well-known in the field of dehumidifiers, and a moisture-
absorbing rotor widely used in the dehumidifiers of the
moisture-absorbing rotor type may preferably be employed.
The moisture-absorbing rotor 10 is mounted on a rotating
shaft 12 and may be rotatable in one direction or in both
directions. In the present specification the term “rotatable”
includes “rotatable in one direction” and “rotatable in both
directions”. The rotating shaft 12 preferably extends in a
direction other than vertical direction, as shown in the
drawing. The rotating shaft 12 preferably extends in a
direction shifted by about 40 to 90 degrees from the vertical
direction, that is, preferably extends in an oblique direction
or horizontal direction. If the rotating shaft 12 extends in
such a direction, the rotating shaft 12 spontaneously rotates
due to the weight of the moisture absorbed by the moisture-
absorbing rotor 10 without requiring a separate powet,
which is preferred. That is, the moisture-absorbing rotor 10
spontaneously rotates due to the difference in weight of the
regeneration region and the region other than the regenera-
tion region. It should be noted, however, the moisture-
absorbing rotor 10 may be rotated by a motor driven by a
solar battery. In this case, the rotating shaft 12 may extend
in the vertical direction. In the embodiment shown in FIG.
1, the moisture-absorbing rotor 10 is placed in a moisture-
absorbing rotor holder 14 comprising a pair of wheel-like
skeletons whose centers are coincident with the rotating
shaft 12.

[0028] With the apparatus according to the present inven-
tion, air for moisture absorption containing moisture is made
to pass through a partial region (moisture absorption region)
of the moisture-absorbing rotor 10 so as to make the
moisture-absorbing rotor 10 absorb the moisture contained
in the air for moisture absorption. Since the “air for moisture
absorption” is the air used for making the moisture-absorb-
ing rotor 10 absorb moisture, the air is called in this way in
the present Description. Heated air is made to pass through
a region which absorbed the moisture in the air for moisture
absorption so that its moisture-absorbing ability was
decreased or lost to thereby receive moisture from the
region, thereby regenerating the moisture-absorbing rotor
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10. The region in the moisture-absorbing rotor, through
which the heated air is made to pass is called “regeneration
region” in the present Description. The apparatus according
1o the present invention comprises a passage for regenera-
tion 16 through which air for regeneration is circulated, of
which both ends are opened at the opposing two surfaces of
a regeneration region, respectively. In the embodiment
shown in the drawing, the two opening sections 16a and 1654
which open at the moisture-absorbing rotor 10 are funnel-
shaped such that the diameter of a site in the opening section
increases as the site is closer to the moisture-absorbing rotor
10. Enlarging the opening section in the funnel-shape is
advantageous because a larger region of the moisture-ab-
sorbing rotor 10 may be regenerated. However, such an
enlarged opening section is not indispensable, and the diam-
eter of the entire passage for regeneration 16 may be made
large as such. The portions other than the opening sections
16a and 165 of the passage for regeneration 16 are prefer-
ably closed air-tightly as shown in the drawing.

[0029] At a lower portion of the passage for regeneration
16, a drain hole 18 is formed, from which the condensed
water is taken out of the passage for regeneration. The drain
hole 18 preferably has a structure by which the condensed
water may be collected without allowing air flow. Such a
structure will be later described in detail.

[0030] In the preferred embodiment shown in FIG. 1, a
heat exchanger 20 is arranged in the passage for regenera-
tion 16. The heat exchanger 20 comprises a number of pipes
20a through which the air for regeneration passes. As will be
described later, the air for regeneration is cooled during the
passing through the pipes 20a by exchanging heat with the
air for moisture absorption flowing the space among the
number of pipes 20a (the passage constituted by the space
among the number of pipes 20a will also be hereinafter
referred to as “cooling passage”). To harbor a number of the
pipes 20a, the heat exchanger 20 preferably has a diameter
larger than that of the passage for regeneration 16. In this
case, the portions of the passage for regeneration 16 con-
nected to the both ends of the heat exchanger 20, respec-
tively, are enlarged in the form of funnel-shape as shown in
the drawings. In FIG. 1, a part of the passage for regenera-
tion 16 connected to the upper face of the heat exchanger 20
is partially cut away such that the end faces of the pipes 204
are shown. Although arranging the heat exchanger 20 is
preferred because the efficiency of extraction of water (here-
inafter referred to as “water extraction efficiency”) is
increased, the heat exchanger 20 is not indispensable
because the air for regeneration is cooled during it passes
through the passage for regeneration 16.

[0031] The embodiment shown in the drawing further
comprises a passage 22 for supplying air for moisture
absorption, whose one end opens at an air for moisture
absorption-supplying surface of a moisture absorption
region; and a passage 24 for discharging air for moisture
absorption, whose one end opens at an air for moisture
absorption-discharging surface from which the dehumidified
air after passing through the moisture absorption region is
discharged. The passage 22 for supplying air for moisture
absorption is a wide passage whose one end opens at an air
for moisture absorption-supplying surface of a moisture
absorption region, to which the air for moisture absorption
is supplied, and whose other end opens at a side of the heat
exchanger 20. In FIG. 1, the upper edge of the passage 22
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for supplying air for moisture absorption is indicated by a
two-dot chain. The moisture absorption region of the mois-
ture-absorbing rotor 10 is preferably the entire region other
than the above-described regeneration region (excluding,
however, a sealing region formed between the both regions
for preventing the air for moisture absorption and the air for
regeneration from being mixed (cross-sectional area of the
clearance*length of the clearance) for the purpose of
increasing the water extraction efficiency. On the other hand,
the passage 24 for discharging air for moisture absorption is
a passage whose one end opens at an air for moisture
absorption-discharging surface from which the dehumidified
air after passing through the moisture absorption region is
discharged, and whose other end opens at the outside of the
apparatus as an air outlet. The end of the passage 24 for
discharging air for moisture absorption of the side of the
moisture-absorbing rotor is enlarged in the funnel-shape as
shown in the drawing because the area of the moisture
absorption region is large. The periphery of the enlarged
portion of the passage 24 for discharging air for moisture
absorption is indicated by a two-dot chain. Since the mois-
ture-absorbing rotor 10 is hygroscopic, the moisture-absorb-
ing rotor 10 can absorb moisture from the ambient air and
water may be extracted thereby, the passage 22 for supplying
air for moisture absorption and the passage 24 for discharg-
ing air for moisture absorption are not indispensable (In the
description below, the passage 22 for supplying air for
moisture absorption and the passage 24 for discharging air
for moisture absorption are also collectively referred as
simply “passage for moisture absorption”).

[0032] To an upper part of the passage 24 for discharging
air for moisture absorption, a heater 26 is connected. The
heater 26 comprises a heat accumulator section 264 having
a light-receiving surface 27 which receives sunlight; a heat
medium (not shown) which accumulates and transmits heat
from sunlight; and a heat-supplying section 265 which
supplies the heat of the heat medium to the air for regen-
eration. In the embodiment shown in the drawing, the
heat-supplying section 260 encloses the outer side of a part
of the passage 24 for discharging air for moisture absorption.
The light-receiving surface 27 is preferably arranged in the
direction such that the sunlight impinges on the light-
receiving surface 27 in a direction as close as possible to the
direction perpendicular to the light-receiving surface 27.
Therefore, as shown in FIG. 1, light-receiving surface 27 is
usually arranged obliquely and not horizontally. The struc-
ture of the heater 26 will be described later in detail.

[0033] The above-described structure is preferably
enclosed in a housing not shown in order to protect the
apparatus from outer force exerted thereto during transpor-
tation or installation.

[0034] The operation of the above-described water extrac-
tion apparatus will now be described. The regeneration
region of the moisture-absorbing rotor 10 and the vicinity
thereof, that is, the opening sections 16a and 165 of the
passage for regeneration 16 and the upper and lower por-
tions close to these opening sections, as well as the light-
receiving surface formed on the upper surface of the heat
accumulator section 264 of the heater 26 are irradiated with
sunlight. In FIG. 1, the sunlight is indicated by solid line
arrows. This may easily be accomplished by installing the
apparatus such that the above-described portions to be
irradiated with the sunlight (hereinafter referred to as “sun-
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light irradiation portions” for convenience”) face the sun-
light. Since it is preferred that the portions other than the
sunlight irradiation portions be not heated by the solar heat,
only the portions of the housing, which cover the sunlight
irradiation portions alone may be formed of a transparent
material, or the sunlight irradiation portions may be exposed
to the outside of the housing. By the solar heat, in the
passage for regeneration 16, the side (left front side in FIG.
1) on which the sunlight impinges is heated. As a result, the
air for regeneration circulates in the passage for regeneration
16 in the direction indicated by the broken arrows. The
principle by which the circulation occurs will be described
later.

[0035] On the other hand, the heat medium in the heater 26
is heated by the sunlight impinging on the light-receiving
surface on the heat accumulator section 264 of the heater 26,
and the heated medium moves to the heat-supplying section
26b, thereby the air for moisture absorption contacting the
heat-supplying section 265 through the passage 24 for
discharging air for moisture absorption is heated. As a result,
the heated air for moisture absorption rises due to buoyancy
and fresh air for moisture absorption is inhaled from the
opening section of the side of the heat exchanger 20 in the
passage 22 for supplying air for moisture absorption.

[0036] During the air for moisture absorption (hollow
arrows) passes through the moisture absorption region of the
moisture-absorbing rotor 10, the moisture contained in the
air for moisture absorption is absorbed by the moisture-
absorbing rotor 10. Due to the moisture absorption, the
weight of the moisture absorption region is increased so that
the moisture-absorbing rotor 10 is rotated about the rotating
shaft 12 by gravity. By this, the portion of the moisture-
absorbing rotor which was the moisture absorption region so
far is changed to the regeneration region by the rotation. Air
for regeneration heated by the solar heat is supplied to the
regeneration region of the moisture-absorbing rotor 10 from
the enlarged opening section 164, and passes through the
moisture-absorbing rotor 10 in the direction of thickness
thereof. During this, the moisture absorbed by the moisture-
absorbing rotor 10 is desorbed from the moisture-absorbing
rotor 10 by the air for regeneration heated by the solar heat,
so that the regeneration region of the moisture-absorbing
rotor 10 is regenerated. Simultaneously, the air for regen-
eration containing the moisture obtained from the moisture-
absorbing rotor 10 moves in the passage for regeneration 16
through the enlarged opening section 164 to reach the heat
exchanger 20. The air for regeneration passes through the
heat exchanger 20 by dividedly passing through the number
of pipes 20a. During the passing through the pipes 20a, the
air for regeneration exchange heat with the air for moisture
absorption inhaled into the passage 22 for supplying air for
moisture absorption, so that it is cooled and condensed. The
condensed water is discharged from the drain hole 18. By
collecting the discharged condensed water, water may be
obtained.

[0037] The principle by which the air for regeneration
circulates in the passage for regeneration 16 as shown in the
drawing by irradiating the sunlight irradiation portions alone
with sunlight will now be described referring to FIG. 2. In
FIG. 2, the passage for regeneration 16 is schematically
shown in the form of a race track, and the center is indicated
by the dashed line in the center. “A” shows the state before
operating the apparatus, and the air for regeneration is
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indicated by hatching the passage for regeneration 16. In the
state before heating, the temperature of the air for regen-
eration in the passage for regeneration 16 is uniform. The
apparatus is operated in the state of “A”. That is, the left half
portion (in the left of the center line) of the passage for
regeneration 16 is irradiated with sunlight to start the heating
by the solar heat. By so doing, the air for regeneration in the
left half portion of the regeneration region 16 is heated and
its temperature is raised. This state is shown in “B”. In “B”,
the heated air for regeneration is shown without hatching,
and the relatively cool air for regeneration located in the
right half portion of the passage for regeneration 16 is shown
by the reticulate hatching. Since the left half portion of the
regeneration region 16 alone is heated by the solar heat, the
temperature of the air for regeneration in the left half portion
of the passage for regeneration 16 alone is raised, and the
temperature of the air for regeneration in the right half
portion is relatively low. The density of the hot air is
decreased due to expansion, and the density of the relatively
cool air is larger than that of the hot air. Therefore, since the
cold air is heavier than the hot air when the volumes are the
same, the cold air comes to the lower side. This state is
shown in “C”. As shown in “C”, the cold air moves to the
lower half of the passage for regeneration 16. On the other
hand, the hot air moves to the upper half of the passage for
regeneration 16 by being pushed by the cold air. Thus, from
the state shown in “B”, the air for regeneration as a whole
is rotated by 90 degrees in the clockwise direction. In this
state, by heating the left half portion of the passage for
regeneration 16, the state shown in “B”, that is, the left half
of the passage for regeneration 16 is hot and the right half
is relatively cold, again arises. By this, the cold air in the
right half portion moves to the lower side by gravity and the
state shown in “C” again arises. That is, the air for regen-
eration rotates further by 90 degrees in the clockwise
direction. Thereafter, the states shown in “B” and “C”
reciprocates, so that the air for regeneration circulates in the
passage for regeneration 16 in the clockwise direction. In the
embodiment shown in FIG. 1, once the circulation starts, the
air for regeneration in the right half of the passage for
regeneration 16 is cooled by the heat exchanger 20, the air
for regeneration circulates more effectively. The principle of
this circulation was originally discovered by the present
inventors, and the fact that the circulation continues has been
experimentally confirmed. Since this principle of circulation
was discovered according to the present invention, it was
first made it possible to extract water from the air without
using any power. Since this principle of circulation was not
known, in the conventional water extraction apparatus,
power is used at least for the circulation of the air for
regeneration. It should be noted that although the step (B) in
which the temperature changes and the step (C) in which the
air moves are separately shown for the purpose of easier
comprehension, the state “B” and the state “C” occur
continuously and slowly in the actual operation.

[0038] Preferred mode of each constituent of the above-
described apparatus according to the present invention will
now be described more concretely. First, the drain hole 18
formed at a lower portion of the passage for regeneration 16
is described. As described above, the drain hole 18 prefer-
ably has a structure by which the condensed water may be
collected without allowing air flow. By employing such a
structure, the mixing of the air for regeneration and the air
for moisture absorption in the vicinity of the regeneration



US 2007/0220843 Al

region and the moisture absorption region in the moisture-
absorbing rotor 10 may be inhibited.

[0039] A preferred embodiment of the structure by which
the condensed water may be collected without allowing air
flow is shown in FIG. 3. FIG. 3 is a cross-sectional end view
of the vicinity of the drain hole 18 formed at a lower portion
of the passage for regeneration 16. The passage for regen-
eration 16 is branched at its lower portion to form a drain
duct 28. The tip of the drain duct 28 is tapered. In the tapered
tip of the drain duct 28, a float 30 having a density smaller
than water is arranged. The diameter of the float 30 is larger
than the diameter of the drain hole 18 at the tip of the drain
duct 28, so that the float 30 does not fall from the drain hole
18. In the state wherein no or almost no condensed water has
been accumulated, the drain hole 18 is air-tightly clogged
with the float 30, so that the air does not flow through the
drain hole 18. Although the condensed water which was
condensed in the passage for regeneration 16 or the heat
exchanger 20 comes into the drain duct 28, the condensed
water is not discharged to the outside because the bottom
portion of the drain duct 28 is clogged by the float 30, so that
the condensed water starts to be accumulated on the contact
portion between the float 30 and the drain duct 28. When a
prescribed amount of the condensed water accumulates, the
float 30 starts to float due to buoyancy. When the condensed
water further flows into the drain duct 28, the surface tension
between the float 30 and the drain duct 28 is broken, so that
the condensed water is discharged to the outside through the
drain hole 18. After the condensed water is thus discharged
to the outside, the surface tension restores, and the drain hole
18 is clogged by the water film between the drain hole 18
and the float 30. With this structure, the drain hole 18 is
always clogged with the float 30, so that the condensed
water may be collected without allowing air flow.

[0040] Another preferred embodiment of the structure by
which the condensed water may be collected without allow-
ing air flow is shown in FIG. 4. FIG. 4 is a cross-sectional
end view of the vicinity of the drain hole 18 formed at a
lower portion of the passage for regeneration 16. The
passage for regeneration 16 is branched at its lower portion
to form a drain duct 28, and the tip of the drain duct 28 is
tapered. Under the tapered tip of the drain duct 28, a
condensed water-receiving vessel 32 is arranged. The con-
densed water-receiving vessel 32 has a depth such that the
drain hole 18 is submerged in the condensed water 34 when
the condensed water 34 is accumulated therein, and is
arranged in such a position. In other words, the top portion
of the wall 324 of the condensed water-receiving vessel 32
is higher than the drain hole 18. With this structure, when the
condensed water accumulates in the condensed water-re-
ceiving vessel 32 through the drain hole 18, the drain hole
18 becomes submerged in the condensed water 34. Under
this condition, air flow through the drain hole 18 does not
occur. When the condensed water 34 further accumulates,
the condensed water 34 starts to overflow from the top
portion of the condensed water-receiving vessel 32 as indi-
cated by the arrows in FIG. 4. By collecting the overflown
water, water may be extracted from the air. With this
structure, after the drain hole 18 is once submerged in the
condensed water 34, the air flow through the drain hole 18
does not occur at all, so that the condensed water may be
collected without allowing air flow.
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[0041] Another preferred embodiment of the structure by
which the condensed water may be collected without allow-
ing air flow is shown in FIG. 5. FIG. 5 is a cross-sectional
end view of the vicinity of the drain hole 18 formed at a
lower portion of the passage for regeneration 16. The
passage for regeneration 16 is branched at its lower portion
to form a drain duct 28, and the tip of the drain duct 28 is
tapered. The tip of the drain duct 28 is very thin, so that the
diameter of the drain hole 18 is very small. In this case, the
diameter of the drain hole 18 is preferably about 1 mm to 4
mm. With this structure, even if condensed water reaches the
drain hole 18 through the drain duct 28, since the diameter
of the drain hole 18 is small, the condensed water does not
fall immediately from the drain hole 18 because of the
surface tension, and accumulates in the upper space of the
drain hole 18, thereby the drain hole 18 is clogged air-
tightly. When the amount of the condensed water in the
upper space of the drain hole 18 is further increased so that
the downward pressure is increased, the pressure overcomes
the surface tension so that the condensed water is discharged
from the drain hole 18. However, after a certain amount of
the condensed water is discharged, the discharge is stopped
again due to the surface tension of the water at the drain hole
18. Thus, after the drain hole 18 is once clogged with the
condensed water, the drain hole 18 is continuously clogged
air-tightly by the surface tension of the condensed water, so
that the air flow is inhibited. Thus, the condensed water may
be collected without allowing air flow.

[0042] Another preferred embodiment of the structure by
which the condensed water may be collected without allow-
ing air flow is shown in FIG. 6. FIG. 6 is a cross-sectional
end view of the vicinity of the drain hole 18 formed at a
lower portion of the passage for regeneration 16. The
passage for regeneration 16 is branched at its lower portion
to form a drain duct 28, and the tip of the drain duct 28 is
enlarged to form a tank 36 having a bottom. From the bottom
portion of the tank 36, a reversed U-shaped siphon 38
extends to the outside of the tank 36. The top portion of the
siphon 38 is lower than the top portion of the tank 36. The
condensed water after passing through the drain duct 28 first
accumulates in the tank 36. When the level of the condensed
water rose to a position higher than the top portion of the
siphon 38, the condensed water is discharged from the drain
hole 18 through the siphon 38. With this structure, the end
of the siphon 38 located in the tank 36 is always submerged
in the condensed water accumulated in the concaved portion
in the bottom of the tank 36, so that the air flow through the
drain hole 18 is inhibited. Therefore, the condensed water
may be collected without allowing air flow.

[0043] A preferred structure of the above-described heater
26 will now be described in detail referring to FIG. 7. FIG.
7 1s a cross-sectional end view of a preferred embodiment of
the heater 26. In FIG. 7, to show the structure more clearly,
the heat accumulator section 26a, and an upper connecting
duct 48 and a lower connecting duct 50 described below are
sectioned such that the light-receiving surface is cut away in
parallel with the light-receiving surface of the heat accumu-
lator section 264, and the passage 24 for discharging air for
moisture absorption and the heat-supplying section 265 are
cut away along the vertical cutting plane. As described
above, the heater 26 comprises the heat accumulator section
26a having the light-receiving surface 27 (see FIG. 1. In
FIG. 7. the light-receiving surface is located in front of a
heat-accumulating vessel 42 (described below) (i.e., the side
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three-dimensionally protruding from the paper of the draw-
ing); a heat medium which accumulates and transmits the
solar heat; and the heat-supplying section 265 which sup-
plies the heat of the heat medium to the air for regeneration.
The light-receiving surface is formed of a transparent or
black glass or plastic. In the former case, the heat medium
or the plate opposite to the light-receiving surface is pref-
erably black. The outer surface other than the light-receiving
surface is covered with a heat-insulating material 44 (not
shown in FIG. 1). The heat accumulator section 26a com-
prises a heat-accumulating vessel 42. The heat-supplying
section 26 comprises a heat-radiating vessel 46 enclosing a
part or the entire outer periphery of the passage 24 for
discharging air for moisture absorption. The heat accumu-
lator section 26a and the heat-supplying section 264 are
connected through two ducts, that is, an upper connecting
duct 48 and a lower connecting duct 50. It should be noted
that the light-receiving surface may be formed on both the
upper surface and the lateral surface of the heat-accumulat-
ing vessel 42. Although the heat medium is not indicated by
hatching or the like for the purpose of clarity, heat medium
is filled in the entire of the heat-accumulating vessel 42,
heat-radiating vessel 46, the upper connecting duct 48 and
the lower connecting duct 50. As the heat medium, water is
preferred. Depending on the district where the apparatus is
installed, an antifreeze treatment is necessary.

[0044] The heat medium located at the upper portion of
the heat-accumulating vessel 42 is heated by the sunlight
impinging on the light-receiving surface 27. The heat is
transmitted to the upper portion of the heat-radiating vessel
46. The heat in the upper portion of the heat-radiating vessel
46 is radiated to the passage 24 for discharging air for
moisture absorption, so that the air for moisture absorption
in the passage 24 for discharging air for moisture absorption
is heated. On the other hand, the heat medium which
radiated the heat to the passage 24 for discharging air for
moisture absorption is cooled and moves downwardly in the
heat-radiating vessel 46 due to convection. Since the heat
medium radiates heat to the heat-radiating vessel 46 during
the move, the temperature of the heat medium decreases as
it goes down. On the other hand, heated medium is freshly
supplemented to the upper portion of the heat-radiating
vessel 46 through the upper connecting duct 48. Therefore,
the flow of the heat medium indicated by the arrows in FIG.
7 occurs, and the heat medium circulates in the heat-
accumulating vessel 42, upper connecting duct 48, heat-
radiating vessel 46 and the lower connecting duct 50 in the
order mentioned. By this, the heat medium heated at the heat
accumulator section 26a moves to the heat-supplying sec-
tion 265, so that the passage 24 for discharging air for
moisture absorption and, in turn, the air for moisture absorp-
tion flowing therein are heated. The heat medium which
radiated the heat again circulates into the heat accumulator
section 26a where it is heated, and moves again to the
heat-supplying section 265 where it radiates heat. Thus, the
air for moisture absorption flowing in the passage 24 for
discharging air for moisture absorption is continuously
heated. Thus, the portion of the passage 24 for discharging
air for moisture absorption upper than the heat-supplying
section 265 is preferably insulated because the given heat
does not escape to the outside (not shown in FIGS. 1 and 7).

[0045] Various preferred modifications of the water
extraction apparatus according to the present invention will
now be described.
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[0046] To increase the heating efficiency of the portions of
the passage for regeneration 16, the surfaces of the enlarged
opening section 164, the portion of the passage for regen-
eration 16 immediately therebelow, the regeneration region
of the moisture-absorbing rotor 10, the enlarged opening 165
and the portion of the passage for regeneration 16 immedi-
ately thereabove may be made black to promote the absorp-
tion of the solar heat. In cases where the regeneration region
of the moisture-absorbing rotor 10 is made black, it is
preferred to make the opening section 165 transparent. In
this case, a member through which air can pass through,
such as mesh, punched metal, slit or the like, may be placed
immediately above the regeneration region, and/or the mois-
ture-absorbing rotor 10 may be made black and the enlarged
portion of the passage 24 for discharging air for moisture
absorption may be made to be a member which blocks the
solar heat. Alternatively, the portion of the passage to be
heated may be made transparent and a black pipe or plate
may be placed therein. The portions not heated by the
sunlight, in the opening sections 16a and 16, the portions
of the passage for regeneration 16, which portions are
adjacent to the opening sections 16a and 165, and extend in
the upper and lower direction, and the horizontal upper
portion of the passage for regeneration 16 are preferably
heat-insulated. An intermediate portion of the passage may
be made into the form of a panel so as to increase the surface
area which receives the solar heat. In the embodiment shown
in FIG. 1, the heater 26 used for heating the passage 24 for
discharging air for moisture absorption may be arranged in
the passage for regeneration 16 (in this case, the air for
regeneration is also indirectly heated by the sunlight). That
is, it is preferred to arrange the heater in both the passage 24
for discharging air for moisture absorption and in the pas-
sage for regeneration 16. In cases where the heater 26 is
arranged in the passage for regeneration 16, the heater 26 is
preferably arranged in the opening section 164 or the portion
of the passage for regeneration 16 immediately therebelow.
Alternatively, in order to prevent the moisture in the air for
regeneration with high humidity after the regeneration from
being condensed in the upper space of the moisture-absorb-
ing rotor 10 so as to drop on the moisture-absorbing rotor 10,
the heater 26 may be arranged in the opening section 165 or
in the portion of the passage for regeneration 16 immedi-
ately thereabove.

[0047] In the above-described embodiment, the heat-sup-
plying section 265 of the heater 26 encloses the outer side of
a duct (passage 24 for discharging air for moisture absorp-
tion in the embodiment shown in FIG. 1), the heat-supplying
section 265 may be arranged within the duct. By so doing,
the heating efficiency is further increased. In this case, the
upper connecting duct 48 and the lower connecting duct 50
may be made such that they penetrate the wall of the duct.
Further, as shown in the embodiment shown in FIG. 7, in
cases where the heat-radiating vessel 46 encloses the outer
side of a duct, the duct may be provided with irregularities
or with fins thereby increasing the surface area of the duct
in order to increase the efficiency of the radiation of heat to
the duct. Further, protrusion(s) made of a material having a
high heat conductivity or hollow protrusion(s) in which heat
medium is passed through may be protruded from the
heat-radiating vessel 46 and the protrusion(s) may be
inserted into the duct.

[0048] The heat accumulator section 26a may be fixed or
may be capable of facing the sun manually or automatically.
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Since the cooling efficiency is high in the night, the solar
heat during the day may be accumulated in a heat accumu-
lator, and water may be extracted in the night. For this, a
countermeasure(s) such that the heat-accumulating vessel 42
1s made large, a plurality of the heat-accumulating vessels 42
having the light-receiving surface 27 are arranged, or the
like may be taken.

[0049] A second preferred embodiment will now be
described referring to the drawings. The second embodiment
has the following features:

[0050] (1) Since the passage for regeneration is air-tightly
connected to the regeneration region so that the regen-
eration region and the moisture absorption region are
completely separated, the efficiency of water extraction is
further increased.

[0051] (2) The embodiment comprises a heat exchanger
for heat recovery, which exchanges heat between the air
for regeneration immediately after passing through the
moisture-absorbing rotor and the air for regeneration after
condensation, so that the heat utilization efficiency and, in
turn, the efliciency of water extraction are further
increased.

[0052] (3) The embodiment comprises a heater which
receives sunlight and heats the air for regeneration before
passing through the regeneration region, by which the
temperature of the air for regeneration passing through the
regeneration region is raised, so that the efficiency of the
regeneration of the regeneration region (i.e., extraction of
moisture from the regeneration region) and, in turn, the
efficiency of water extraction are increased.

[0053] (4) The embodiment comprises a heating means
which heats the air for regeneration before passing
through the regeneration region utilizing the high air
temperature during the day, by which the temperature of
the air for regeneration passing through the regeneration
region is raised, so that the efliciency of the regeneration
of the regeneration region (i.e., extraction of moisture
from the regeneration region) and, in turn, the efliciency
of water extraction are increased.

[0054] (5) The embodiment comprises a heat exchanger
for cooling which exchange heat between the air for
regeneration after passing through the regeneration region
and after passing the heat exchanger for heat recovery and
the outer atmosphere, by which condensation of the
moisture in the air for regeneration is promoted, so that
the efficiency of water extraction is increased.

[0055] (6) The embodiment comprises a cooling means
which cools the air for regeneration after passing through
the heat exchanger for cooling, by which the condensation
of the moisture in the air for regeneration is further
promoted, so that the efficiency of water extraction is
increased.

[0056] Although the second embodiment is an extremely
preferred embodiment which comprises all of the above
features (1) to (6), and with which the water extraction
efficiency is largely increased, since each of the features (1)
to (6) respectively exhibits the effect for increasing the
efficiency of water extraction, embodiments comprising
optional one or more features (1) to (6) are also preferred
embodiments.
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[0057] In the description below, the term “front side”
means the direction of the lower heater 58 when viewed
from the moisture-absorbing rotor 10, the term “rear side”
means the direction opposite thereto, the term “right side”
means the side in which hygroscopic material regions 105
and 10c¢ are positioned when the moisture-absorbing rotor 10
is viewed from the front side, and the term “left side” means
the side opposite thereto, that is, the side in which hygro-
scopic material regions 10a and 104 are positioned when the
moisture-absorbing rotor 10 is viewed from the front side.

[0058] FIG. 8 is a partially cut away perspective view of
the second embodiment. FIG. 9 is an exploded view of the
passage for regeneration in the second embodiment. FIG. 10
is a side sectional view of the second embodiment. The
summary of the second embodiment is first described mainly
referring to these drawings, and then the details of each
constituent will be described referring also to other drawings
of FIG. 11 and the drawings thereafter. In FIG. 8 and the
drawings thereafter, each constituting member correspond-
ing to the constituting member of the first embodiment
shown in FIGS. 1 to 7 is denoted by the same reference
numeral as in FIGS. 1 to 7.

[0059] The water extraction apparatus according to the
second embodiment comprises a moisture-absorbing rotor
10. In the moisture-absorbing rotor 10, the regions (herein-
after referred to as “hygroscopic material regions” for con-
venience) made of a hygroscopic material through which air
can pass through in the direction of thickness thereof are the
four circular regions denoted by reference numerals 10q,
105, 10¢ and 10d, respectively. That is, the four circular
regions denoted by reference numerals 10a, 105, 10¢ and
104 alone are made of a hygroscopic material and other
portion of the moisture-absorbing rotor 10 is a simple plate.
In other words, the moisture-absorbing rotor 10 has four
circular through holes, and four hygroscopic material
regions are arranged in the through holes, respectively. The
four hygroscopic material regions have the same size and the
centers thereof are arranged on a circle whose center is
coincident with the rotating shaft 12 at regular intervals. The
number of the hygroscopic material regions may be about 2
to 8, and may, for example, also be fan-shaped or the like
and not circular. In the second embodiment shown in the
drawings, there is a clearance (hygroscopic material outer
periphery passage 72, details thereof will be described later)
between the outer periphery of each circular hygroscopic
material region and the inner periphery of each through hole
mentioned above. Through this hygroscopic material outer
periphery passage 72, the air for regeneration passes (the
circulation route of the air for regeneration will be described
later in detail). Each hygroscopic material is suspended
within each through hole described above by four hygro-
scopic material-holding plates 75 (FIG. 12). FIG. 8 shows
the state wherein the hygroscopic material region 104
among the four hygroscopic material regions is connected to
the passage for regeneration 16 and is being regenerated.
The front side of the hygroscopic material region 104 is
air-tightly connected to the end face of a heating section 16¢
constituting a part of the passage for regeneration 16. The
heating section 16¢ of the passage for regeneration 16 is in
the form of a double duct whose cross-section is concentric,
the inner duct being connected to the hygroscopic material
region 104 and the outer duct whose cross-section is annular
is connected to the above-described hygroscopic material
outer periphery passage 72. The rear surface of the hygro-
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scopic material region 10d is air-tightly connected to the
vicinity of a heat exchanger for heat recovery 54. In the state
shown in FIG. 8, the hygroscopic material region 104 is
air-tightly incorporated into the passage for regeneration 16
and is regenerated. However, when the hygroscopic material
regions 105 and 10c which are absorbing moisture become
heavier due to the absorption of the moisture, the moisture-
absorbing rotor 10 is rotated and the hygroscopic material
region 10c moves to the position of the hygroscopic material
region 104 shown in FIG. 8, where the hygroscopic material
region 10¢ is air-tightly connected to the passage for regen-
eration 16 and is regenerated. The cycle of air-tight connec-
tion between the hygroscopic material region and the pas-
sage for regeneration 16—rotation of the moisture-
absorbing rotor 10 and release of the air-tight connection—
air-tight connection between the next hygroscopic material
region and the passage for regeneration 16, is repeated. This
1s attained by moving back and forth the connection portion
of the passage for regeneration, connected to the hygro-
scopic material region by a cam mechanism utilizing the
rotating force of the moisture-absorbing rotor 10. This cam
mechanism, the air-tight connection and release thereof will
be later described in detail. The reason why the heating
section 16¢ has the double duct structure is to increase the
heat efficiency. More particularly, the temperature of the air
for regeneration flowing through the outer duct is higher
than that of the ambient air because of passing through the
heat exchanger for heat recovery 54. However, since the air
for regeneration flowing through the inner duct is hotter, the
heat leaked from the inner duct is recovered by the outer
duct by enclosing the inner duct with the outer duct. By this,
the temperature of the air for regeneration flowing in the
outer duct is further increased, so that the loss of heat from
the air for regeneration may be made smaller when com-
pared with the case wherein the inner duct is directly
exposed. The inner duct itself has also a double duct
structure whose cross-section is concentric, and both ends of
this inner duct in the inner duct opens, and the end of the side
of the moisture-absorbing rotor alone of the outer duct
whose cross-section is amnular is closed, so that heat-
insulation effect by the air layer is obtained.

[0060] In the heating section 16¢ of the passage for
regeneration 16 located in the front side of the hygroscopic
material region 104, a lower heat-supplying member 60
connected to a lower heater 58 through an upper connecting
duct 59 and a lower connecting duct 61 is arranged, by
which the air for regeneration immediately before the regen-
eration of the hygroscopic material region 104 is heated.
Further, in the heating section 16¢, a heat radiator 66
connected to heat-absorbing panels 62 through a warm water
bath 64 is arranged, by which also the air for regeneration is
heated. On the other hand, in the passage for regeneration 16
in the rear side of the hygroscopic material region 104, the
heat exchanger for heat recovery 54 is arranged, by which
heat is exchanged between the air for regeneration after
regenerating the hygroscopic material region 104 and the air
for regeneration after condensation of moisture. The passage
for regeneration 16 vertically rises from the rear side of the
heat exchanger for heat recovery 54, and descends after
U-turn at the top portion. In the portion immediately after
the descent, a heat exchanger for cooling 56 is arranged. In
the heat exchanger for cooling 56, heat is exchanged
between the air for regeneration and the ambient air, so that
the air for regeneration is cooled to form dew. In the lower

Sep. 27, 2007

side of the heat exchanger for cooling 56, a heat-absorber 70
connected to heat-radiating panels 68 through a cold water
bath 69 (FIG. 9) is arranged, by which the air for regenera-
tion is further cooled to form dew. Although not shown in
FIG. 8 for simplifying the drawing, in the upper space in a
housing 82, an upper heat-supplying member 84 connected
to an upper heater 83 through an upper communication duct
86 and a lower communication duct 88 is arranged, as shown
in FIG. 10.

[0061] The flow of the air for regeneration is indicated by
arrows in FIG. 9. The air for regeneration heated by a heat
radiator 66 and the lower heat-supplying member 60 in the
heating section 16¢ (the inner duct of the concentric double
duct) of the passage for regeneration 16 passes through the
hygroscopic material region 104 and receives moisture from
the hygroscopic material region 104 to regenerate it, thereby
becoming humid. The air for regeneration after passing
through the hygroscopic material region 104 enters first
passages 53 of the heat exchanger for heat recovery 54 and
cooled by the heat exchange with the air for regeneration
after condensation of moisture. However, the air for regen-
eration is still hotter than the ambient air, and ascends the
vertical portion of the passage for regeneration 16 after
exiting the heat exchanger for heat recovery 54, and
descends after U-turn at the top portion, followed by being
cooled by passing through the heat exchanger for cooling 56,
thereby a part of the moisture is condensed. The air for
regeneration further descends the passage for regeneration
16 and is cooled by the heat-absorber 70, thereby further
forming dew. The air for regeneration then enters the second
passage (the space between the first passages 53 of the the
heat exchanger for heat recovery 54), and is heated by the
heat exchange. The air for regeneration then passes through
the hygroscopic material outer periphery passage 72 and
then through the outer duct of the concentric double duct in
the heating section 16¢, and enters the inner region of the
double duct in the heating section 16¢ after U-turn at the
lower portion to return to the initial position. This cycle is
repeated. The formed condensed water is then collected
from a drain duct not shown formed at the lowest portion in
the passage for regeneration 16 without allowing air flow.
The reason why the air for regeneration flows is because of
the difference in the density of the air for regeneration due
to the difference in temperature as described referring to
FIG. 2, further details thereof being described later.

[0062] On the other hand, as shown in FIG. 10, in the
upper space of the housing 82, mainly in the upper space in
the front side (although a part extends up to the rear side) of
the moisture-absorbing rotor 10, the upper heat-supplying
member 84 is arranged, by which the air in the housing 82
is heated to form an ascending air current, and the air inhaled
from the outside of the housing 82 through a window 82a
(FIG. 8) of the housing 82 and the air inhaled from the
outside of the housing 82 through a hole 82¢ formed in a
lower partition plate 825 after passing through the space
among the heat-absorbing panels 62 (the inhaled air is the air
for moisture absorption) pass through the hygroscopic mate-
rial regions 105 and 10¢ where the moisture is absorbed. The
flow of the air for moisture absorption is indicated by wide
hollow arrows in FIGS. 8 and 10. On the other hand, a part
of the ambient air inhaled into the housing 82 through the
window 82a opened in the housing due to the same ascend-
ing air current passes through the other passage (the space
among the many pipes through which the air for regenera-
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tion passes) of the heat exchanger for cooling 56 where it
exchanges the heat with the air for regeneration (wide black
arrows shown in FIGS. 8 and 10). When the hygroscopic
material regions 105 and 10¢ become heavier due to mois-
ture absorption, the moisture-absorbing rotor is rotated and
the hygroscopic material region 10¢ moves to the position of
the hygroscopic material region 104 shown in FIG. 8, where
the hygroscopic material region 10c¢ is regenerated in the
same manner as described above. By virtue of the cam
mechanism described below, the rotation occurs intermit-
tently.

[0063] The above is the summary of the constitution and
operation of the second embodiment. Each of the constitut-
ing elements will now be described dividedly in more detail.

(1) Air-Tight Connection Between Hygroscopic Material
Region and Passage for Regeneration, and Rotation of
Moisture-Absorbing Rotor

[0064] An enlarged cross-sectional end view of the con-
nection portion between the hygroscopic material region 104
and the passage for regeneration is shown in F1G. 14. In the
drawing, the upper side is the front side of the apparatus.
FIG. 14A shows the state in which the hygroscopic material
region 10d is not air-tightly connected to the passage for
regeneration, and FIG. 14B shows the state in which the
hygroscopic material region 104 is air-tightly connected to
the passage for regeneration.

[0065] In the outer periphery portion of the hygroscopic
material region 10d, an annular inner male sealing plate 79
protruding in the front and inner oblique direction of the
hygroscopic material region 104 is formed. Similarly, an
annular inner male sealing plate 79' protruding in the rear
and inner oblique direction of the hygroscopic material
region 104 is formed. Since the front and rear faces of the
hygroscopic material regions have symmetrical structures,
and since the operation is also the same, the structure of the
front side and its operation alone will be described herein-
below. On the outer periphery of the circular through hole
harboring the hygroscopic material region 104, in the mois-
ture-absorbing rotor 10, an annular outer male sealing plate
77 protruding in the front and inner oblique direction,
similar to the above-described inner male sealing plate 79,
is formed. On the oblique surface of the inner male sealing
plate 79, an O-ring 90 for promoting the air tightness is
formed. Similarly, on the oblique surface of the outer male
sealing plate 77, an O-ring 92 for promoting the air tightness
is formed. As described above, the heating section 16¢ of the
passage for regeneration 16 has a concentric double duct
structure. To the end of the inner duct 164 thereof, an inner
female sealing plate 74 is connected through an annular
flexible member 78. The flexible member 78 preferably
consists of an elastic material and urges the inner female
sealing plate 74 to the direction of the hygroscopic material
region 10d. Since the inner female sealing plate 74 is to be
air-tightly connected to the inner male sealing plate 79 (see
FIG. 14B), the oblique surface thereof is parallel with the
oblique surface of the inner male sealing plate 79. To the
outer duct 16e of the double duct structure, an outer female
sealing plate 76 is connected through an annular flexible
member 80. The flexible member 80 preferably consists of
an elastic material and urges the outer female sealing plate
76 to the direction of the hygroscopic material region 10d.
Since the outer female sealing plate 76 is to be air-tightly
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connected to the outer male sealing plate 77 (see FIG. 14B),
the oblique surface thereof is parallel with the oblique
surface of the outer male sealing plate 77. A pin 94 whose
cross-section is circular is arranged on the outer female
sealing plate 76 in the side of the rotating shaft 12 of the
moisture-absorbing rotor 10, which pin 94 extends in the
direction parallel with the surface of the moisture-absorbing
rotor 10 and in the direction of the rotating shaft 12 of the
moisture-absorbing rotor 10. On the outer female sealing
plate 76 at the side of the outer periphery of the moisture-
absorbing rotor 10, a pin 96 whose cross-section is circular
is arranged, which extends in the direction parallel with the
surface of the moisture-absorbing rotor 10 and in the direc-
tion of the outer periphery of the moisture-absorbing rotor
10. In the vicinity of the rotating shaft 12 of the moisture-
absorbing rotor 10, a cylindrical inner cam wall 98 is
formed, whose center is coincident with the rotating shaft 12
of the moisture-absorbing rotor 10, and a cam groove 100 is
formed in the outer surface of the inner cam wall 98. The tip
portion of the pin 94 slidably engages with the cam groove
100, and moves along the cam groove 100 as the moisture-
absorbing rotor 10 rotates. Similarly, on the outer periphery
of the moisture-absorbing rotor 10, a cylindrical outer cam
wall 102 is formed, and a cam groove 104 is formed in the
inner surface of the outer cam wall 102. The tip portion of
the pin 96 slidably engages with the cam groove 104, and
moves along the cam groove 104 as the moisture-absorbing
rotor 10 rotates. The outer female sealing plate 76 and the
inner female sealing plate 74 are connected through a
plurality of connecting members not shown at some of the
portions thereof, such that when the outer female sealing
plate 76 moves, the inner female sealing plate 74 also moves
in parallel therewith. It is preferred that the movement of the
outer female sealing plate 76 and the movement of the inner
female sealing plate 74 be defined only in the direction back
and forth with respect to the hygroscopic material region, by
holding the outer female sealing plate 76 in the inner side of
the outer duct 16¢ of the double duct structure, through the
flexible member 80, and by holding the inner female sealing
plate 74 in the inner side of the inner duct 164 of the double
duct structure, through the flexible member 78.

[0066] FIGS. 15 and 16 show partially cut away perspec-
tive views for showing the cam mechanism. FIG. 16 shows
the vicinity of the hygroscopic material region 104 shown in
FIG. 15. FIGS. 15 and 16 show the state wherein the male
sealing plates 79 and 77, and the female sealing plates 74
and 76 are connected air-tightly, respectively (i.e., the state
shown in FIG. 14B). As shown in FIGS. 15 and 16, the
rotating shaft 12 of the moisture-absorbing rotor 10, the pin
94 and the pin 96 are aligned on one straight line. The cam
grooves 100 and 104 are formed such that the positions of
the pins 94 and 96 during the air-tight connection come to
the center of the valleys, respectively. The slope of the valley
in the cam groove 100 (indicated by a dashed line in F1G. 16,
and partly indicated by a dashed line in FIG. 15) is formed
to be identical with the slope of the sealing plates. Since the
portions in the cam grooves other than the valley portions
are substantially flat, the slope of the valley portions are
steeper than the other portions. The cam groove 100 and the
cam groove 104 are formed to be similar figure whose
centers are coincident with the rotating shaft 12 such that
when the pin 94 come to the valley position, the pin 96 also
comes to the valley position.
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[0067] The operation will now be described. In the air-
tightly connected state, as shown in FIGS. 15 and 16, the pin
94 and the pin 96 are positioned at the valley portion of the
cam grooves 100 and 104, respectively. In FIG. 14B too, the
cam grooves 100 and 104 are located at a lower position. In
this situation, the hygroscopic material region 104 is regen-
erated, and moisture absorption is carried out at the hygro-
scopic material regions 106 and 10c¢ whose weights
increases due to the absorption of moisture by the hygro-
scopic material. If the hygroscopic material region 10«
absorbs moisture, a torque opposite to the torque caused by
the increase in the weights of the hygroscopic material
regions 105 and 10c¢ is generated. Therefore, it is preferred
to arrange a screen plate not shown which covers the entire
surface of the hygroscopic material region 10a so as to
prevent air from passing through the hygroscopic material
region 10a. Further, since the air for moisture absorption
freely passes through the hygroscopic material outer periph-
ery passages 72 of the hygroscopic material regions 105 and
10c, it is preferred to arrange annular screen plates not
shown which cover the entire hygroscopic material outer
periphery passages 72 (the center region covering the hygro-
scopic material region 1s open), respectively, so that the air
for moisture absorption passes through substantially the
hygroscopic material regions 1056 and 10c alone. As the
weights of the hygroscopic material regions 105 and 10¢
increase, the pins 94 and 96 relatively ascend the slope in the
cam grooves 100 and 104 to leave the valleys and reach the
plateau of the cam grooves 100 and 104. In this situation,
since the cam grooves 100 and 104 are at a high position
(i.e., a position far away from the surface of the moisture-
absorbing rotor 10), the female sealing plates 76 and 74 are
apart from the male sealing plates 77 and 79, respectively, so
that the air-tight connection is released and the rotational
move of the hygroscopic material regions becomes easy. The
state shown in FIG. 14A is the state in which the air-tight
connection is released, and the cam grooves 100 and 104 are
at a high position. Since the plateau regions of the cam
grooves 100 and 104 are flat, once the pins 94 and 96 leave
the valleys in the cam grooves 100 and 104 to reach the
plateau, the moisture-absorbing rotor 10 rotates quickly
without substantial resistance, and stops when the pins 94
and 96 are fitted in the valleys of the cam grooves 100 and
104, respectively. As described above, since the slopes of the
valley portions are relatively steep, if the pins 94 and 96 of
the hygroscopic material region 10c are once fitted in the
valleys, they cannot get out of the valleys unless the weights
of the hygroscopic material regions 10 and 105 increase to
a considerable level by moisture absorption. Therefore, the
hygroscopic material region 10¢ dwells for a while in the
state of being air-tightly connected to the passage for regen-
eration 16, during which the hygroscopic material region
10c is regenerated. In other words, the moisture-absorbing
rotor 10 intermittently rotates such that the time during
which the hygroscopic material region is air-tightly con-
nected is long and the time during which it rotates is much
shorter than that. The above-described cycle is repeated and
the regeneration of each hygroscopic material region is
automatically carried out sequentially.

[0068] Another preferred mode of the cam mechanism is
shown in FIGS. 17 and 18. FIG. 18 shows the vicinity of the
hygroscopic material region 104 shown in FIG. 17. In this
mode, a flange 106 is formed on the outer periphery of the
outer female sealing plate 76. The flange 106 has a fan-
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shaped outer periphery (lacking the portion inner than the
inner cam wall 98) whose center is coincident with the
rotating shaft 12. On the inner two apexes of the flange 106,
pins 94a and 945 are mounted, respectively, and the tips of
these pins slidably engage with the cam groove 100. On the
outer two apexes of the flange 106, pins 96a and 965 are
mounted, respectively, and the tips of these pins slidably
engage with the cam groove 104. The rotating shaft 12, pin
94a and pin 964 are aligned on one straight line, and
similarly, the shaft 12, pin 945 and pin 964 are aligned on
one straight line. The end face of the outer female sealing
plate 76 of the side of the hygroscopic material region is
completely harbored in the inner side of the fan-shaped
flange 106. In this mode too, the cam grooves 100 and 104
are formed such that each pin comes to the valley portion of
each cam groove when air-tight connection is attained. The
angle between the straight line connecting the rotating shaft
12, pin 94a and pin 96a and the straight line connecting the
shaft 12, pin 965 and pin 965 is maximally 90 degrees (The
value obtained by dividing the circle with the number of
hygroscopic material regions. In the second embodiment,
since the number of the hygroscopic material regions is 4,
the maximum degree is the value obtained by dividing 360
degrees with 4). When this degree is the maximum, the
shape of the valley is changed from the reversed trapezoid
as shown in FIG. 17 to V-shape as shown in FIG. 15. In cases
where the above-described degree is not the maximum, the
bottom of the valley is flat as shown in FIG. 17. However,
even in these cases, since the pins 96a and 94a must ascend
the relatively steep slopes in order to get out of the valleys,
they cannot get out of the valleys unless the weights of the
hygroscopic material regions 10a and 1056 are considerably
increased by moisture absorption, as in the case where the
valley is V-shaped. In the mode shown in FIGS. 17 and 18,
since the outer female sealing plate 76 is supported by 4 pins
through the flange 106 during the movement, the formation
of the air-tight condition and the release thereof may be
attained more stably and more strictly.

[0069] In the above-described second embodiment, the
flexible members 78 and 80 may be in the form of bellows.
The above-described O-rings 90 and 92 may be formed on
the female sealing plates 74 and 76, respectively. Further, in
cases where at least one of the sealing plates which are
air-tightly connected is made of an elastic material, the
O-ring is not necessary. The sealing of the hygroscopic
material regions may also be attained by a mode other than
the combination of the male and female sealing plates used
in the above-described second embodiment. That is, for
example, it may also be attained by a mode wherein the male
sealing plates do not exist, and the female sealing plates are
in the form of a suction cup (the center portion thereof is
open) which tightly contacts the annular flat portions formed
on the outer peripheries of each hygroscopic material region
and of each hygroscopic material outer periphery passage
72. The pins 94 and 96 on the female sealing plate may be
slided in the cam grooves 100 and 104 via bearings. Further,
the cam grooves may not be in the form of a groove but may
be in the form of irregularities (i.e., the shape shown in
FIGS. 15 to 18 wherein the portions of the cam walls upper
than the grooves are deleted). In this case, although it is
necessary to continuously urge the female sealing plates to
the side of the moisture-absorbing rotor in order to make the
pins on the female sealing plates tightly contact the irregular
surfaces, this may be accomplished by forming the flexible
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members 78 and 80 with an elastic material as mentioned
above. If the urging is not sufficient, the urging may be
reinforced by a spring or an elastic member not shown.

(2) Heater Utilizing Sunlight as Heat Source

[0070] In the second embodiment, two heaters (lower
heater 58 and upper heater 83) utilizing the sunlight as the
heat source are mounted. The structure and the principle of
operation of the heaters are basically the same as the heater
in the first embodiment, which were described referring to
FIG. 7. The upper heat-supplying member 84 (FIG. 10)
connected to the upper heater 83 has a spiral shape when
viewed from the top. The movements of the heat medium in
these heaters are indicated by short arrows in FIG. 10. The
temperature of the heat medium may be raised to 50° C. to
120° C. by sunlight usually.

(3) Heating Means Utilizing Ambient Air as Heat Source

[0071] In the second embodiment, the heat radiator 66
which is a heating means utilizing the ambient air as its heat
source is mounted. As described above, the heat radiator 66
is connected to the heat-absorbing panels 62 through the
warm water bath 64. The heat-absorbing panels 62, warm
water bath 64 and the heat radiator 66 are connected in the
order mentioned from the lower side. Since the larger the
surface area of the heat-absorbing panels 62 per a unit
amount of heat medium, the larger the amount of heat
absorbed from the ambient air (when the ambient tempera-
ture rises, the temperature of the heat medium located inside
also rises almost simultaneously (ambient temperature=
temperature of inside heat medium), the heat-absorbing
panels 62 are preferably thin (preferably have a thickness of
1 to 5 cm). Each of the heat-absorbing panels 62 and the
warm water bath 64 are connected such that the upper
portion of the heat-absorbing panel 62 and the upper portion
of the warm water bath 64 are connected through a con-
necting duct 63, and the lower portion of the heat-absorbing
panel 62 and the lower portion of the warm water bath 64 are
connected through a connecting duct 65 (FIGS. 10 and 12).
The surfaces of the entire of the warm water bath 64 and of
a part of the connecting ducts 63 and 65 up to a height above
the warm water bath are heat-insulated (the portions indi-
cated by double line in FIG. 10). The upper portion of the
warm water bath 64 and the heat radiator 66 are connected
through two connecting ducts 67 and 676 (FIG. 12), and the
heat radiator 66 is slanted in the upper and lower direction.
The connecting ducts 67a and 675 are heat-insulated.

[0072] In the morning, as the air temperature rises, the
temperature of the heat medium in the heat-absorbing panels
62 also rises. When the temperature of the heat medium in
the heat-absorbing panels 62 becomes higher than the tem-
perature of the heat medium in the warm water bath 64, the
heat medium moves from each of the heat-absorbing panels
62 to the warm water bath 64 through the connecting duct
63. The cold heat medium in the warm water bath 64 moves
1o the lower portion of the heat-absorbing panel 62 through
the connecting duct 65. Air temperature generally falls
slowly after reaching the highest temperature at shortly after
noon. When this occurs, the temperature of the heat medium
in the heat-absorbing panels 62 also falls, and the tempera-
ture thereof becomes lower than the temperature of the heat
medium in the warm water bath 64. As a result, the density
of the heat medium in the heat-absorbing panels 62 becomes
larger than that of the heat medium in the warm water bath
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64, so that the movement of the heat medium due to
convection stops. In the second embodiment, by virtue of the
fact that the heights of the heat-insulative layer of the two
connecting ducts 67a and 675 are identical, the hotter and
lighter heat medium dwells stably in a position higher than
the heat-absorbing panels 62 when the temperature in the
warm water bath 64 is higher than the temperature in the
heat-absorbing panels 62. The movement of the heat
medium may be thus controlled utilizing the difference in
density alone, or may be controlled by providing a backflow
valve. Similarly, when the ambient temperature of the heat
radiator 66 is lower than the temperature of the heat medium
therein, the heat medium is cooled (the air for regeneration
is heated), and its density becomes large. As a result, the heat
medium moves downwardly by descending the slope of the
heat radiator 66, and then moves to the warm water bath 64
through the connecting duct 67b. When the ambient tem-
perature of the heat radiator 66 is higher than the tempera-
ture of the heat medium therein, the heat medium is heated
and becomes light. As a result, the heat medium dwells in the
heat-radiating portion, and the movement thereof between
the heat radiator 66 and the warm water bath 64 is stopped.
Since the temperature of the heat medium is about identical
to the ambient temperature, the temperature is maximally
about 30 to 40° C. In FIG. 12, the second to fourth
heat-absorbing panels 62 from the right are depicted such
that the connecting ducts in the rear side are shown by partly
cutting away the front surface of a part of the warm water
bath 64, and the remaining heat-absorbing panels 62 and the
warm water bath 64 are depicted such that the connecting
ducts in the front side are cut away. It is allowable that
sunlight may impinge on the heat-absorbing panels 62.

(4) Cooling Means Utilizing Ambient Air as Cooling Source

[0073] In the second embodiment, the heat-absorber 70
which is a cooling means utilizing the ambient air as the
cooling source is mounted (FIGS. 9, 11 and 13). FIG. 11
shows the cooling means when viewed from the left side,
and FIG. 13 shows the cooling means when viewed from the
front side. The heat-radiating panels 68, the cold water bath
69 and the heat-absorber 70 are arranged in the order
mentioned from the upper side. Since the larger the surface
area of the heat-radiating panels 68 per a unit amount of heat
medium, the larger the amount of heat radiated to the
ambient air (when the ambient temperature falls, the tem-
perature of the heat medium located inside also falls almost
simultaneously (ambient temperature=temperature of inside
heat medium), the heat-radiating panels 68 are preferably
thin (preferably have a thickness of 1 to 5 cm). Each of the
heat-radiating panels 68 and the cold water bath 69 are
connected such that the lower portion of the heat-radiating
panel 68 and the upper portion of the cold water bath 69 are
connected through a connecting duct 71, and the lower
portion of the heat-radiating panel 68 and the lower portion
of the cold water bath 69 are connected through a connecting
duct 73 (FIG. 11). The outer surfaces of the entire cold water
bath 69 and of the connecting ducts 71 and 73 up to the
height of the lower surface of the heat-radiating panel 68 are
heat-insulated. The lower portion of the cold water bath 69
and the heat-absorber 70 are connected through two con-
necting ducts 81a and 815 (FIG. 13), and the heat-absorber
70 is spiral and slanted in the upper and lower direction. The
connection ducts 81a and 815 are heat-insulated.
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[0074] In the night, as the ambient temperature falls, the
temperature of the heat medium in the heat-radiating panels
68 falls. When the temperature of the heat medium in the
heat-radiating panels 68 becomes lower than the temperature
of the heat medium in the cold water bath 69, the heat
medium moves from the lower portion of the heat-radiating
panel 68 to the cold water bath 69 through the connecting
duct 73 (the flow of the heat medium is indicated by arrows
in FIG. 11). The hot heat medium in the cold water bath 69
moves to the upper portion of the heat-radiating panel 68
through the connecting duct 71. Air temperature generally
rises slowly after reaching the lowest temperature before
dawn. When this occurs, the temperature of the heat medium
in the heat-radiating panels 68 also rises and becomes higher
than the temperature of the heat medium in the cold water
bath 69. As a result, the density of the heat medium in the
heat-radiating panels 68 becomes smaller than the tempera-
ture of the heat medium in the cold water bath 69, so that the
movement of the heat medium due to convection is stopped.
In the second embodiment, by virtue of the fact that the
heights of the heat-insulative layer of the two connecting
ducts 71 and 73 are identical, the colder and heavier heat
medium dwells stably in a position lower than the heat-
radiating panels 68 when the temperature in the cold water
bath 69 is lower than the temperature in the heat-radiating
panels 68. The movement of the heat medium may be thus
controlled utilizing the difference in density alone, or may be
controlled by providing a backflow valve. Similarly, when
the ambient temperature of the heat-absorber 70 is higher
than the temperature of the heat medium therein, the heat
medium is heated (the air for regeneration is cooled), and its
density becomes small. As a result, the heat medium moves
upwardly by ascending the slope of the heat-absorber 70,
and then moves to the cold water bath 69 through the
connecting duct 81 a. When the ambient temperature of the
heat-absorber 70 is lower than the temperature of the heat
medium therein, the heat medium is cooled and becomes
heavy. As a result, the heat medium dwells in the heat-
absorber 70 and in connecting ducts 81a and 815, and the
movement thereof between the heat-absorber 70 and the
cold water bath 69 is stopped. Since the temperature of the
heat medium is about identical to the ambient temperature,
the temperature is minimally about 0 to 10° C. The heat-
radiating panels 68 are arranged in shade.

[0075] The heat-absorbing panels and the heat-radiating
panels may be united to form heat-radiating/absorbing pan-
els. In this case, the heat radiator, warm water bath, heat-
radiating/absorbing panels, cold water bath and heat
absorber are arranged in the order mentioned from the upper
side. Further, for cooling the air for regeneration, radiative
cooling may be utilized. In this case, panels for radiative
cooling (sky radiator), cold water bath, connecting ducts,
heat-absorbing member, heat-insulative material and so on
are necessary. The arrangements of each member is the same
as the cooling means utilizing the ambient air as the heat
source except that the heat-radiating panels are replaced
with panels for radiative cooling (The radiative cooling
surfaces of the panels for radiative cooling preferably face
substantially upside (e.g., in the northern hemisphere, facing
the northem sky at an angle of 10 degrees from the horizon).

(5) Heat Exchanger for Heat Recovery

[0076] As described above, the second embodiment com-
prises the heat exchanger for heat recovery 54 in the passage
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for regeneration 16. As shown in FIGS. 8§ and 9, the heat
exchanger for heat recovery 54 comprises an end plate 55 at
the end of the side of the moisture-absorbing rotor, and a
plurality of first passages 53 are arranged along the periph-
ery of the end plate 55. The first passages 53 are arranged in
parallel with the direction of the passage for regeneration.

[0077] The air for regeneration after passing through the
hygroscopic material region 10d passes through the first
passages 53. On the other hand, the air for regeneration after
condensation of moisture passes through the second passage
(the space between the first passages 53) of the heat
exchanger for heat recovery 54. Since the end plate 55 does
not allow passage of air, the air for regeneration is inevitably
driven to the peripheral portion of the passage for regenera-
tion (indicated by arrows in FIG. 9), and enters the outer
duct of the concentric double ducts in the heating section 16¢
in the passage for regeneration 16 after passing through the
hygroscopic material outer periphery passage 72 (arrows in
FI1G. 9).

(6) Principle by Which Air for Regeneration Circulates in
Passage for Regeneration

[0078] FIG. 19 schematically shows the passage for regen-
eration 16 in the second embodiment. The passage including
the heat exchanger for cooling 56 and the heat-absorber 70
is developed to the rear side of the main body, and the
moisture-absorbing rotor 10 is indicated by the two-dot
chain. The cylindrical curved passage enclosing the heat
radiator 66 and lower heat-supplying member 60 (the inner
duct of the concentric double duct) is called “inner curved
passage”: the passage from the exit 53¢ of the heat
exchanger for heat recovery 54 (the exit of the first passages
53 of the side apart from moisture-absorbing rotor 10) to the
entrance of the heat exchanger for cooling 56 after ascend-
ing, curving in U-shape and shortly descending, is called
“ascending passage”; the passage from the entrance of the
heat exchanger for cooling 56 to the entrance 51 of the heat
exchanger for heat recovery 54 (the entrance of the second
passage at the end opposite to the end plate 55). after
descending from the entrance of the heat exchanger for
cooling 56, reaching the site 16/ lowest in the passage for
regeneration, and ascending by the distance about the diam-
eter of the passage is called “descending passage”; the
passage from the entrance 51 of the heat exchanger for heat
recovery 54 to the entrance 16 g of the inner curved passage
(the lower end of the inner curved passage” after extending
horizontally to the front side is called “heat recovery pas-
sage”, respectively, for convenience. The passage from the
inner curved passage to the exit 53a of the heat exchanger
for heat recovery is horizontal, and the lowest site is the
lower end 16g of the inner curved passage. Although the air
in this passage is the hottest in the air for regeneration, since
the lowest site is the lower end 16g of the inner curved
passage, the air can move only to the side of the ascending
passage. Although the heat recovery passage is almost
horizontal, and the air therein is hotter than the air in the
descending passage because heat is recovered from the air at
the exit of the moisture-absorbing rotor and from the inner
curved passage, the air can move only to the side of the inner
curved passage because the descending passage side is
curved downwardly in a distance of not less than the
diameter of the passage (the lower end 16/ of the passage for
regeneration). The volume between the lower end 16g of the
inner curved passage and the exit 53a of the heat exchanger
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for heat recovery and the volume of the heat recovery
passage are designed to be substantially identical (in order to
make the flow rate constant), and the air temperature of the
former is higher (the ascending force of the former is
stronger), so that in the horizontal portion of the passage for
regeneration including both the former and the latter, the air
for regeneration flows in the direction in which at least the
former air flows, that is, in the direction to the ascending
passage. In the ascending passage and the descending pas-
sage; as described in the first embodiment, the air for
regeneration flows from the ascending passage to the
descending passage. Thus, the air for regeneration flows in
the inner curved passage, the first passages of the heat
exchanger for heat recovery, ascending passage, descending
passage and heat recovery passage, in the order mentioned,
and circulates in this cycle.

[0079] The outer surface of the passage for regeneration
from the rear side of the moisture-absorbing rotor 10 to the
heat exchanger for cooling 56 is preferably heat-insulated.
Since by the heat from the lower heat-supplying member 60
and from the heat radiator 66, which heat did not pass
through the hygroscopic material, that is, by the heat which
went out through the concentric double duct to the outside
of the passage for regeneration, the air is warmed and flows
upwardly, the amount of heat of the upper heat-supplying
member 84 may be decreased. Further, the ambient air of the
apparatus flows upwardly because it is heated by passing
through the heat exchanger for cooling 56. Thus, the heat
exchanger for cooling 56 serves as a preheater before the air
1s heated by the upper heat-supplying member 84.

1. A method for extracting water from air using an
apparatus comprising at least a rotatably mounted hygro-
scopic moisture-absorbing rotor having at least one region
through which air can pass in the direction of thickness
thereof; a passage for regeneration through which air for
regeneration is circulated, of which both ends are opened at
the opposing two surfaces of a regeneration region, respec-
tively, said regeneration region being a part of said moisture-
absorbing rotor, at which said moisture-absorbing rotor that
absorbed moisture is regenerated; and a drain hole for taking
out condensed water from said passage for regeneration,
which is formed at a lower portion of said passage for
regeneration; said method comprising the steps of:

directly and/or indirectly heating, with sunlight, said air
for regeneration to be supplied to said regeneration
region of said moisture-absorbing rotor, thereby circu-
lating said air for regeneration through said passage for
regeneration and regenerating said moisture-absorbing
rotor;

cooling the air for regeneration after regenerating said
moisture-absorbing rotor to condense moisture therein;
and

collecting the generated condensed water from said drain
hole;

said moisture-absorbing rotor being rotated thereby
changing said part of said moisture-absorbing rotor,
which serves as said regeneration region.
2. An apparatus for carrying out said method according to
claim 1, comprising at least:
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a rotatably mounted hygroscopic moisture-absorbing
rotor having at least one region through which air can
pass in the direction of thickness thereof;

a passage for regeneration through which air for regen-
eration is circulated, of which both ends are opened at
the opposing two surfaces of a regeneration region,
respectively, said regeneration region being a part of
said moisture-absorbing rotor, at which said moisture-
absorbing rotor that absorbed moisture is regenerated;
and

a drain hole for taking out condensed water from said
passage for regeneration, which is formed at a lower
portion of said passage for regeneration.

3. The apparatus according to claim 2, further comprising

a heater for heating said air for regeneration, said heater
comprising;

a heat accumulator section having a light-receiving sur-
face which receives sunlight;

a heat medium which accumulates and transmits heat
from sunlight; and

a heat-supplying section which supplies the heat of said
heat medium to said air for regeneration;

said heat medium being heated by sunlight at said heat
accumulator section, being cooled at said heat-supply-
ing section by supplying heat to said air for regenera-
tion, and circulating said heat accumulator section and
said heat-supplying section;

said air for regeneration heated by said heater passing

through said regeneration region to regenerate it.

4. The apparatus according to claim 3, wherein said heat
accumulator section and said heat-supplying section are
connected through two ducts, said heat medium circulating
a circuit constituted by said two ducts, said heat accumulator
section and said heat-supplying section.

5. The apparatus according to claim 3 or 4, wherein the
rotating shaft mounting said moisture-absorbing rotor is
arranged in a direction other than vertical direction, said
moisture-absorbing rotor being spontaneously rotated due to
the difference in weight between said regeneration region
and the region other than said regeneration region.

6. The apparatus according to any one of claims 3 to 5,
further comprising:

a passage for supplying air for moisture absorption,
whose one end opens at an air for moisture absorption-
supplying surface of a moisture absorption region
which is a part or the entire of the region other than said
regeneration region in said moisture-absorbing rotor;
and

a passage for discharging air for moisture absorption,
whose one end opens at an air for moisture absorption-
discharging surface from which the dehumidified air
after passing through said moisture absorption region is
discharged.

7. The apparatus according to claim 6, further comprising

a heater for heating said air for moisture absorption, said
heater comprising:

a heat accumulator section having a light-receiving sur-
face which receives sunlight;
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a heat medium which accumulates and transmits heat
from sunlight; and

a heat-supplying section which supplies the heat of said
heat medium to said air for regeneration;

said heat medium being heated by sunlight at said heat
accumulator section, being cooled at said heat-supply-
ing section by supplying heat to said air for regenera-
tion, and circulating said heat accumulator section and
said heat-supplying section.

8. The apparatus according to claim 7, wherein said heat
accumulator section and said heat-supplying section are
connected through two ducts, said heat medium circulating
a circuit constituted by said two ducts, said heat accumulator
section and said heat-supplying section.

9. The apparatus according to any one of claims 3 to 8§,
further comprising a heat exchanger which exchanges heat
between said air for regeneration and said air for moisture
absorption or ambient air other than said air for moisture
absorption.

10. The apparatus according to any one of claims 3 to 9,
further comprising means for collecting said condensed
water through said drain hole without allowing air flow.

11. The apparatus according to any one of claims 2 to 10,
wherein the entire of said moisture-absorbing rotor is
formed of a hygroscopic material through which air can pass
through in the direction of thickness thereof.

12. The apparatus according to any one of claims 2 to 10,
wherein said moisture-absorbing rotor comprises a plurality
of hygroscopic material regions through which air can pass
through.

13. The apparatus according to claim 12, wherein said
plurality of hygroscopic material regions have the same
shape and size and are arranged equidistantly on a circum-
ference of a circle whose center is coincident with said
rotating shaft, both surfaces of one of said plurality of
hygroscopic material regions being connected air-tightly to
said passage for regeneration.

14. The apparatus according to claim 13, wherein a
sealing means is connected to each end of said passage for
regeneration through a flexible member, which end is to be
connected to each surface of said hygroscopic material
region, said sealing means and said hygroscopic material
region being directly or indirectly connected air-tightly; said
sealing means being movable in the direction perpendicular
to the surface of said hygroscopic material region by virtue
of a cam mechanism using a rotating force of said moisture-
absorbing rotor.

15. The apparatus according to claim 14, further com-
prising:

a cylindrical inner cam wall whose center is coincident
with said rotating shaft of said moisture-absorbing
rotor, said inner cam wall being formed on said mois-
ture-absorbing rotor; and

an outer cam wall whose center is coincident with said
rotating shaft of said moisture-absorbing rotor, said
outer cam wall being formed on outer periphery of said
moisture-absorbing rotor or the vicinity thereof;

two pins formed on said sealing means sliding along cam
grooves formed in said inner cam wall and in said outer
cam wall, respectively.
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16. The apparatus according to claim 14, further com-
prising:

a cylindrical inner cam wall whose center is coincident
with said rotating shaft of said moisture-absorbing
rotor, said inner cam wall being formed on said mois-
ture-absorbing rotor; and

an outer cam wall whose center is coincident with said
rotating shaft of said moisture-absorbing rotor, said
outer cam wall being formed on outer periphery of said
moisture-absorbing rotor or the vicinity thereof;

said sealing means being provided with a flange;

two pins among four pins formed on said flange sliding
along a cam groove formed in said inner cam wall, and
other two pins among said four pins sliding along a cam
groove formed in said outer cam wall.

17. The apparatus according to any one of claims 2 to 16,
further comprising a heat exchanger for heat recovery, which
exchanges heat between said air for regeneration immedi-
ately after passing through said moisture-absorbing rotor
and said air for regeneration after condensation.

18. The apparatus according to any one of claims 2 to 17,
further comprising, in said passage for regeneration, a
heating means utilizing ambient air as a heat source, the air
for regeneration heated by this heating means passing
through said regeneration region to regenerate said regen-
eration region.

19. The apparatus according to claim 18, wherein said
heating means comprises:

a heat-absorbing panel,

a warm water bath located at a position upper than said
heat-absorbing panel, which communicates with said
heat-absorbing panel; and

a heat radiator located at a position upper than said warm
water bath, which communicates with said warm water
bath;

a heat medium being capable of circulating through said
heat-absorbing panel, said warm water bath and said
heat radiator.

20. The apparatus according to any one of claims 2 to 19,
further comprising, in said passage for regeneration, a
cooling means utilizing ambient air as a cooling source, said
air for regeneration being cooled with this cooling means
thereby condensation of moisture is accelerated.

21. The apparatus according to claim 20, wherein said
cooling means comprises:

a heat-radiating panel;

a cold water bath located at a position lower than said
heat-radiating panel, which communicates with said
heat-radiating panel; and

a heat-absorber located at a position lower than said cold
water bath, which communicates with said heat-ab-
sorber.
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