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(57) ABSTRACT 

An apparatus and method for extracting water from air in 
which a refrigeration system includes a cooling element to 
condense water from air. A first water vessel defines an inner 
Volume. The first water vessel stores the water collected from 
the cooling element. An oZone device generates OZone inside 
the inner volume of the first water vessel. The ozone device 
provides the ozone to the water to resist bacteria and contami 
nants. 
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1 to 2 = Compression of Vapor 
2 to 3 = Vapor superheat removed in Condenser 
3 to 4 = Vapor converted to liquid in condenser 
4 to 5 = Liquid flashes into liquid + vapor across expansion valve 
5 to 1 = Liquid + vapor converted to all vapor in evaporator 

Superheated ... 
f. Vapors. 

Liquid + Vapor . Vapor 

FIG. I. I 
PRIOR ART 

  



Patent Application Publication Apr. 8, 2010 Sheet 12 of 12 US 2010/0083.676 A1 

Compressor 

Evaporator Condensor 

Expansion 

Liquid + Vapor Liquid 

TYPICAL SINGLE-STAGE 
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WATER PRODUCTION SYSTEMAND 
METHOD WITH OZONE RECHARGE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 61/102,120, entitled “Methods and Sys 
tems for Potable Water Production, filed Oct. 2, 2008, and to 
U.S. Provisional Application Ser. No. 61/184,956, entitled 
“Method And System For Water Recovery From Air Using 
Combined Receiver And Water Cooled Condenser filed Jun. 
8, 2009, the entirety of both of which are incorporated herein 
by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

FIELD OF THE INVENTION 

0003. The present invention relates generally to produc 
tion of water, and more specifically to improved systems and 
methods for extracting water from water vapor, for example 
from the atmosphere. 

BACKGROUND OF THE INVENTION 

0004 Ambient air naturally contains some quantity of 
water vapor, so the general atmosphere is a potential water 
source. Extracting this water from the surrounding atmo 
sphere presents several challenges. Other attempts to produce 
water from atmospheric air have typically fallen short of the 
desirable criteria, including efficiency in the amount of water 
produced per the amount of energy used, extracting the great 
est possible percent of the moisture available in the air under 
local conditions, and producing acceptable quantities of 
water at all times of day and in various weather, seasons, and 
climates. Therefore, atmospheric water vaporis an essentially 
untapped source of greatly needed water Supplies that is 
potentially available worldwide. 
0005 Refrigeration systems have been known for some 
time. Vapor-compression cycle refrigeration systems are 
most common today, but other types of refrigeration are pos 
sible including gas absorption and heat pumps. A refrigera 
tion system may provide one or more closed-loop circuits for 
a refrigerant medium. If the refrigeration system uses a vapor 
compression cycle, it may include a compressor, evaporator, 
expansion valve, and condenser. 
0006 Diagrams of an example vapor compression refrig 
eration system, and its thermodynamic operation, are shown 
in FIGS. 10-12. For example, a compressor may compress a 
refrigerant from a saturated vapor state to a Superheated vapor 
state. A condenser may then remove the Superheated condi 
tion from the refrigerant vapor, and then condense the refrig 
erant to a saturated liquid State. Across an expansion valve, 
the refrigerant may become mixed States of liquid and vapor. 
And an evaporator may convert the refrigerant back to Satu 
rated vapor. During this cyclical process, an external Surface 
of the evaporator will become cold. Some form or variation of 
this process may be used in refrigerators, freezers, and air 
conditioning systems. 
0007 Most refrigeration systems have some cooling ele 
ment, through which airpasses to shed heat and reach a lower 
temperature. In a vapor compression cycle refrigeration sys 
tem, the cooling Surface of the cooling element will be an 
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exterior Surface of the evaporator. An evaporator having a 
temperature of at most a dew point of air contacting the 
evaporator will cause liquid water to condense on an exterior 
surface of the evaporator. 
0008. Whenever this cooling element has a temperature at 
or less than the local dew point of the air, water vapor in the air 
will tend to condense into droplets of liquid water. When a 
cooling element has a temperature at or less than the freezing 
point of water, such as in a freezer, water vapor in the air will 
tend to condense and then freeze into ice. 
0009. In most residential and commercial refrigeration 
systems, this condensation is considered undesirable, and 
Some refrigeration systems even have features for ameliorat 
ing them. However, the principles causing Such condensation 
can be used to produce liquid water from water vapor in 
atmospheric air. 
00.10 Exemplary methods of water production and 
accompanying apparatus are described in U.S. Pat. No. 6,343, 
479, entitled “Potable Water Collection Apparatus” which 
issued on Feb. 5, 2002, and U.S. Pat. No. 7,121,101, entitled 
“Multipurpose Adiabatic Potable Water Production Appara 
tus And Method’ which issued on Oct. 17, 2006, the entire 
contents of both of which are incorporated by reference. 
0011. These patented methods and devices present viable 
means of extracting liquid water from atmospheric air, 
including apparatus for transforming atmospheric water 
vapor into potable water, and particularly for obtaining drink 
ing quality water through the formation of condensed water 
vapor on Surfaces maintained at a temperature at or below the 
dew point for a given ambient condition. The Surfaces upon 
which the water vapor is condensed are kept below the dew 
point by a refrigerant medium circulating through a closed 
fluid path, which includes refrigerant evaporation apparatus, 
thereby providing cooling of air flowing through the device, 
and refrigerant condensing apparatus to complete the refrig 
eration cycle. 
0012. However, while these devices extract water from the 
atmosphere, purifying the extracted water is needed to 
remove any potentially harmful impurities that may be 
present or have entered the system. Such impurities may 
result, for example, from collection on the surface of the 
evaporator or from allowing the water to sit in the collection 
vessel or plumbing conduits. It is desirable to provide a water 
production system with a system and method to purify water 
extracted from water vapor in the air. 

SUMMARY OF THE INVENTION 

0013 The present invention advantageously provides a 
system, device and method for extracting water from air using 
a refrigeration system having an oZone recharge feature. 
0014. In accordance with one aspect, the present invention 
provides an apparatus for extracting water from air in which 
a refrigeration system includes a cooling element to condense 
water from air. A first water vessel defines an inner volume. 
The first water vessel stores the water collected from the 
cooling element. An oZone device generates oZone inside the 
inner volume of the first water vessel. 
0015. In accordance with another aspect, the present 
invention provides an apparatus for extracting water from air 
in which a refrigeration system includes a first cooling ele 
ment and second cooling element. The first cooling element is 
operable at a temperature of at most a dew point of air con 
tacting the cooling element to cause liquid water to condense 
on an exterior surface of the first cooling element. A first 
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water vessel defines an inner volume and stores the water 
collected from the exterior surface of the cooling element. An 
oZone device generates oZone inside the inner Volume of the 
first water vessel. A second water vessel is coupled to second 
cooling element. A first conduit transports water from the first 
water vessel to the second water vessel. A pump coupled to 
the first conduit is operative to move water from the first water 
vessel to the second water vessel. A second conduit has a first 
portion coupled to the second water vessel and has a second 
portion positioned within the first water vessel. The second 
conduit transports water from the second water vessel back to 
the first water vessel. 
0016. In accordance with still another aspect, the present 
invention provides a method of extracting water from air 
using a water production system in which the water produc 
tion system includes a first water vessel and a refrigeration 
system having a cooling element to condense water from the 
air. The condensate water is collected in the first water vessel. 
Ozone is added to the collected water. 
0017. A more complete understanding of the present 
invention, and its associated advantages and features, will be 
more readily understood by reference to the following 
description and claims, when considered in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. A more complete understanding of the present 
invention, and the attendant advantages and features thereof, 
will be more readily understood by reference to the following 
detailed description when considered in conjunction with the 
accompanying drawings wherein: 
0019 FIG. 1 is a diagrammatic side view of an exemplary 
water production system, constructed in accordance with the 
principles of the present invention; 
0020 FIG. 2 is a diagrammatic side view of an exemplary 
water production system, constructed in accordance with the 
principles of the present invention; 
0021 FIG. 3 is a diagrammatic side view of an exemplary 
water production system, constructed in accordance with the 
principles of the present invention; 
0022 FIG. 4 is a partial perspective view of an exemplary 
water production system constructed in accordance with the 
principles of the present invention; 
0023 FIG. 5 is a partial perspective view of an exemplary 
water production system constructed in accordance with the 
principles of the present invention; 
0024 FIG. 6 is a diagrammatic top view of the exemplary 
water production system of FIG. 4; 
0025 FIG. 7 is a diagrammatic side view of the exemplary 
water production system of FIG. 4; 
0026 FIG. 8 is a partial exploded view of refrigeration 
system components of an exemplary water production sys 
tem, constructed in accordance with the principles of the 
present invention; 
0027 FIG.9 is a partial exploded view of refrigeration and 
structural components of an exemplary water production sys 
tem, constructed in accordance with the principles of the 
present invention; 
0028 FIG. 10 is a psychrometric chart of water, showing 
the physical properties of moist air at sea level; 
0029 FIG. 11 is a representative diagram of temperature 
and entropy for an exemplary refrigerant; and 
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0030 FIG. 12 is a representative diagram of a known 
refrigeration system. 

DETAILED DESCRIPTION OF THE INVENTION 

0031. The present invention advantageously provides an 
improved system and method for extracting water from water 
vapor, for example from the atmosphere. The water produc 
tion system of the present invention may have various sizes, 
arrangements and features. 
0032 Some aspects of the present invention relate to com 
binations of components and method steps for implementing 
systems and methods to improve the efficiency and operation 
of water production systems. Accordingly, some components 
have been represented where appropriate by conventional 
symbols in the drawings, showing only those specific details 
that are pertinent to understanding the embodiments of the 
present invention, so as to avoid details that will be readily 
apparent to those of ordinary skill in the art having the benefit 
of this description. 
0033 Relational terms, such as “first” and “second,” “top” 
and “bottom, and the like, may be used solely to distinguish 
one entity or element from another entity or element, without 
necessarily requiring or implying any physical or logical 
relationship or order between such entities or elements. 
0034 Referring to the drawings, various embodiments of 
water production devices are illustrated. The illustrations of 
course depict only some of many different possible designs 
that are within the scope of the present invention. In particu 
lar, the present invention encompasses water production sys 
tems having numerous combinations of elements, and the 
description of any element also contemplates providing more 
than one of that element. For clarity and convenience, the 
present detailed description will only describe a few specific 
embodiments of the present invention. 
0035 An apparatus for extracting water from the water 
vaporin atmospheric air may generally include a refrigeration 
system having a cooling element with a water basin for col 
lecting water as it condenses on the cooling element, as well 
as one or more systems and faucets for providing potable 
water. The cooling element has a temperature of atmosta dew 
point of air contacting the cooling element, so that liquid 
water condenses on an exterior Surface of the cooling ele 
ment. 

0036. The refrigeration system may be of various types, 
including vapor-compression cycles, gas absorption and heat 
pumps. Regardless of which type of refrigeration system is 
chosen, the refrigeration system should have at least one 
cooling element, with an exterior cooling Surface. During 
operation, the cooling Surface is maintained at a temperature 
which is at or less than a dew point of air. In other words, 
atmospheric air flowing through a water production system 
can contact a cooling element of a refrigeration system having 
a temperature of at most the dew point, to cause liquid water 
to condense on a cooling Surface. 
0037. An example water production system may include 
for example, a first and second cooling element, a first and 
second water vessel, and an oZone device for generating 
ozone inside the first water vessel. The first water vessel may 
be positioned proximate to the first cooling element for col 
lecting water condensing on its exterior Surface. The second 
water vessel may be positioned proximate to the second cool 
ing element for holding water chilled by the second cooling 
element. A first and second conduit may also be provided for 
transporting water to and from the first and second water 
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vessels. According to Some of the principles of the present 
invention, an apparatus and method may be used to optimize 
pure water production, which may include maintaining a 
desired amount of chilled potable water. 
0038. With specific reference to the drawings, in which 
like reference designators refer to like elements, an exem 
plary diagram of a water production system is shown in FIG. 
1, and is generally designated as “10.” In this particular illus 
trated example, water production system 10 has a refrigera 
tion system 12, which may be of any suitable type, and may 
have various arrangements of refrigeration components. If 
the refrigeration system is of the vapor-compression type, it 
may include for example at least one compressor, evaporator, 
expansion valve, and condenser. The refrigeration system 
may provide one or more closed-loop circuits for a refrigerant 
medium. 
0039. In the diagram of FIG. 1 for example, a refrigeration 
circuit may be arranged from a compressor 20, to a first 
condenser 22, to a second condenser 24, to an optional Sub 
cooler 14, to an expansion valve 26, to an evaporator 28, and 
back to the compressor 20. A refrigerant medium may pro 
ceed in a closed-loop path around the components and con 
duits of the refrigeration system. 
0040. For example, a refrigerant in a saturated liquid state 
may cross expansion valve 26, becoming mixed states of 
liquid and vapor. Evaporator 28 may then convert the refrig 
erant back to Saturated vapor. An external Surface of the 
evaporator 28 may accordingly be cooled to a temperature at 
or below the local ambient dew point of air, which will tend to 
cause liquid water to condense from water vapor in the air. 
The resulting cooled liquid water will tend to condense and 
fall from the evaporator 28, into water basin 16. 
0041 Continuing a refrigeration cycle description, the 
compressor 20 may then compress refrigerant from a satu 
rated vapor state to a Superheated vapor state. The first con 
denser 22 may then remove the superheated condition from 
the refrigerant vapor, thus acting as a de-Superheater. The 
second condenser 24 may then condense the refrigerant to a 
saturated liquid state. Then, Subcooler 14 may use water in the 
water basin 16 to further cool the saturated liquid refrigerant. 
The subcooler 14 may thus serve as a reservoir for liquid 
refrigerant until needed, based on demand through the expan 
sion valve. 
0042 Passing the tubing of the subcooler through water 
transfers heat from the refrigerant inside the subcooler by 
conduction, and by Some water flow through the water basin 
into the water collection vessel, rather than merely by con 
vection alone with the air. Also, water in the water basin will 
tend to have a temperature lower than the ambient air tem 
perature, having fallen from condensation in contact with the 
cooler external Surfaces of the evaporator. Accordingly, the 
water in the water basin is even more effective than ambient 
air, for example, to cool the refrigerant inside the Subcooler. 
0043. A subcooler may have various desired arrange 
ments, such as for example a conduit or tube having any 
Suitable shape, including straight, curved, undulating, convo 
luted, sinusoidal, coiled, spiral, etc. The Subcooler may also 
have either a two-dimensional or three-dimensional shape or 
pattern. If desired, a subcooler may have bends that are 
Smooth and arcuate, to facilitate flow of refrigerant through it. 
Also, it may be desirable to provide a convoluted shape of 
Some kind, to maximize the external Surface area of the Sub 
cooler in contact with water in the water basin. Such a larger 
Surface area will tend to consequently maximize heat transfer 
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from the refrigerant inside the subcooler to the water in the 
water basin. Accordingly, a Subcooler may increase efficiency 
of the refrigeration system, and lower operating costs of the 
water production system. 
0044) The water basin may also be fitted with a mechanism 
for maintaining a desired amount of water in the water basin, 
so that the subcooler remains submerged. Such a water-level 
maintaining mechanism may have any Suitable configuration, 
including a float-actuated device, servo mechanism, or the 
illustrated example of a drain tube 32. Drain tube 32 may be 
arranged vertically, with an inlet port 34 inside the water basin 
at an elevation or a vertical position above the Subcooler, and 
an outlet port 36 opening above the water collection vessel 18. 
0045. Accordingly, water basin 16 will tend to initially fill 
with water until the level reaches the elevation of the drain 
tube 32 inlet port, which is vertically positioned to completely 
submerge the subcooler in water. Additional water will then 
tend to drain into the inlet port 34, through drain tube 32, 
exiting from outlet port 36 and into water collection vessel 18. 
0046. As indicated by the arrows in FIG.1, airflow may be 
provided to or by the water production system, passing 
through the refrigeration system and particularly through the 
evaporator and condensers. Of course, the air flow may be 
natural or forced, with or without an air movement device 
Such as a fan. 
0047 Another embodiment may provide one or more 
additional refrigeration systems. For example, a water pro 
duction system may include more than one refrigeration sys 
tem 

0048 For example, the water production system shown in 
FIG. 2 provides a first and second refrigeration system, each 
arranged in a similar fashion and defining separate closed 
loop refrigerant paths. The two refrigeration systems include 
two compressors 38 and 40, two matching pairs of evapora 
tors 58, 60, 62 and 64, two water-cooled subcoolers 50 and 52, 
two pairs of expansion valves 54.55,56, and 57, and two pairs 
of condensers 42, 44, 46 and 48. An air movement device such 
as a fan 66 may be used to cause air flow, for example in the 
direction of the arrows in FIG. 2. 
0049. An example cold water refrigeration circuit of a 
potable water collection apparatus, constructed in accordance 
with the principles of the present invention, is described with 
reference to FIG. 3. The particular embodiment shown in 
FIG. 3 depicts an exemplary water production system for 
extracting potable water from the atmosphere, including a 
compressor 124, a first condenser 68 and a second condenser 
70, a water-cooled subcooler 72, an expansion valve 74, and 
one or more evaporators 76. First condenser 68 may be pro 
vided to perform the role of a de-superheater. A housing 78 
may include an air inlet 80 and an optional air bypass inlet 82. 
into which ambient air may be pulled by way of a fan 84. The 
air may then be evacuated at an exit opening in the housing 78 
where the fan 84 is generally positioned. The amount of 
bypass air introduced into the housing 78 through the air 
bypass inlet 82 relative to the airflowing into inlet 80 may be 
controlled and modulated by a valve or damper 86. In one 
embodiment, damper 86 may be operated by a stepper motor, 
servo, or other controller, which in turn may be manually 
controlled or coupled with a microcontroller to cause the 
operation and adjustment of damper 86 based on environmen 
tal or other conditions. 
0050. The optional bypass inlet 82 and the associated 
damper 86 may be physically located between the condenser 
70 and the evaporator 76. At lower temperatures, the damper 
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may be closed, thereby allowing more air to flow over evapo 
rator 76. At higher temperatures, the damper 86 may be 
opened, allowing more air over condensers 68 and 70 in 
comparison to the amount of air flowing over evaporator 76. 
Less air flowing over evaporator 76 means a lowering of the 
temperature of the refrigerant in evaporator 76. With damper 
86 open, the needed air pressure may drop to about 8 pounds 
perminute, requiring less energy to operate. If the dimensions 
of bypass air inlet 82 are made larger relative to air inlet 80, 
the required air pressure may be able to be lowered to approxi 
mately 5 pounds per minute. 
0051 Air entering housing 78 through air inlet 80 passes 
through evaporator 76 and then de-superheater 68 or con 
denser 70. Evaporator 76, de-superheater 68 and condenser 
70 operate as known in the art based on the flow of refrigerant 
through the refrigeration components. Air entering housing 
78 through air bypass inlet 86 passes through de-superheater 
68 or condenser 70, and bypasses evaporator 76. 
0052. The refrigerant flow of the present invention may be 
described as follows. Refrigerant is compressed by compres 
sor 124 and flows through a conduit to de-superheater 68 and 
then condenser 70, where it collects in water-cooled sub 
cooler 72. This portion of the refrigeration system may be 
referred to as a main portion. The refrigerant then flows 
through thermostatic expansion Valve 74 and through evapo 
rator 76. This portion of the refrigeration system may be 
referred to as a first branch portion. Thermostatic expansion 
valve 74 is controlled by temperature sensing bulb 88. Tem 
perature sensing bulb 88 is in contact with the Suction line 
after the evaporator 76, and measures the temperature of the 
refrigerant leaving evaporator 76. As the temperature of 
evaporator 76 increases, more refrigerant is needed to effect 
the extraction of the water from the air by maintaining or 
lowering the surface temperature of the evaporator 76. As the 
temperature of the refrigerant exiting evaporator 76 increases, 
the pressure in temperature sensing bulb 88 increases, thereby 
exerting pressure on a diaphragm inside the expansion valve 
74, which in turn allows increased refrigerant flow through 
expansion valve 74. This action allows the surface of evapo 
rator 76 to be maintained below the dew point of ambient air 
at a wide range of ambient air temperatures. In operation, air 
flowing through the evaporator 76 gives up its heat, thereby 
causing water vapor within the air to condense on the Surface 
of evaporator 76 and fall into a collecting tray90. 
0053 Water-cooled subcooler 72 allows additional refrig 
erant to be stored within the refrigerant path, such that it is 
readily available for use when conditions require additional 
refrigerant as noted above. By maintaining collected water in 
collecting tray90, water-cooled subcooler 72 is submerged in 
water that has been recently condensed, and cooled to a tem 
perature at or near to the temperature of evaporator 76. Water 
at this cooler temperature increases the efficiency of the 
water-cooled subcooler. 
0054 The refrigerant flow also includes a path through an 
auxiliary evaporator 92 via a second expansion valve 94. In 
operation, this allows some compressed refrigerant to bypass 
around the evaporator 76, thereby flowing through auxiliary 
evaporator 92. This portion of the refrigeration system may be 
referred to as a second branch portion. Auxiliary evaporator 
92 may have any Suitable shape, including coiled, undulating 
or convoluted, and surrounds chilled water vessel 96. Water 
inside chilled water vessel 96 is thereby cooled, and the 
evaporated refrigerant enters compressor 124 to begin the 
refrigeration cycle again. 

Apr. 8, 2010 

0055. The water extracted from ambient airflows through 
the water production system shown in FIG. 3 as follows. 
Water collects in collecting tray 90, and a drain tube 98 may 
be arranged within collecting tray90. Accordingly, after the 
water rises to a predetermined level that is sufficient to sub 
merge the water-cooled subcooler 72, additional water drains 
through drain tube 98 and into a water tank 100. 
0056. An ozone recharging circuit may be provided in 
accordance with the principles of the present invention. Water 
purity in the water production system may be enhanced by 
adding an amount of oZone in the water delivery components, 
which may include the primary water vessel, e.g., the water 
tank 100, the chilled water vessel 96, the pump 108, and the 
connecting plumbing conduits or tubing. A circuit may be 
formed of these parts So that oZonated water may be pumped 
from the primary water vessel through these water delivery 
components, and returned cyclically to the primary water 
vessel. An embodiment of the present invention adds an 
oZone recharging cycle which assures that water left in the 
plumbing conduits or tubing contains a sufficient amount of 
ozone to resist the formation of bacteria. 
0057 The ozonating cycle may begin by activating a 
Switch, such as for example a Solenoid Switch (not shown), 
which opens a valve and causes the pump and oZone genera 
tor to start operating. The ozone diffuser located next to the 
pickup tube in the storage vessel causes oZonated water to be 
drawn into the plumbing conduits or tubing, into the chilled 
water vessel, circulate for a period of time, and return to the 
primary vessel. This circulation path includes a bypass so that 
the carbon filter remains out of this ozone purification circuit. 
When the switch turns off the pump, the water left in the 
plumbing and in the water collection vessel 100 is recharged 
ozonated water, thereby inhibiting the formation of bacteria. 
0.058 An ozone diffuser 102 is supplied with ozone by an 
ozonator 104, to ozonate the water in water tank 100, which 
tends to purify it. Ozonator 104 can be activated whenever the 
system is on or can be controlled by a microprocessor or CPU 
(not shown) such that ozonator 104 is activated only water is 
present in the water tank 100. A pick-up tube 106 is positioned 
within water tank 100, such that water can be extracted from 
water tank 100 and pumped by a water pump 108 into chilled 
water vessel 96 via an input port on the chilled water vessel, 
throughan output port on the chilled water vessel and through 
a filter 110, and out either a cold water faucet 112 or a hot 
water faucet 114. The ozone diffuser 102 is positioned adja 
cent the pick-up tube 106. Filter 110 can be, for example, a 
charcoal filter or any other suitable type of filter. Water des 
tined for hot water faucet 114 is first collected in a hot water 
vessel 116 and heated by a heater 118. Heater 118 may be an 
electric heater controlled by a thermostat (not shown). 
0059. As is shown in FIG. 3, the water path of the water 
production system also includes a return path back to water 
tank 100 from the output port on the chilled water vessel 96, 
through water return line 120 and valve 122. The water return 
line 120 has a first segment coupled to the output port on the 
chilled water vessel 96 and a second segment positioned 
within the water tank 100 to allow water to flow from the 
chilled water vessel 96 back into the water tank 100 when the 
valve 122 is open. Valve 122 may be a solenoid or another 
type of valve, which may be electrically operated. When there 
is little or no demand for water from the coldwaterfaucet 112 
and hot water faucet 114, valve 122 may be opened periodi 
cally or at desired times, so that water may be circulated by 
water pump 108 from water tank 100, through chilled water 
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vessel 96 and back into water tank 100. This recirculation 
facilitates the oZonating process and resists bacteria forma 
tion in the plumbing lines from water tank 100 to the faucets 
112 and 114.Valve 122 can be controlled by a microcontroller 
or other processor which monitors water demand, for 
example, by monitoring the water pressure on the outlet side 
of the pump 108. In addition, the ozonator 104 can be acti 
vated based on the combination of activation of the pump 108 
and the valve 122. For example, it is contemplated that the 
ozonator 104 can be activated whenever the pump 108 is 
operating or when the pump 108 is operating in combination 
with the valve 122 being open (to allow recirculation). Other 
arrangements for monitoring the water pressure to thereby 
control the valve 122 are also contemplated, and of course the 
invention is not limited solely to the arrangement described 
above. 
0060 A filter 110 and bypass may be arranged in a potable 
water collection apparatus constructed in accordance with the 
principles of the present invention. The filter 110 only oper 
ates to filter the extracted water when the cold water faucet 
112 or the hot water faucet 114 is open, and removes the 
ozone in the waterprior to dispersal. Of note, in the case of the 
hot water faucet 114, the water is actually filtered prior to 
entry to the hot water vessel 116. When the faucets 112 and 
114 are closed, the filter 100 is not engaged and the water may 
circulate through the oZone recharging circuit. This arrange 
ment advantageously allows the extracted water to be recir 
culated and ozonated while still maximizing the life of the 
filter 110. Specific embodiments of the present invention have 
been shown to maintain the HPC bacteria count of the water 
at less than 1 ppm. 
0061 Accordingly, the present invention recharges the 
water with ozone to resist reproduction of bacteria and keep 
the system clean and the water pure. 
0062. When a primary water collection vessel 100 is full, 
a thermistor or other temperature sensor 216, which senses 
temperature in chilled water vessel 96, may signal a first 
switch or controller 220 to turn on compressor 124, and may 
signal a second controller 218 to turn off an air movement 
device such as a blower or fan 84. When the fan 84 is off, a first 
and second evaporator 76 and 92 are under a decreased load, 
thereby lowering the pressure and temperature of the refrig 
erant within the refrigerant circuit. The compressor 124 sends 
the refrigerant to the second evaporator 92 at a cold water 
vessel 96 to chill the water. The use of the sensor 216 to 
control the blower 84 allows the dual use of the water-making 
components to provide refrigeration for the chilled water 
vessel 96 when the primary collection vessel 100 is full. 
0063. When the primary water vessel 100 is full, float 
Switch 214 may shut off the water-producing apparatus so 
that water is no longer produced, but a refrigeration mode or 
"chilling cycle' is enabled. During this chilling cycle, sensor 
216 in the secondary vessel 96 signals the first controller 220 
to run the compressor 124, and signals the second controller 
218 not to run the fan 84. The result is that the secondary 
evaporator 92 chills the secondary water vessel 96 without the 
first evaporator 76 producing more drinking water. 
0064. Any suitable type of sensor may be used. For 
example, a first sensor may be provided to determine an 
amount of water in the primary water vessel, and a Switch may 
shut off the air movement device when the amount of water in 
the first water vessel is at least equal to a predetermined 
amount. This predetermined amount may be equal to that 
which fills the primary water vessel, or another suitable 
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amount. The Switch may also shut off the refrigeration system 
when the amount of water in the primary water vessel is at 
least equal to the predetermined amount. 
0065. The sensor 216 may send a temperature indication 
to a controller, e.g., a microprocessor, which determines the 
appropriate time to turn the compressor on or off as well as 
when to turn the blower 84 off. This control allows the water 
producing apparatus to chill the water without freezing the 
water and/or any refrigeration components. For example, 
when the apparatus is in a water-producing mode, the blower 
84 and the compressor 124 are both on. However, when the 
apparatus is operating to refrigerate the water, the compressor 
124 is on, but the blower 84 is off. 
0066. The controller may also cycle the blower between 
on and off while chilling the water to ensure that when water 
is dispensed, it is Subsequently replaced by ambient water. A 
second sensor may also be provided to determine an amount 
of water in the primary collection vessel 100 or the second 
water vessel 96, and a switch may then activate both the 
refrigeration system including the compressor 124 and the air 
movement device or fan 84, when the amount of water in a 
water vessel is at most equal to a predetermined amount. This 
predetermined amount may be approximately equal to a 
water vessel being empty, or another Suitable amount Such as 
for example half of a water vessel's capacity. 
0067 Temperature sensor 216 may be provided to monitor 
the temperature of water in the chilled water vessel 96, such 
that when it falls below a predetermined threshold, the con 
troller also turns the compressor 124 off to ensure that the 
water does not freeze. This predetermined threshold tempera 
ture may be substantially equal to the freezing temperature of 
liquid water, or may be another temperature. 
0068 Water production systems of the present invention 
may also provide an air duct with one or more ports, including 
an entry port and an exit port. An air movement device may be 
a fan disposed within the air duct, operable to draw air 
through the air duct. 
0069. If a specific embodiment defines an air duct, an 
intermediate port may be provided between the entry port and 
exit port, such that the air duct defines a first and second air 
flow path. The first air flow path may proceed sequentially 
through the entry port, evaporator, condenser, and exit port. In 
contrast, the second air flow path may proceed sequentially 
through the intermediate port, condenser, and exit port, thus 
bypassing the evaporator. In other words, with the interme 
diate port being positioned between the evaporator and con 
denser, air can enter the air duct: (i) through the entry port and 
evaporator, and (ii) through the intermediate port, bypassing 
the evaporator. The air movement device in such embodi 
ments is capable of moving air through the air duct along the 
first and second air flow paths. 
(0070 For example, FIGS. 4-9 depict a water production 
system defining a rectangular air duct having entry ports, 
intermediate ports, and exit ports. The exit port is positioned 
at one end of the air duct, and the fan is positioned near the exit 
port. Water production systems according to the present 
invention may have one or more bypass ports that remain 
open, or may be selectively opened and closed, either in a 
binary or selectively adjustable fashion. The waterproduction 
system 200 of FIGS. 4-9 has four intermediate ports 202a-d 
(referred to collectively herein as “intermediate port 202') 
defined on the top between each of four evaporators 204a-d 
(referred to collectively herein as "evaporator 204') and four 
condensers 206a-d (referred to collectively herein as “con 
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denser 206’), and at least four additional intermediate ports 
208a-d (referred to collectively herein as “additional inter 
mediate port 208) are defined on both sides of each pair of 
evaporators 204 and condensers 206. A corresponding set of 
four water-cooled subcoolers 210a-d (referred to collectively 
herein as “subcooler 210’) are positioned within four water 
basins 212a-d (referred to collectively herein as “water basin 
212), and below each evaporator 204. 
0071 While conventional refrigeration systems may be 
optimized for cooling the air in a chamber, water production 
systems are optimized for production of water. Accordingly, 
one or more water-cooled subcoolers may be desirable to 
increase the efficiency of the water production system. 
0072. In embodiments having more than one evaporator 
and condenser, it may also be desirable to connect the evapo 
rators to the refrigeration system in parallel, and yet connect 
the condensers to the refrigeration system in series. In this 
case, the refrigeration system may be arranged to cause the 
refrigerant to exit the first condenser in a gaseous state, and to 
exit the second condenser in a liquid state. Such that the first 
condenser acts as a de-Superheater. 
0073 Water production systems of the present invention 
may also be provided with an ice sensor capable of sensing ice 
buildup on an evaporator, and a Switch coupled with the ice 
sensor to shut off the refrigeration system when ice is present, 
with the air movement device remaining in operation. 
0074. In operation of the water production systems of the 
present invention, a method of extracting water from air may 
include, for example, providing an air duct having an entry 
port, an intermediate port, and an exit port, providing an air 
movement device; and providing a refrigeration system 
including a cooling element. The method may also include 
operating the air movement device to cause air to flow along 
a first and second airflow path. The first flow path may be into 
the entry port, through the cooling element, and out the exit 
port, while the second flow path may be into the intermediate 
port, and out the exit port, thus bypassing the cooling element. 
The method according to the present invention may further 
include operating the refrigeration system to cause the cool 
ing element to maintain a temperature of at most a dew point 
of air contacting the cooling element. The present invention 
may also include condensing liquid water on an exterior 
Surface of the cooling element, and collecting the liquid 
Water. 

0075. In the method of the present invention, a bypass 
valve may further be provided, and may also include deter 
mining a temperature of the air, opening the bypass valve 
when the temperature exceeds a selected temperature, and 
closing the bypass valve when the temperature falls below the 
selected temperature. The method of the present invention 
may also include adjusting one or more bypass valves in 
response to a variety of conditions, inputs or sensors, includ 
ing for example athermometer, clock, timer, humidity sensor, 
rain sensor, light sensor, etc. 
0076. In a specific example embodiment of the present 
invention, a water production system may be provided as 
shown FIGS. 4-9, with various components being selected as 
follows: two matching refrigeration systems, each having a 5 
hp compressor, a pair of evaporators with an airflow capacity 
of 100 pounds of airper minute, a pair of water-cooled sub 
coolers, a pair of expansion valves, and a pair of condensers 
with an airflow capacity of 200 pounds of airper minute. The 
fan was selected having a capacity of 200 pounds of air per 
minute, and adjustable bypass valves were provided with a 
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controller set to open them above an ambient air temperature 
selected at 78 degrees Fahrenheit, or 25.6 degrees Celsius. 
The resulting example embodiment produced approximately 
0.5 liters of water per minute. 
0077. Another embodiment of the present invention may 
involve constructing a water production system with tubing 
and other components of one or more materials which resist 
accumulation of bacteria. Examples may include conduits 
from a water inlet to a pump inlet, from a pump outlet to a 
water chiller component, and from a chiller component to a 
water filter. In otherwords, all plumbing pieces contacting the 
collected water may be composed of tubing which resists 
contamination, for example HPC bacteria. One possible 
material that may exhibit Such an advantage is copper, and 
using copper tubing may be advantageous. 
0078. Several advantages may be achieved with the 
present invention, including for example enhanced efficiency, 
lowering the amount of energy used to produce a specific 
amount of water when operating the waterproduction system. 
Another advantage of the present invention includes broad 
ening the possible environments, geographical areas, weather 
conditions, and times of day when the water production sys 
tem of the present invention may be used effectively and 
efficiently. 
0079. It should be understood that an unlimited number of 
configurations for the present invention could be realized. 
The foregoing discussion describes merely exemplary 
embodiments illustrating the principles of the present inven 
tion, the scope of which is recited in the following claims. In 
addition, unless otherwise Stated, all of the accompanying 
drawings are not to scale. Those skilled in the art will readily 
recognize from the description, claims, and drawings that 
numerous changes and modifications can be made without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. An apparatus for extracting water from air, the apparatus 

comprising: 
a refrigeration system including a cooling element to con 

dense water from air; 
a first water vessel defining an inner volume, the first water 

vessel storing the water collected from the cooling ele 
ment; and 

an oZone device, the ozone device generating oZone inside 
the inner volume of the first water vessel. 

2. The apparatus according to claim 1, wherein the oZone 
device includes an oZone diffuser, and wherein the apparatus 
further comprises: 

a second water vessel having an input port and an output 
port; and 

a first conduit coupled to the input port on the second water 
vessel and for transporting water from the first water 
vessel to the second water vessel, the first conduit 
including a pick-up tube positioned within the inner 
volume of the first water vessel, the ozone diffuser being 
positioned proximate the pick-up tube. 

3. The apparatus according to claim 2, wherein the refrig 
eration system further comprises a second cooling element 
for cooling water in the second water vessel. 

4. The apparatus according to claim 3, wherein the refrig 
eration system defines a closed-loop path for a refrigerant, 
further comprising a refrigerant in the closed loop refrigerant 
path, the first cooling element and second cooling element 
arranged in parallel with respect to refrigerant flow there 
through. 
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5. The apparatus according to claim 2, further comprising 
a pump coupled to the first conduit, the pump operative to 
move water from the first water vessel to the second water 
vessel. 

6. The apparatus according to claim 5, further comprising: 
a valve; and 
a second conduit influid communication with the valve, the 

second conduit coupled to the output port of the second 
water vessel and for transporting water from the second 
water vessel to the first water vessel when the valve is 
open. 

7. An apparatus for extracting water from air, the apparatus 
comprising: 

a refrigeration system, including: 
a first cooling element operable at a temperature of at 
mosta dew point of air contacting the cooling element 
to cause liquid water to condense on an exterior Sur 
face of the first cooling element; and 

a second cooling element; 
a first water vessel defining an inner volume, the first water 

vessel storing the water collected from the exterior sur 
face of the cooling element; 

an oZone device for generating oZone inside the inner Vol 
ume of the first water vessel; 

a second water vessel coupled to the second cooling ele 
ment; 

a first conduit for transporting water from the first water 
vessel to the second water vessel; 

a pump coupled to the first conduit, operative to move 
water from the first water vessel to the second water 
vessel; and 

a second conduit having a first portion coupled to the 
second water vessel and having a second portion posi 
tioned within the first water vessel, the second conduit 
transporting water from the second water vessel back to 
the first water vessel. 

8. The apparatus according to claim 7, wherein the first 
conduit includes a pick-up tube, the pick-up tube being posi 
tioned within the first water vessel, and wherein the ozone 
device further comprises an oZonator and an oZone diffuser. 

9. The apparatus according to claim 8, wherein the ozone 
diffuser is positioned proximate the pick-up tube. 

10. The apparatus according to claim 7, further compris 
ing: 

a filter coupled to the second conduit; and 
a first faucet in fluid communication with the filter. 
11. The apparatus according to claim 10, wherein the filter 

further comprises an entrance and an exit, the second water 
vessel and the valve being in fluid communication with the 
entrance, and the faucet being in fluid communication with 
the exit. 
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12. The apparatus according to claim 10, further compris 
1ng: 

a heater in fluid communication with the filter; and 
a second faucet in fluid communication with the heater. 
13. A method of extracting water from air using a water 

production system, the water production system including a 
first water vessel and a refrigeration system having a cooling 
element to condense water from the air, the method compris 
19. 

tollecting the condensate water in the first water vessel; 
adding oZone to the collected water. 
14. The method according to claim 13, wherein the water 

production system further includes a second water vessel, the 
method further comprising: 
moving a portion of the collected water from the water 

vessel to the second water vessel; 
cooling the water in the second water vessel; and 
returning water to the first water vessel. 
15. The method according to claim 14, wherein returning 

water to the first water vessel occurs periodically. 
16. The method according to claim 13, wherein the water 

production system further comprises a filter and a faucet, the 
method further comprising: 

filtering ozone from the water using the filter; and 
dispensing water from the faucet. 
17. The method according to claim 13, wherein the water 

production system further comprises an oZone diffuser posi 
tioned within the first water vessel, the method further com 
prising: 

monitoring an amount of water in the water vessel; 
adding oZone only when the ozone diffuser is Submerged in 

Water. 

18. The method according to claim 13, wherein the water 
production system further comprises a second water vessel 
and a faucet, and the refrigeration system further comprises a 
second cooling element, the method further comprising: 
moving a portion of the water from the water vessel to the 

second water vessel; 
cooling water in the second water vessel; 
intermittently returning water to the first water vessel; and 
upon demand: 

drawing water from the second water vessel; 
filtering oZone from the water, and 
dispensing water from the faucet. 

19. The method according to claim 18, wherein dispensing 
water from the faucet increases a rate of moving a portion of 
the water from the water vessel to the second water vessel. 

20. The method according to claim 18, wherein dispensing 
water from the faucet decreases a rate of intermittently return 
ing water to the first water vessel. 
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