
1 DISTILLATION APPARATUS AND METHOD This invention relates to the field of
chemical engineering and to solute-solvent separation and more
particularly, to apparatus and method suitable for consumer and industrial
use in distilling of water. Techniques for the separation of a solute from
a relatively non-volatile solvent are well known and have been used for a
number of years. However, such techniques are often complex in operation,
inexpensive and consume large amounts of energy. Thus, 10       the
application of these techniques, on a large scale, is limited. For example,
the purification of water from a saline source or brackish supply or from
tap water, requires a considerable amount of structure. Various approaches
for water purification from sources 15      of the type described include
multi-stage flash evaporation making use of reduced pressure for
evaporation  reverse osmosis using hydrostatic pressures; vacuum freezing;
distillation (mostly batch type) based on the boiling of water; moisture
recovery 20       based on large amounts of air-water contact; and
electrodialysis based upon ion exchanges. The problems which the foregoing
approaches encounter are significant, such as the fabrication of special
membranes, and the use of special alloys for 25        protecting machinery
against corrosion or scaling. Many of these techniques also require high
energy consumption for mechanical or evaporation purposes. Similar
considerations are often involved in the    2 purification concentration
and separation techniques for solution of relatively non volatile solvents
or 



solutes. It is especially desirable to have available at a point of use,
purified water both for drinking and other purposes. Firstly, the health
benefits are well known; secondly, a centralized purified water supply
could not maintain its high quality if it is delivered through conventional
plumbing structures; thirdly, while there are water purification devices
which are commercially available, they are not modestly priced, and they
require frequent maintenance or replacement of key components while
consuming large amounts of energy during operation. Because of the numerous
problems associated with conventional structures mentioned above, it is
advantageous for household and public use to be able to conveniently and
economically purify water from water supplies at the point of use of the
water. The present invention relates in particular to improvements in
distillation apparatus and methods which will satisfy the need for such a
water source. According to one aspect of the present invention there is
provided a method as claimed in Claim 18 in which the liquid is formed into
a column having upper and lower ends and said aerating step comprises
creating air bubbles in the liquid column near the lower end thereof.
According to a further aspect of the invention there is provided
distillation apparatus comprising: a housing having therein a compartment
for receiving liquid to a predetermined level to leave a space above the
liquid, a lower fluid-receiving chamber and a fluid passage extending
between and in fluid communication with said space and fluid-receiving
chamber; means positioned in the housing adjacent to and below  said
liquid  level  for  heating  liquid  in  the compartment to form a vapor in
said space, and  



2a means positioned below said heating means for aerating liquid in the
compartment, the apparatus being constructed and arranged such that the
vapor in the space moves downwardly through the fluid passage to the
fluid-receiving chamber in heat exchange relationship with the liquid in
the compartment thereby causing the vapor to condense to form a distillate
separate from the liquid contained in the compartment in the
fluid-receiving chamber. The present invention is directed to an apparatus
and method of improved design for solvent- solute separation, particularly
the distillation of water.  The invention is especially adapted for
consumer or home use but it is capable of being made and operated so that
it is suitable for other point-of-use applications, such as offices and
industrial use, as well. The apparatus of the present invention includes a
housing having divider structure to form one or more compartments for
receiving water to be distilled.  The divider structure also presents a
fluid passage for receiving water vapor which is formed when    3 the upper
portion of the water in the housing is evaporated with a heater which heats
and maintains the water near its boiling temperature. An aerator is
provided in the housing below the heater and in a location within the water
compartment. The aerator operates to direct air under a slight pressure
into the water so that air bubbles 



can be generated in the water. The air bubbles will rise and break the
surface of the water as the upper 10    part of the water is being boiled
by the heater.  This causes a vapor pressure to be generated in the space
above the water level and water vapor is then caused to move through the
fluid passage downwardly to a lower chamber in which the water vapor is
collected as a 15    condensate.  As the water vapor moves downwardly in
the fluid passage, it moves in heat exchange relationship to the water in
the compartment of the housing; thus, the water in the compartment is
preheated while effectively reducing the temperature of the water vapor 20
to cause it to condense to form a distillate or condensate collectible in
the lower chamber from which the distillate in the form of distilled water
can be removed. Several embodiments of the housing of the 25    present
invention are disclosed herein.  In one embodiment, the housing is
comprised of a plurality of extended, vertical plates which are coupled
together to form a plurality of compartments and a plurality of fluid
passages with recesses being provided to 30    accommodate the aerator in
the lower part of the housing and to accommodate the heater in the upper
part of the housing. A control can be provided to assure that the water
level is always above the heater. Thus, the system can work on a continuous
or intermittent 35    basis to supply distilled or potable water in the
lower chamber.    4 In a second embodiment of the housing, the water
compartments are formed from cylindrical members which are concentric with
each other and which are 



above a lower chamber for receiving the distillate.  In 5    a third
embodiment, a single cylindrical wall surrounds a plurality of open top
tubes, with the region outside of the tubes being the water compartment and
the tubes being the fluid passages for water vapor. In all embodiments of,
the housing, the aerator and heater are provided such that the aerator will
generate air bubbles in the water which rise to the water surface as the
water near the surface is boiled by the heater to form water vapor under a
slight pressure which causes flow of the water vapor into and through the
passage or 15    passages for eventual condensation as it approaches the
lower chamber of the apparatus. One embodiment of the present invention
provides an improved apparatus and method for distillation of water,
wherein such apparatus and 20    method is suitable for home and other
point-of-use applications so as to provide potable water for human
consumption. A further embodiment of the present invention provides an
apparatus and method of the type described 25    wherein the apparatus is
of minimal size and operates to distill a relatively large volume of water
in a relatively short time and with a minimum of expenditure of energy. A
further embodiment of the present invention 30   provides an apparatus and
method of the type described in which the apparatus includes a combined
heat exchanger with solute-solvent separation capability designed to
operate in a manner to reduce energy requirements 35                A
further embodiment of the present invention provides an apparatus and
method for enhanced heat exchange with no moving parts involved in the
solute or   



solvent passing to the heat exchanger wherein the apparatus operates by
injection of gaseous bubbles which rise through the solution between
extended vertical plate to avoid the need for moving parts in 5    the
apparatus itself. Although the specific embodiments described herein relate
to water distillation, it will be appreciated that the invention relates to
the separation of any solute from a solvent or vice versa. 10  It could be
such that the concentrate is of interest rather than the distillate. In
this regard, for example, the apparatus and method of the present invention
may be used to concentrate juice or syrup or to separate alcohol from
water, or to concentrate some 15  mineral dissolved for recycle or waste
treatment.  In many cases, the aerator of the apparatus of the present
invention may operate on a suitable gas, such as nitrogen or argon, which
is inert to the solute or solvent of interest. 20             Fig. 1 is a
fragmentary perspective view of a first embodiment distillation apparatus
of the present invention, parts being broken away to illustrate details of
construction; Fig. 2 is a vertical section through the 25   apparatus of
Fig. 1, showing the plates which form parts of the apparatus: Fig. 3 is a
perspective view of a number of adjacent plates of the apparatus of Figs. 1
and 2; Fig. 4 is a perspective view of an alternate 30   form of the plates
for the apparatus of Figs. 1 and 2;    6 Fig. 5 is a perspective view,
partly broken 



away and in section, of a second embodiment of the apparatus of the present
invention; Figs 5A and 5B are cross-sectional and 5    perspective views,
respectively, of another embodiment of the apparatus; Fig. 6 is a view
similar to Fig. 5 but showing a third embodiment of the apparatus of the
present invention: and 10              Figs. 6A and 60 are top plan and
perspective views, respectively, of still another embodiment of the
apparatus. A first embodiment of the distillation apparatus of the present
invention is broadly denoted 15   by the numeral 10 and includes a housing
12 provided with a pair of opposed sides 14 and 16, a pair of ends 18 (only
one of which is shown in Fig. 2) and a bottom 20.  The housing also has a
top 22 coupled with the sides and ends and covering the top of the housing.
20              The interior of housing 12 is provided with a plurality of
vertical, substantially extended plates 23 which are spaced apart in a
manner to divide the interior of the housing into a set of water
compartments 26 and a set of fluid passages 24. 25   Passages 24 have open
bottoms 28 (Fig. 2) which communicate with a lower chamber 30 which is
adapted to receive and contain distilled water formed from the condensate
derived from a distillation process. The two plates 23 defining each second
compartment 26 have 30   converging lower ends which are interconnected at
location 32 (Fig. 2) to assure that the compartment 26 is out of fluid
communication with lower chamber 30 yet the water compartments 26 all are
in fluid communication with each other.    



7 An aerator  34 extends through a lower recess 35 in the plates 23 in the
lower portions thereof as shown in Fig. 1 and 2. Aerator 34 is a hollow,
box-like structure which has a perforate surface 36 5    (Fig. 1).  A tube
40 is provided to couple the aerator 34 with a source of air pressure such
as the outlet of a blower or compressor (not shown). Each fluid passage 24
is isolated from compartments 26 and from the regions around aerator 34 10
by proper sealing at top 42, at bottom 44 and at sides 46 (Fig. 1)
However, compartments 26 are in fluid communication with the region
adjacent to aerator 34. Thus, when water is in housing 12 u to a level 46
(Fig. 2), the water will reside in compartments 26 and 15    in the recess
35 surrounding aerator 34; thus, the compartments 26 are all in fluid
communication with each other and out of fluid communication with fluid
passages  24.   Since each passage 24 is between a pair of adjacent
compartments 26, the fluid in passages 20    24 is in heat exchange
relationship with the water in adjacent compartments 26. A water heater 50
is mounted in housing 12 near the upper end thereof. Heater 50 can be of
any suitable type, such as an electrical heater, a solar 25    heater, a
gas heater or the like. For purposes of illustration, heater 50 is shown in
Figs. 1 and 2 as being comprised of-a pair of tubes 52 which are parallel
to each other and extend in a recess 37 in the plates in the housing (Fig.
1). The recess 37 is 30    similar to the recess 35, or can be identical to
recess 35, is in fluid communication with compartments 26 but is out of
fluid communication with each fluid passage 24 by virtue of a pair of side
panels 54 and a bottom panel 56 which are coupled together and to
respective, 35    adjacent plates 23.  Each side panel 54 has an upper 



opening 58 therethrough which places the upper part of recess 37 in fluid
communication with the corresponding    8 fluid passage 24. .Openings 58
are also above water. level 48.  Top 22 covers the housing 12 and is above
the upper ends of fluid passages 24 and compartments 26 to allow the
passages of water vapor to fluid passage 5   24.  One or more vent holes 25
are also provided on cover 22 for venting some volatile substances. In
operation, water to be distilled is directed into housing.12 in some
suitable manner, such as through an opening 29 in one side of wall 14 (Fig.
10    1).  The water is directed into the housing up to a level 46 above
heater 50. When the proper water level has been reached, aerator 34 is
energized to cause air to issue from the aerator and to rise in the water
through compartments 26 as shown in Fig. 2. The heater 15    will have been
energized-as well to cause boiling of the water near the upper water level
48 and to cause vapor to be formed above the water level 48. The vapor will
be under a certain pressure in the space above water level 48 by virtue of
the 20    continuous rise in air bubbles from aerator 34.  This vapor
pressure is sufficient to cause the vapor to be forced into openings 58 and
the upper ends of passages 24 (Fig. 1) and then into and downwardly through
fluid passages 24 where the vapor condenses as  condensate 25    which
gravitates into lower chamber 30 through the bottom openings 28. A drain
tube 60 is provided for drawing off the condensate from lower chamber 30.
Water can be added as needed to housing 12 by use of a tube (not shown)
under the control of a level 30    sensor which operates a valve which
directs water into 



opening 29 and into housing 12.  In this way, the upper level 48 of the
water can be kept at a particular height in the housing so that the heater
will always be submerged in the water and will continuously create 35
vapor above the water level.  An opening 39 is further introduced into
housing 12 for exiting the water from water compartment for cleaning
purposes.    9 Fig. 3 shows a second embodiment of the plate structure for
housing 12. As shown in Fig. 3, plates 23a and 23b are joined together
along adjacent outer, vertical edges 23c. This is to be compared with the
embodiment of the plates shown in Figs. 1 and 2 in which the plates are
parallel completely throughout and are joined at their outer ends by outer
walls of 23d (Fig. 1).  The plate structure shown in Fig. 3 also includes
the lower recess 35 for receiving the aerator and the upper recess 37 for
receiving the heater. Fig. 4 shows still another embodiment of the plate
structure of the present invention, the plates 23 each having projections
23f and 23g'projecting from one face 23h thereof to form serpentine paths
as shown by the arrows for the flow of air bubbles upwardly in compartments
26 and for the flow of water vapor downwardly through the passages 24. The
plates can be made of metal, plastics or glass. The thickness of one plate
can be typically 0.005 to 0.127cm (0.002 to 0.050 inches). Projections 23f
and 23g on the plates increase the path lengths of the flow of the air
bubbles and the water vapor so as to have greater heat exchange to assure
that the latent heat of condensation of vapor is utilized for evaporation
of the water, and thus minimize the energy 



required. The projections 23f and 23g may take various shapes. The height
of the projections 23f and 23g, also defining the width of the fluid
passage, such as 24, or the water compartment, such as 26, can typically be
from 0.159 to 1.905cm (0.063 to  0.75 inches). Fig. 5 shows another
embodiment of the apparatus of the present invention, the apparatus being
denoted by the numeral 70 and including a cylindrical housing 72 having a
bottom 74 above which is a lower chamber 76 for receiving a distillate
which is in the form of a condensate formed by the condensation of water
vapor derived from water distilled in the    10 housing. To this end,
housing 72 includes a first pair of concentric cylindrical wall members 74
and 76 which are spaced apart from each other and from the outer wall 78 of
the housing to form a pair of cylindrical 5    water compartments 80 and
82, respectively.  These compartments are adapted to be filled with water
to a certain level and the inner compartment 80 surrounds a cylindrical
fluid passage 84 which is bounded thereof by the cylindrical wall members
74. Inner wall 74 10    surrounds a central open space 88 which
communicates with water compartments 80 and 82 through 100 so that the
level of the water in central space 88 is at level 92, the same level of
the water in compartments 80 and 82. The upper part of opening 88 above
level 92 is in 15    fluid communication with fluid passage 84. A
ring-shaped heater 90 is mounted in some suitable manner in housing 72 near
the upper level 92 of the water in central space 88. The heater is below
the water level 92 and is adapted to be energized so 20    that the water
adjacent to the heater is boiled to form 



water vapor in the space 88 above the water level. A ring-shaped aerator 94
is in the housing below heater 90 near the lower end of space. A suitable
fluid pressure device, such as a blower, 25    coupled to the entrance end
96 of aerator 94, forces air into and through the perforations in the
surface of the aerator 94. Thus, air bubbles are caused to rise in the
water to be distilled in space 88 when the aerator is actuated. 30
It is  appreciated that multiple ring-shaped heaters and aerators can be
arranged in water compartments, such as 82 and 80. And more than two water
compartments can be adopted. Figs. 5A and 5B show such arrangements of
multiple compartments where 35    heaters 90 and 91 and fluid passages 86,
84 and 83 are shown. The vertical plate structure as shown in    Fig. 4 can
also be readily applied to the cylindrical walls. In operation, the aerator
is actuated to cause air bubbles to flow upwardly as shown in Fig. 5.
Heater 90 is also energized to heat and boil the upper portions of the
water below the water level 92. As the bubbles rise and as the water boils,
vapor pressure is established above water level 92 and space 88.  The water
vapor will flow because of the vapor pressure 10   into and through fluid
passage 84 toward the lower chamber 76 in which the water vapor is
collected. As the water vapor flows downwardly through passage 84 and 86,
it moves in heat exchange relationship to the water in space 88 and in
compartments 80 and 82, so that the 15   water vapor is cooled and thereby
condensed at a higher rate while the heat from the water vapor is
conducted. through cylindrical walls 74 and 76 to thereby preheat 



the water and provide for energy savings as a result. Water is continuously
directed into the 20   housing 72. through a pipe coupled with a water
passage 98 (Fig. 5).  To this end, a level sensor (not shown) can be
provided to-sense the upper level 92 at all times to assure that it does
not drop below the upper surface of heater 90. 25              Another
embodiment of the apparatus of the present invention is shown in Fig. 6 and
is similar in construction to the embodiment of Fig. 5 in that a
cylindrical housing 112 has a ring-shaped aerator 114 and a ring-shaped
heater 116 therein at vertically 30    spaced locations within the interior
region 118 of the housing. Fig. 6B shows another design of the heater 116
at the upper part of the housing 112. And Fig. 6A shows a flat aerator 114
at the lower part of the housing 112. Air bubbles arise from the aerator
114 35    and surround fluid passage tubes 122 all over.  A suitable fluid
pressure device can be coupled to an entrance port 130 for the generation
of bubbles.    12 Water is allowed to be directed into the housing 112
through a hole 120.  Water vapor generated by the boiling of water above
heater 116 flows into and through open top tubes 122 which define fluid
passages 5    communicating at their lower ends with a lower chamber 124 at
the bottom of housing 112. Tubes 122 can be interwined or serpentine shape
as to extend the length for further heat exchange (not shown). In
operation, when aerator 114 is energized, 10    air bubbles are caused to
rise in space 118 and the air bubbles move past heater 116 while the heater
boils the water adjacent thereto. The flow of air bubbles in the 



space 118 above the water level causes a vapor pressure to be created which
induces a flow of water vapor into 15    the open tops of tubes 122 and
then downwardly through the tubes while the water surrounding the tubes is
in heat exchange relationship to the fluid flow thereto. This causes the
water vapor to condense to form a distillate which gravitates into lower
chamber 124 from 20    which the distillate can be periodically taken, such
as through a passage or a tube 126. 25 30 35    13 CLAIMS: 1.
Distillation apparatus comprising: a housing having therein a compartment
for receiving liquid to a predetermined level to leave a space above the
liquid, a lower fluid-receiving chamber and a fluid passage extending
between and in fluid communication with said space and fluid-receiving
chamber; means positioned in the housing adjacent to and below said liquid
level for heating liquid in the compartment to form a vapor in said space,
and means positioned below said heating means for aerating liquid in the
compartment, the apparatus being constructed and arranged such that the
vapor in the space moves downwardly through the fluid passage to the
fluid-receiving, chamber in heat exchange relationship with the liquid in
the compartment thereby causing the vapor to condense to form a distillate
separate from the liquid contained in the compartment in the
fluid-receiving chamber. 2.        Distillation apparatus as claimed in
Claim 1 



further comprising a plurality of generally vertical plates dividing the
housing into a plurality of liquid-receiving compartments and a plurality
of fluid passages. 3.        Distillation apparatus as claimed in Claim 2
in which a fluid passage is provided between each pair of adjacent
liquid-receiving compartments, respectively. 4.        Distillation
apparatus as claimed in Claim 2 or Claim 3 in which a first recess is
formed in the plates, said heating means extending through the first
recesses, and a second recess is formed in the plates below the first
recess, said aerator means extending though the second recesses.    -14- 5.
Distillation apparatus as claimed in any one of Claims 2 to 4 in which the
plates are vertically extended and have a pair of opposed sides, one side
of each plate having a number of projections thereon to form a serpentine
fluid path for fluid flowing past the sides of the plates. 6.
Distillation apparatus as claimed in Claim 5 in which the projections are
horizontally staggered between the upper and lower edges of the plates. 7.
Distillation apparatus as claimed in any one of Claims 2 to 6 in which the
housing is provided with a pair of opposed sides and a pair of opposed
ends, the plates being generally parallel to the ends and generally
perpendicular to the sides. 8.        Distillation apparatus as claimed in
Claim 1 in which the housing includes a cylindrical outer side wall, the
housing and a plurality of cylindrical spaced inner walls concentric with
the outer wall, the spaces between the walls representing the fluid passage
and the liquid- receiving compartment. 9.        Distillation apparatus as
claimed in Claim 8 in 



which the heating means comprises a ring-like body in the liquid-receiving
compartment generally concentric with the inner walls. 10.
Distillation apparatus as claimed in Claim 8 or Claim 9 in which the
aerating means comprises a ring-like body  in  the  liquid-receiving
compartment  generally concentric with the inner walls of the housing. 11.
Distillation apparatus as claimed in Claim 1 in which the housing includes
a cylindrical outer side wall defining the liquid-receiving compartment,
there being a plurality of tubes extending within the housing and    -15-
defining the fluid passages, the upper end of the tubes being open and in
fluid communication with said space, the lower ends of the tubes being in
fluid communication with the fluid-receiving chamber and defining the fluid
passages. 12.       Distillation apparatus as claimed in Claim 11 in which
the housing has a cylindrical outer side wall, said heating means
comprising a curved body having a central axis generally coincident with
the central axis of the housing. 13.       Distillation apparatus as
claimed in Claim 11 or Claim 12 in which the aerator means comprises a
curved body generally concentric with the outer side wall of the housing.
14.       Distillation  apparatus  as  claimed  in  any preceding Claim in
which the housing comprises passage means for admitting liquid to said
liquid-receiving compartment to keep the liquid at said liquid level. 15.
Distillation  apparatus  as  claimed  in  any preceding Claim in which the
aerating means is coupled with an air pressure source external to the
housing. 



16.       Water distillation apparatus as claimed in Claim 1 substantially
as herein described with reference to any of the accompanying drawings. 17.
A method of distilling liquid comprising: aerating a volume of liquid in a
compartment at a location near the lower level of the liquid; heating the
volume of liquid near the upper level thereof as the liquid is aerated, to
thereby form a vapor in a space above the liquid level;    -16- allowing
said vapor to move from said space through a fluid passage in heat exchange
relationship with the liquid in the compartment to condense the liquid to
form a condensate, and collecting the condensate in a fluid-receiving
chamber. 18.       A method as claimed in Claim 17 in which the liquid is
formed into a column having upper and lower ends and said aerating step
comprises creating air bubbles in the liquid column near the lower end
thereof. 19.       A method as claimed in Claim 18 in which the liquid is
formed into a plurality of said liquid columns. 20.       A method as
claimed in Claim 18 or Claim 19 in which said heating step includes heating
the liquid in each column near the upper end thereof. 21.       A method as
claimed any one of Claims 17 to 20 in which allowing said vapor to move
from said space through said fluid passage includes presenting a number of
vertical and serpentine fluid passages in fluid communication with said
fluid-receiving chamber. 22.       A method as claimed in any one of Claims
18 to 20 in which the liquid column(s) and the fluid passage(s) are
cylindrical in shape. 



23.       A method as claimed in Claim 22 in which the fluid passage(s) is
concentric to the liquid column(s). 24.       A method as claimed in Claim
22 or Claim 23 in which the fluid passage(s) is surrounded by the liquid
column(s).    -17- 25.       A method as claimed in any one of Claims 18 to
24 in which the heating step involves providing a zone of heating
concentric with the liquid column(s). 26.       A method as claimed in any
one of Claims 18 to 25 in which the aerating step involves providing a zone
of aeration concentric to the liquid column(s). 27.       A method of
distilling water as claimed in Claim 18 substantially as herein described
with reference to any of the accompanying drawings.    


