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[57] ABSTRACT

A watér producing apparatus is, as a principle, to pro-
duce liquid water from moisture in the air by adsorbing
the moisture on an adsorbent and then desorbing water.
from the adsorbent by heating it and condensing steam
into liquid water. The water producing apparatus com-
prises a recycling passage for recycling steam through
an adsorbeiit column in the desorbing step, a heater for
heating the steam in the recycling passage; and a con-
denser branched from the recycling passage. In the
desorbing step, steam in the recycling passage is heated
by the heatér to heat the adsorbent and to desorb water
from the adsorbent and excess of steam corresponding
to the desorbed steam is passed from the recycling pas-
sage to the branched condenser and is condensed to
obtain liquid water in high efficiency.

7 Claims, 9 Drawing Figures
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1
WATER PRODUCING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention :

The present invention relates to a water producing
apparatus for producing liquid water from moisture in
air.

2. Description of the Prior Arts

A water producing apparatus for producing a de-
salted water from sea water has been well-known as an
apparatus for converting sea water into a desalted wa-
ter. A water treating apparatus for treating a waste
water such as a drainage in high degree to obtain water
having high clarity has been proposed. This is one of the
water producing apparatus classified in the apparatus
for converting sea water into a desalted water. These
apparatuses require a solution containing liquid water as
a main component for producing water. Thus, these
water producmg apparatus could not be used to pro-
duce water in a place where no liquid water is found
such as desert since the liquid water is used as the
source.

SUMMARY OF THE INVENTION

The present invention is to overcome these disadvan-
tages and to provide a water producing apparatus for
producing water even in a place where no liquid water
is found.

The water producing apparatus of the present inven-
tion is an apparatus for producing water from a mois-
ture in the air and is a novel water producing apparatus
which can produce water in any place as far as the air is
present. Of course, it is impossible to produce water if
no moisture is present in the air. According to the statis-
tical data for weather and the results of inventors’ stud-
ies, even in the air in a large desert at the central part of
Arabia, 3 to 4 g. of water is included in 1 m3 of the air,
and accordingly, water can be produced. Thus, water
can be obtained in a sterile land to live and to work and
water can be used for irrigation to culture plants. The
present invention contributes to expand living zones for
human-beings and is quite important.

The principle of the present invention is to produce
water by adsorbing moisture in the air on an adsorbent
as the first step and then, desorbing water adsorbed as
steam by heating the water-adsorbed adsorbent and
condensing the steam in a condenser as the second step.
The adsorbent is dehydrated to recover the adsorbing
function whereby the adsorbent can be repeatedly used
for adsorbing moisture in air. Thus, liquid water can be
repeatedly obtained from air.

The present invention is based on the principle and is
to improve the step of heating of the adsorbent and the
step of condensing steam obtained by the desorption
from the adsorbent in the second step.

The water producing apparatus of the present inven-
tion comprises a recycling passage for. recycling a gas
through a column holding an adsorbent in a desorbing
© step; a heater for heating said adsorbent in said recy-
cling passage to desorb water adsorbed. on. said adsor-
bent; a condenser which is branched from said recy-
cling passage and condenser at least part of steam fed
into said recycling passage; and a water tank for receiv-
ing liquid water formed in said condenser and said recy-
cling passage being connected through said condenser
to the atmosphere.

10

15

20

23

30

35

40

45

50

55

65

2

In the specification, the column means to form a
chamber in which an adsorbent is held. ’

In accordance with the water producing apparatus of
the present invention which has said structure, air in the
recycling passage is discharged through the condenser
branched from the recycling passage to the atmosphere
by steam desorbed from the adsorbent into the recy-
cling passage in the initial period of the desorbing step
as the second step; whereby the gas remained in the
recycling passage is gradually substituted by steam,
only. Then, only steam recycles the recycling passage.
The recycling passage is connected through the con-
denser whereby the pressure in the recycling passage is
always substantially equal to the atmospheric pressure.
The heater heats the steam recycled and fed to the
column in the super-heat condition. The super-heated
steam heats the adsorbent whereby water adsorbed on
the adsorbent in the first step is desorbed as the steam in
the recycling passage. The desorbed steam performs so
as to increase the total pressure in the recycling passage,
however the recycling passage is connected through
the condenser to the atmosphere. In the normal state,
only part of steam corresponding to the desorbed steam
is fed to the condenser. The temperature of the con-
denser is set to be lower than the temperature for the
saturated steam pressure at the atmospheric pressure,
whereby all of steam fed in the condenser can be con-
densed. The temperature of the condenser can be
enough low to about 80° C.

In accordance with the water producing apparatus of
the present invention, liquid water can be obtained in
high efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for showing the principle of the
apparatus for producing liquid water from moisture in
the air;

FIG. 2 is a diagram of one embodiment of the water
producing apparatus of the present invention;

FIGS. 3 to 9 are respectively diagrams of the other
embodiments of the water producing apparatus of the
present invention;

FIG. 3 is a diagram of the embodiment wherein a
heater and a recycling passage is placed in a column for
holding an adsorbent;

FIG. 4 is a diagram of the embodiment wherein a heat
of condensation is used for a part of energy for a heater;

FIG. 5 is a diagram of the embodiment wherein a
blower for feeding a gas such as air to the adsorbent
column: is actuated by a prime mover and the wasted
heat is used as a part of energy for a heater;

FIG. 6 is a diagram of the embodiment wherein Ran-
kine cycle engine is driven by the wasted heat from the
condenser and a blower for feeding a.gas such as air to

‘the adsorbent column is actuated;

FIG. 7 is a diagram of the embodiment wherein an
ejector is used as the condenser so as to form a compact
apparatus;

FIG. 8 is a diagram of the embodiment wherein an
ejector pump is equipped between the condenser and
the water tank so as to prevent leakage of steam; and

FIG. 9 is a partially enlarged sectional view of the
adsorbent column placing the adsorbent in an improved
manner.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before the description of the present inventicn, the
feature shown in FIG. 1 which is considered the princi-
ple will be illustrated.

FIG. 1 is a diagram of showing the principle of the
apparatus for producing liquid water from moisture in
the air by using an adsorbent.

In ‘FIG. 1, the reference numeral (1) designates a
column for holding an adsorbent (12); (2) and (3) re-
spectively designate blowers; (4) designates a condenser
for condensing a hot air having high humidity desorbed
from the column (1) in the desorbing step; (4a) desig-
nates an air cooling fan; (5) designates a heater for heat-
ing the air fed through the blower (3), by a burner (52);
{5b) designates a blower for the heater which is placed
in the heater (5); (6) designates an air-open type water
tank which stores water obtained by the condensation;
(6a) designates water produced; (7) designates a dis-
charge passage for discharging a dried air fed from the
column (1) after adsorbing moisture in the adsorbing
step as the first step; (7a) designates a sucking passage
for feeding the air into the column (1); (8) designates a
passage for feeding the hot air having high humidity fed
from the column (1) in the second step; (8a) designates
a passage for discharging water obtained by the con-
denser (4) and also discharging air (8b) designates a
passage for feeding air past the heater (§) to the column
(1); and (9), (10), (11) and (12) respectively valves for
opening and closing the passages which are placed.in
the passages for feeding the air, the dried air and the hot
air having high humidity.

The operation of the present invention w111 be illus-
trated.

As the adsorbing step (the first step) for adsorbing
moisture in the air on the adsorbent (1) held in the
column (1), the valve (9) and the valve (10) are opened
and the blower (2) is driven to feed the air into the
column (1). The moisture in the air is adsorbed on the
adsorbent (1a) and the dried air is discharged from the
column (1) through the valve (9). When the adsorbent
(1a) adsorbs enough moisture, the adsorbing step is
finished. Then, the desorbing step for desorbing water
adsorbed on the adsorbent (1a) is carried out. The
valves (9) and (10) are closed and then the valves (11)
and (12) are opened. Thus, the air is fed into the heater
(5) by the blower (3) and the hot air heated by the
burner (5@) (about 300° C. in the case of silica gel as the
adsorbent) is fed into the column (1) whereby the adsor-
bent (1a) is heated to desorbd the adsorbed water as the
steam. The temperature of the hot air fed from the
heater (5) is decreased by the latent heat for desorption.
When silica gel is used as the adsorbent (1a), it is prefer-
able to be about 200° C. as the temperature of the hot air
having high humidity discharged from the column (1).
The temperature is depending upon the desorbing ve-
locity of the adsorbent and the desorption ratio of water
adsorbed. The hot air having high humidity (about 200°
C.) discharged from the column (1) is fed through the
valve (11) and the passage (8) to the condenser (4)
wherein it is cooled by the cooling fan (4a) to be con-
densed to produce liquid water.

Thus, the steam which is condensed into liquid water
by the condenser (4) is only excess of steam over the
saturated steam pressure at the temperature of the con-
denser (4). When the steam is less than the saturated
steam pressure, no condensation is resulted and the
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steam is passed through the condenser and is discharged
with air through the water tank (6) to the atmosphere to
the direction of the arrow lines (65), (6¢).

As described below, the system of FIG. 1 can not be
used in the practical operation since it is difficult to
increase the steam pressure over the saturated steam
pressure in the condensation and it is not advantageous
in view of heat economy.

The present invention is to provide a water produc-
ing apparatus which is practically used without dis-
charging steam desorbed from the adsorbent, and with
less consumption of heat energy.

The structures and the functions and results of the
water producing apparatus will be described in detail.

FIG. 2 is a diagram of one embodiment of the present
invention.

In FIG. 2, the reference numeral (17) designates a
column which has the same structure of the column (1)
and an adsorbent (170) is filled in the column; (13) and
(14) respectively designate valves for opening or clos-
ing the passage and said valves are substantially the
same as the valves (9), (10) in the column (1); (184a)
designates a passage for feeding a gas from a blower (2)
to the column (1) or (17); (18) designates passage for
feeding the gas discharged from the column (1) or (17);
(15) and (16) respectively designate valves for opening
and closing the passage for feeding a gas for desorption
to the column (17) and said valves are substantially the
same as the valves (11) and (12) in the column (1). The
references (23), (23a) and (23b) respectively designate
recycling passages for desorption of water from the
adsorbents (1a) or (17a); (24) designates a blower for
recycling the gas for desorption in the recycling passage
(23) to the direction of the arrow line A; (4b) designates
a pipe line for feeding a gas containing desorbed steam,
which is branched from the recycling passage (23); and
{4c) designates a part for opening the pipe line (4b) to
the atmosphere. The other reference numerals designate
the same as those of FIG. 1.

The operation will be illustrated.

The operation of an adsorbing step in the first column
(1) and a desorbing step in the second column (17) will
be considered.

In the adsorbing step, the valves (9), (10) are opened;
and the valves (13), (14) are closed and air is fed from
the blower (2) into the column (1) so as to adsorb mois-
ture in the air, on the adsorbent (1c). In this step, the
valves (11), (12) are closed.

On the other hand, in the desorbing step, the valves
(15), (16) are opened and the blower (24) is driven to
pass thé gas (such as the air containing moisture) in the
recycling passage (23) to the direction of the arrow line
A and to feed the gas heated by the heater (5) as high
temperature (about 300° C. in the case of silica gel ad-
sorbent) into the column (17) so as to start the desorbing
operation. The adsorbent (17a) is heated by the hot gas
whereby the adsorbed water is desorbed as steam. The
gas ‘containing steam obtained by the desorption- is
passed through the valve (15) to the recycling passage
(23). The gas in the recycling passage (23) has volumet-
ric expansion resulted by steam desorbed from the ad-
sorbent. Therefore, a part of the gas is fed through the
branched pipe line (4b) into the condenser (4) whereas
most of the gas is recycled by passing through the pas-
sage (23a) to the blower (24) and feeding through the
heater (5) to the column (17) by the blower (24).

The feature of the present invention is to recycie the
hot gas for desorption. That is, the temperature of the
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gas discharged from the column (17) in the desorbing
step into the recycling passage (23) is about 200° C.
when the temperature at the inlet of the column is 300°
C. because of the latent heat for desorption as described
referring to FIG. 1. In the embodiment of the present
invention, the gas is recycled to.the column (17) and
accordingly, it is enough to heat the gas at 200° C. to
300° C. (for 100° C.) in the heater :

In the system shown in FIG. 1, it is necessary to heat
the gas from t_he ambient temperature,(ZS C.).to 300° C.
(for 275° C).

As it is understood, in accordance with the embodi-
ment of the present invention, the heat energy for de-
sorption can be reduced to 40%

( —036) | B
in comparison with the system shown in FIG. 1. The
detail will be described below.
The recovery of water will be illustrated.

The gas fed into the branched pipe line (45) by the
volumetric expansion of desorbed steam, is steam con-

100C°C)
275(°C.)

—_
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taining air at the initial period in the desorbing step.

Therefore, steanj' is not completely condensed in the
condenser (4) whereby a part of steam is discharged
with air to the atmosphere to cause a.loss. Thus, air
remained in the initial period is gradually substituted by
the desorbed steam in the desorbing step, whereby the
recycling gas is converted into only steam.. Therefore,
after the complete substitution, 100% of the desorbed
steam is condensed into. water when the temperature of
the condenser (4) is lower than 100° C. The period for
discharging steam with air in the initial period through
the outlet opening (4c¢) is negligible in comparison ‘with
the total desorbing period. Therefore, moisture in the
air is substantially condensed into water. This is the
advantage of the present invention over the system
shown in FIG. 1.

The embodiment of the present invention using mo-
lecular sieve as an adsorbent will be illustrated.

The use of the molecular sieve as the adsorbed is not
critical. Any other adsorbent which adsorbs moisture in
a gas phase and desorbs the adsorbed water by heatmg,
can be also used. i

Typical example of a two. co]umn type water produc-
ing apparatus having a water producing coefficient of
100 kg. water/day (two columns are used) which repe-
ates three times.of desorptions per day for each column
will be iHustrated. :

The adsorbing period and the- desorbmg perlod are
respectively four hours and an amount of water ad-
sorbed during one adsorbing period is given as follows.

11000 ¢

> X&—lﬁ']kg

R

When an effective adsdrption by the molecular sieve’

is 8%, the amount of the molecular sieve should be as
follows. :

l67>(-2'0——

3 2100 kg
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The volume of the column for filling the molecular
sieve is about 4 m3, and the volume of the air is about 1°

m3.

On the other hand, the amount of steam generated by
the desorption is give as follows.

167 1.6=267 m3

‘wherein a specific volume of steam (m3/kg at 100° C.) is
1.6. The specific volume per/hour is 267/4-67 m2/hour.
Therefore, an amount of moisture discharged with 1 m3
of air is remarkably smaller than the total steam and
accordingly it is negligible. Thus, air is discharged for
only short time and thén, only steam “is recycled. In
particular, it is ehough to use only three timies of steam
to the volume of air in order to substitute 90% of air and
it takes only 3 mmutes as
X2 = o.0as(hou).

Thus, in accordance with this system, the gas for sup-
plying heat to the adsorbent is steam. The flow velocity

of the recycled steam (V:m3/hour) requlred for supply-
ing heat is glven ‘as follows.

v~-l-6-z-—2—<-9-°°— = 150 X 0.16 X. V-

= 1600 (m3/hour)

wherein a latent heat of the molecular sieve for desorp-
tion is 900 k.cal/kg.water and a difference of tempera-
tures at the inlet and the outlet of the column is 150° C;
and a.specific heat of steam at 300° C. is 0.16 k.cal/m3
steam.

In the case of the molecular sieve, the temperature of
the hot gas fed into the column is preferably controlled
to give the temperature of the adsorbent of 350° to 450°
C. Therefore, the temperature at the inlet of the column
is preferably 500° to 600° C. The temperature is depend-
ing' upon a content of water remained on the adsorbent
in the desorption.

In the case of 350° to 450“ C. of the temperature of
the adsorbent, about 3 to 4 wt.% of water is remained
on the adsorbent. In the absorbing step, ten and several
% of water is adsorbed, whereby the effective adsorp-
tion of water can be higher than 8 wt.%.

Now, air in the column (17) had been discharged for
about 3 minutes, and then, only steam is recycled. The
pressure in the gas recycling passage (23) is always
about 1 atm. since the passage is opened through the
condenser (4) to the atmosphere

The recycling gas is only steam except the mmal
period in the desorbing step. The steam corresponding
to-the desorbed steam is fed to the condenser (4) to form
water. There is no.other gas beside steam, whereby no
gas is discharged from the outlet of the condenser (4)
and :100% of steam is condensed into water: -

The temperature in the condenser (4) can-be the tem-
perature for condensation of steam in the atmospheric
pressure, i.e. lower:than about 100° C. For example, it
can be 90° C.

In this embodiment, air is not included in the recy-
cling gas, as different from the system shown in FIG. 1.
Therefore, it is unnecessary to cool air whereby the
condenser (4) can be small and the blowing air for cool-
ing can be minimized.
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It is unnecessary to cool the recycling gas, since the
recycling gas is only steam and the amount of steam
corresponding to the steam increased by the desorption
is fed as 100% steam to the condenser.

There is a question whether the desorption of water
from the adsorbent can be performed with steam in the
water producing apparatus of the present invention.
There is no problem on this feature. The function for
the desorption is the temperature and it is balanced to
the partial pressure of steam around the adsorbent. The
partial pressure of steam is about ! atm. (atmospheric
pressure) and it is not higher than 1 atm. Therefore, it is
enough to elevate the temperature of the adsorbent over
the temperature corresponding to 1 atm. When it is at
350° to 450° C. as described above, the desorption can
be performed to give only 3 to 4 wt.% of the residual
water content even though the pressure of steam is 1
atm. On the other hand, any kind of hot gas can be used
for supplying heat to the adsorbent. Thus, the steam can
be used for supplying heat.

The steam in the recycling passage is heated by the
heater (5) at the inlet of the column (17) to be 500° to
600° C. Even though heat is supplied to the adsorbent to
decrease the temperature, the temperature of the steam
at the outlet of the column (17) is 350° to 450° C. On the
other hand, the pressure of the steam is 1 atm. to be
always the super-heat condition. It is the dried steam
whereby it is not condensed to form water even though
heat is supplied from the steam to the recycling passage
and the adsorbent. The steam is condensed to form
water only when excess of the steam is fed to the con-
denser (4) for cooling it to lower than 100° C.

The flow rate of the air (m2/sec.) fed into the column
(1) of the water producing apparatus having a capacity
of 1000 kg. water/day in the adsorbing step is given as
follows.

: 3.1
%X%{X%X%':l.?mz/sec.

wherein a water content in the air is 10 g.water/m3.air
and water is adsorbed to be 3 g.water/m3.air by the
adsorbent. This is not so much. o

The efficiencies of the apparatuses shown in FIG. 1
(the reference) and FIG. 2 (the invention) are further
compared.

In the apparatus.shown in FIG. 1, silica gel is used as
the -adsorbent and 2000 kg. of silica gel is filled in the
column.

In order to compare w1th the apparatus shown in
FIG. 1, only one column is used in the apparatus shown
in FIG. 2 and 2000 kg. of silica.gel is filled in the col-
umn.

The air containing 10 g. of m01sture per 1 m3 (10
g-water/m3.air) (more than 20 g. of moisture is usually
contained in 1 m3 of the air in summer) is fed into each
column. The moisture in the air is adsorbed on the ad-
sorbent to discharge a dried air containing about 3 g. of
moisture per 1 m3 (3 g.water/m3.air). The effective
water adsorption percent of silica gel in said humidity at
about 25° C. is about 16 wt.%. Therefore, a blow gas
velocity V of the air fed into the column is given as
follows in the adsorbing step for 4 hours.

2000 X 0.16

—4xV
(10 — 3) x 103 S
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V =12,000 m?/hour =200 m3/min. =3.3 m3/sec.

The data are common for the features shown in FIG. 1
and FIG. 2.

The desorbing steps of the features shown in FIG. 1
and FIG. 2 are compared.

The latent heat for desorption of water adsorbed on
the silica gel is 700 k.cal./kg.water. The heat required
for the desorption per hour (heat supplied to silica gel)
Q is given as follows in the desorbing step for 4 hours.

2000%0.16 X 700=4X @

©=156,000 k.cal/hour.

This is common in both features.

The blow gas velocity for the desorption V in the
desorbing step feeding the hot gas at 300° C. and dis-
charging the gas at 200° C. is given as follows.

56,000=(300-200)<0.2x V

¥'=2,800 m3/hour=47 m3/min.=0.8 m3/sec.

wherein the specific heat of the gas is 0.2 k. cal./m3gas.
The blow gas velocity is common in both features.
The heat q; (FIG. 1) and the heat q2 (FIG. 2) which
should be supplied from the heater (5) will be consid-
ered. (The ambient temperature is 25° C.).
The heat in the feature of FIG. 1.

q1=2,800X(300-25) X 0.2==154,000 k.cal/hour.
The heat in the feature of FIG. 2. The temperature of
the gas fed into the heater (5) is about 200° C.

g2=2,800 X (300-200) X 0.2=56,000 k.cal/hour.
The heat required in the feature of FIG. 2 is about
40% to that of FIG. 1.

56,000 0.4
154,000

In the practical operation, the heat for heating the
silica gel to 200° to 300° C. and the heat loss from. the
surface of the adsorbent column are considered. There-
fore, qi and q; are slightly higher than the theoretical
values (about 20%). It is understood that the feature of
FIG. 2 of the present invention requires remarkab]y
smaller heat.

The recovered water will be illustrated.

The saturated steam pressure at the temperature of
the condenser. (4) of 45° C. is about 64 g. water/m3.air as
the absolute humidity.

In the feature of FIG. 1, the absolute humidity of the
gas containing steam desorbed from the adsorbent in the
column in the desorbing step (the air and steam at 200°
C.) can be calculated by dividing the desorbed water
rate per hour by the gas velocity V and adding the
moisture in the air fed (10 g.water/m3.air).

2000 X %16 x 10 X = 8!00 + 10 = 39 g.water/m? . air

This value is less than 64 g.water/m3 and accordingly,
the condensation of steam is not resuited by the con-
denser in this condition. That is, no water is produced.
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In order to produce water; the temperature of the
condenser is decreased. In the practical operation, it is
difficult to decrease to
In this feature, even though the size of the condenser
is increased to be infinitive and the coolant gas velocity
given by the cooling fan (4a) is increased to be infinitive
and the temperature is decreased-to 25° C. as the ambi-
ent temperature, the saturated steam pressure is 23
g-water/m3.air- as the absolute humidity. Thus, only
40% of water
=04 )

(

can be recovered.

When the gas velocity V of the gas fed into the col-
umn in the desorbing step is lower, the absolute humid-
ity of the gas discharged from the column is increased as
considered from the above-mentioned equation. Thus,
the recovery of water can be performed even though
the temperature of the condenser is higher. In such
feature, the temperature of the gas is increased in the
reversely proportional to the gas velocity V. The effi-
ciency of the heater is lowered and silica gel is deterio-
rated at higher than 450° C. Therefore, the feature of
FIG. 1is remarkably difficult in the practical operation.

On the other hand, in accordance with the feature of
FIG. 2 (the invention), about 100% of water can be
recovered as described above.

At the final moment in the desorbing step, steam as
the recycling gas remained in the column is discharged
to the atmosphere by the switching to the absorbing
step. Thus, the amount of steam is only about 0.8 kg:
(0.4 kg./cm3 of specific gravity of steam at 250° C. and
1 atm.) X 2 m3. This is negligible to 320 kg. (2,000<0.16)
of water recovered.

As described, the water producing apparatus of the
present invention has. excellent advantages for heat
economy and water recovery.

FIG. 3 is a diagram of the other embodiment of the
present invention wherein the column (1), the heater (5}
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the recycling passage (23) and the blower (24) are kept’

in a casing (26).

FIG. 3 shows the desorbing step and the arrow line in
the casing (26) indicates the gas flow in the recyclmg
passage (23).

The embodiment has the advantage of a simpler
structure of the recycling passage. For example, three
columns are used to .carry out the adsorbing step, the
desorbing step and the cooling step for cooling the
adsorbent heated by the desorption in a desired. se-
quence so as to: continuously produce: water. It is also
easy to control the apparatus by an automatic control
means. Various modification can be considered. For
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example, in the embodiment of FIG. 2 or 3, the heater .

(5) is placed to contact with the adsorbent (1a) or (17a)
50 as to decrease the space for the apparatus. It is also
preferable to utilize the solar energy as the heat source
or the power source or to equip various heat system for
-effective utilization of energy.

Certain other embodiments of the present mventlon :

will be further illustrated.

FIG. 4 shows a modification of the embodxment of
FIG. 2 wherein a heat recovering device (25) is con-
nected between the branched point.(23d) in the recy-

cling passage and the condenser (4) and heat recovered:

65
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by the heat recovering passage (25) is fed to the heater
(5) so as to effectively utilize the heat. '

In this embodiment, a primary pipe line (25@) of the
heat exchanger (25) is connected so as to form a part of
the pipe line connecting the branched point (234) and
the condenser {4). A secondary pipe line (254) which is
thermally coupled to the primary pipe line (252) at one
end is opened to the atmosphere. The other end of the
secondary pipe line (2556) is connected through the pipe
line (26) to the blower (56) for the heater (5).

The operation of this embodiment for producing
water is substantially the same with that of FIG. 2.
Thus, the air for combustion fed to the burner (5a) by
the blower (54) is preheated by the heat-exchanger (25)
whereby a part of heat energy required for the heater
(4) can be supplied by the heat recovering device (25)
and a loss of heat can be minimized.

The heat recovering device (25) can be formed as one
body with the condenser. That is, the secondary pipe
line (28b) is placed in the condenser (4) to thermally
couple them so as to receive the heat of condensation of
steam discharged from the recycling passage (23).

FIG. 5 shows the other modification of the embodi-
ment wherein the blower (2) for feeding air to the ad-
sorbent columns (1) and (17) is driven by a prime mover
(27) and wasted heat of the prime mover (27) is fed to
the heater (§) so as to effectively utilize energy.

In FIG. 5, the blower (2) is driven by the prime
mover (such as an internal combustion engine such as
gasoline engine and Diesel engine) connected through a
coupling (28). The coil (5¢) of the heater (5) is thermally
coupled to the engine (27) so as to receive the wasted
heat of the engine (27). The other features is the same as
those of FIG, 2.

In the water producing apparatus having said struc-
ture, the valves (9), (10), (15) and (16) are opened and
the valves (11), (12), (13) and (14) are closed and the
blower (2) is driven by the. engine (27) whereby the
adsorbing operation is carried out in the adsorbent col-
umn (1) as the same as that of FIG. 2. On the other
hand, the adsorbent (17q) treated by the adsorbing oper-
ation is placed in the recycling passage (23) and the
desorbing operation is carried out by driving the blower
(24) and the heater (5). In this operation, the wasted
heat of the engine (27) is used as a part of heat energy
required for the heater (5). From the economical and
energy saving viewpoint, this feature is advantageous.

When a gasoline engine or Diesel engine is used as the
prime mover (27), the burner (54) and the blower (55)
can be eliminated.

FIG. 6 shows a modification wherein the condenser
(4) and the Rankine cycle engine (29) are combined to
drive the Rankine cycle engine (29) by the heat gener-
ated in the condenser (4) and the blower (2) is driven by
the resulting power so as to effectively utilize the en-
ergy.

In FIG. 6, the reference numeral (29) designates a
Freon using engine etc. which comprises Freon (294), a
tank (295) for Freon; a passage for Freon (29¢c), a feed
pump (294); a Freon evaporator (29¢) and Freon con-
densing part (29f) placed in the condenser (4).

The condenser (4) has the function as a heat-
exchanger for transferring the heat of distillation to the
Freon. evaporator (29¢); the reference numeral (30)
designates a power transmitting mechanism for trans-
mitting the driving power of the Freon engine (29) to
the blower (2).
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The other mechanism is the same as that of the em-
bodiment of FIG. 2.

The principle operation for producing the liquid
water in this embodiment is substantially the same as
that of FIG. 2. Therefore, the description is not recited.

Only the operation of Rankine cycle engine will be
illustrated. '

In the desorbing step, the super-heated steam
(350°-450° C.) containing steam desorbed from the ad-
sorbent (176) in the column (17) is passed from the
recycling passage (23} to the condenser (4) having a
function of a heat-exchanger so as to balance the pres-
sure to the atmospheric pressure. The super-heated
steam is heat-exchanged at about 90° C. Therefore,
Freon (such as Freon R-114) fed to the cendenser (4) by
the feed pump (29) is converted into a Freon gas at
about 90° C. and about {1 atm. and the Freon gas is fed
from the condenser (4) to rotate the Freon engine (29).
After driving the Freon engine (29), the Freon gas is
cooled to about 38° C. and about 2.2 atm. and is further
cooled by the condenser (29/) to form the liguid Freon
and to store it in the tank (295). The liquid Freon (294)
in the tank (295) is fed again by the feed pump (294) to
the vaporizing part (29¢) of the condenser (4). The ro-
tary power of the Freon engine (29) is applied through
the power transmitting mechanism (30) to drive the
blower (2) whereby the air is fed to the column (1) or
an.

In accordance with this embodiment of the water

20

25

producing apparatus of the present invention, the loss of 30

energy is minimized to obtain the liquid water in. the
liquid phase in high efficiency from the moisture in the
air. This is remarkably effective.

When water is not adsorbed on any adsorbents (1a)
and (176) held in the columns (1) and (17), the Freon
engine (29} is not actuated even though the heater (5)
and the blower (4) are driven. Therefore, the adsorbing
step is not started.

In order to prevent such trouble, another device for
heating the evaporator (29¢) is equipped or another
device as a blower-driving source is equipped as an
auxiliary device.

The typical condenser (4) used in the embodiments 2,
3, 4 and 5 comprises a tube made of a high heat conduc-
tive metal such as copper and aluminum which has
many fins on the outer surface and in which steam is
passed and said fins are cooled by a coolant such as air.

In the embodiment of FIG. 6, the heat-exchange is
carried out through a partition having high heat con-
ductivity. This is not critical.

FIG. 7 shows a modification wherein an ejector type
condenser is used. In FIG. 7, the part (4) surrounding
by the broken line corresponds to the condenser (4)
shown in FIG. 2.

The desorbed steam discharged from the column is
passed through the branched point (234) into the con-
denser (4) and is condensed to form the liquid water and
this is stored in the tank (8).

The operation and the characteristic of the condensa-
tion will be illustrated.

The reference numeral (45) designates an ejector type
condenser; (40) designates a pump for recycling water
to the ejector type condenser (45); (44) designates a
device for cooling water which is recycled; (44a) desig-
nates a fan for air cooling; (41) designates a pipe line
from the pump (40) to the ejector condenser (45); (42)
designates a pipe line from the ejector type condenser
(45) to the water tank (6). The liquid water formed by
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condensing in the ejector type condenser (45) is com-
bined with the recycling water to feed into the water
tank (6). The increased liquid water is stored in the
water tank as the increased water.

As it is well-known, the ejector type condenser (45)
comprises a nozzle (46), a throat part (47) and a reduced
pressure chamber (48). The water ejected from the
nozzle (46) sucks steam (gas) in the reduced pressure
chamber (48) so as to perform the complete gas-liguid
contact. The steam is condensed into the liquid water.
The temperature of water in the pipe line (42) is raised
by latent heat for condensation.

In this embodiment, the temperature of water is kept
in constant by cooling water by the cooler (44).

In accordance with the ejector type condenser, steam
is directly brought into contact with water for receiving
latent heat for condensation and steam is mixed as fine
bubbles with water in the throat (47). The contact area
between steam and water is remarkably large.

In usually, the ejector condenser (45) can be remark-
ably small in comparison with the condenser (4) shown
in FIG. 2, and the efficiency for contact is remarkably
high. The temperature of the recycling water for re-
ceiving latent heat for condensation can be only slightly
lower. than the temperature for the saturated steam
pressure (in this case, about 100° C. since the steam
pressure is substantially the atmospheric pressure).

In the case of the condenser shown in FIG. 2, it is
preferably cooled to about 60° C. On the other hand, in
the case of the ejector type condenser, the recycling
water can be at about 95° C. The heat received for the
condensation of steam is equal for the same steam. Thus,
the heat removed by the condenser (4) shown in FIG. 2
is substantially the same as that of the cooler (44) in this
embodiment. In the former embodiment, it is removed
from the lower temperature (60° C.) whereas in this
embodiment, it can be removed from the higher-temper-
ature (95° C.). Therefore, the cooler (44) of this embodi-
ment can be smaller than the condenser (4) of the em-
bodiment of FIG. 2. The condenser (4) of this embodi-
ment can be compact.

This embodiment using the ejector type condenser
has also the following advantages beside the advantage
of the smaller size condenser. )

In the embodiment of FIG. 2, the desorbed steam is
passed from the recycling passage (23) into the con-
denser to form the liquid water. When steam passes the
condenser (4), a pressure loss is caused whereby the
pressure in the columns (i) and (17) are slightly higher
than the atmospheric pressure (several tens to several
hundred mmH>0). On the other hand, the desorbing
step is carried out at the high temperature. It is not easy
to maintain a complete sealing and to prevent a leakage
of steam.

On the other hand, in accordance with the ejector
type condenser, water is ejected from the nozzle to
forcibly suck steam whereby the pressure in the column
is substantially the same as the atmospheric pressure or
lower. The leakage of steam from the column can be
prevented.

The cooler (44) can be placed ‘in the pipe line (42)
after the ejector type condenser (45). In said case, the
pressure loss of the cooler (44) is applied to the ejector
type condenser (45) whereby the limit of the reduced
pressure in the reduced pressure chamber (48) is in-
creased for the pressure corresponding to the pressure
loss. There is, however no trouble because the pressure
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in the reduced pressure chamber can be the atmospheric
pressure or slightly lower.

1t is possible to eliminate the cooler (44) by equipping
fins on the ejector type condenser (45) and cooling the
fins of the ejector type condenser by feeding air.

FIG. 8 shows a modification of the embodiment of
FIG. 2 wherein an ejector is equipped in the pipe line
connecting the condenser (4) and the water tank (6) so
as to prevent a leakage of steam.

In FIG. 8, the reference numeral (31) designates a
device for preventing a leakage of steam which com-
prises a pump (31a) for recycling water (6) in the water
tank (6); and an ejector (314) equipped in the recycling
passages (310), (31¢). The sucking part (310d) of the
ejector (31d) is connected through the pipe line (82) to
the condenser (4). The other structure of the embodi-
ment is the same as that of FIG. 2. -

As described above, a pressure loss is caused in the
condenser (4) in the desorbing step. The pressure loss in
the adsorbent columns (1), (17) may reach to several
hundreds mmH0.

The ejector (31<) is used for maintaining the pressure
in the adsorbent column to slightly lower than the at-
mospheric pressure by reducing the pressure for the
pressure loss at the outlet of the condenser (4) whereby
the leakage of steam is prevented. In accordance with
the device for preventing the leakage of steam (31), the
condensation of steam is prevented whereby it is unnec-
essary to equip a cooler for water passing through the
recycling passages (315), (31¢).

FIG. 9 shows a modification wherein the arrange-
ment of the adsorbent (16) in the columns (1), (17) is
improved.

In FIG. 9, the adsorbent (15) is arranged in a zig-zag
form; and (101) designates a turned point in the zig-zag
form. The other structure is the same as those of the
embodiments of FIGS. 1 to 8.

In accordance with the water producing apparatus
having said structure, a plurality of platelike adsorbent
layers (1b) are arranged in zig-zag form in the column
(). The total surface area of the adsorbent layers (1b) is
large and accordingly, the amount of the adsorbent can
be increased without increasing the thickness of the
adsorbent layer (1) and the total adsorbable water can
be increased. Since the thickness of the adsorbent layer
(1b) is not thick, a flow resistance is not high and a flow
rate of air is not lowered. Moreover, an adsorption
percent of the adsorbent on the front surface is not
different from that of the rear surface.

In this embodiment, the adsorbent layer (1) is ar-
ranged to the direction near the horizontal direction.
Therefore, there is no trouble for forming a space of
non-adsorbent layer (15) in the adsorbent column even
though a vibration is-applied. When the adsorbent layer
is arranged to the direction near the vertical direction,
the adsorbent layer is fallen down by a vibration to form
a space of non-adsorbent at the upper part of the adsor-
bent column. When such space is formed, air passes
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through the space having non-adsorbent and having

lower flow resistance whereby moisture in the air is not
satisfactorily adsorbed on the adsorbent layers and the

efficiency for producing water is lowered. Thus, if there

is no possibility to fall down the adsorbent layers, the

surfaces of the adsorbent layers can be arranged near

the vertical direction.

Various embodiments of the present invention have
been described, however, obviously, numerous modifi-
cations and variations of the present invention are possi-
ble in light of the above teachings. It is therefore to be
understood that within the scope of the appended
claims, the invention may be practiced.

The water producing apparatus of the present inven-
tion can effectively produce liquid water from moisture
in the air in practice.

We claim:

1. A water producing apparatus comprising: at least
one adsorbing column containing a moisture adsorbing
material;

means for introducing a moisture bearing gas into
each of said at least one adsorbing columns;

a condenser;

discharge passage means between each of said at least
one column and said condenser;

a water tank for holding water condensed in said
condenser;

a recycling passage connected between each of said
at least one adsorbing column and a portion of said
discharge passage located between said at least one
adsorbing column and said condenser; and

a heater adapted for heating the gas in said recycling
passage.

2. A water producing apparatus according to claim 1
wherein said adsorbent column, said heater and said
recycling passage are arranged in one casing.

3. A water producing apparatus according to claim 1
wherein heat of condensation generated in said con-
denser is recovered and supply it as a part of heat en-
ergy for said heater.

4. A water producing apparatus according to claim 1,
including a blower for feeding a gas containing mois-

_ture into said adsorbent column, said blower being

driven by a prime mover and the wasted heat of said
prime mover is supplied as at least a part of the heat
energy required for said heater.

5. A water producing apparatus according to claim 1
including a Rankine cycle engine using wasted heat of
said condenser, said engine providing power for feeding
said gas containing moisture to said adsorbent column.

6. The apparatus of claim 1 including valve means in
said means for iniroducing, said discharge passage
means and said recycling passage, whereby each said at
least one column can be selectively connected to said
means for introducing, or said discharge passage and
said recycling passage.

7. The apparatus of claim 1 wherein said water tank
%* * * * *
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