WD 2007/ 133771 PCT/ US2007/ 011621 MJULTI PURPOSE

ADI ABATI C POTABLE WATER PRODUCTI ON APPARATUS AND
wORMHABS7Thi s application clains the benefit ofPCtiusio7/011621

Provi sional Application Serial No. 60/800,358, filed

May 15, 2006 and incorporates that application herein

by reference. Description BACKGROUND OF THE

I NVENTI ON [ 0001] My invention relates to an inproved

apparatus-for transformng atnospheric water vapor,

muLTRRREQSE AtHABATIE T OABLE, WPGER FRODUCTRN ACPARATYS

AND METHODSWat er through the formation of condensed
wat er vapor upon one or nore surfaces which are
mai ntai ned at a tenperature at or bel ow t he dew poi nt

L;ﬁﬁig%pgh%rfgﬁhﬁmhe 6ERSkitdf vidioat d Iléﬂﬁﬁh Serial

€ Wat er vapor s con ense are kept be ow the
No. 60800358 filsayMiay il 2006 anddhcorperates thatiapplication beeain iy
t hrough a closed fluid path, which includes
referenNger i ger ant evaporati on apparatus, thereby providing
cool ing of a bypassing airstream and refrigerant
condensi ng apparatus for providing heat to the
Descriptiost ream i n an appropriate region so as to increase
the capacity of the air to carry water vapor (i.e
i ncreased humdity). [0002] U S. Pat. No.

BAC}EGQ@U?@@Q?PWHE’WVENWNJ U S. Pat. Nos. 5,106,512 and

, 149, 446- Rei dy each di scl ose potable water collection
appar atus conprising refrigeration apparatus to

ool OB AT et s P
s e i ol o et
potatiiwater, Sng RASIGUIATY (i QHIPEEAITANG Ayl walos Repiythe
form%@)&;ver n‘i‘l‘éﬂgé{l Yutdt ¥4 jor. l@toget?l?quf gfb;r)e %Ut)faéé@w&ﬁ&ﬁat@r

ng wat er vap ot abl'e wat er exi st
maintsiried at a témpetdtmecatcm'rbélow the SewPpoint fis.a given ambient

condglggéf%‘_hlg ggﬁgc%}atgéyau% gﬁsgggprl{l%lp'o? E]segonldensed are kept below
the dew point by means of a refrigerant medium circulating through a closed

fluid path, which includes refrigerant evaporation apparatus, thereby providing
cooling of a bypassing airstream, and refrigerant condensing apparatus for
providing heat to the airstream in an appropriate region so as to increase the
capacity of the air to carry water vapor (i.e. increased humidity).

[0002] U.S. Pat. No. 5,301,516—Poindexter and U.S. Pat. Nos. 5,106,512 and
5,149,446--Reidy each disclose potable water collection apparatus comprising
refrigeration apparatus to maintain a cooling coil at a temperature below the dew
point to cause condensed.water to form. Other prior art examples include U.S.
Pat. No. 5,669,221--Le Bleu and Forsberg, wherein collected water or municipal
water is simply filtered repeatedly until a desired potable quality exists. Other
prior art examples for converting water vapor into liquid potable water exist within
the public domain. U.S. Pat. No. 6,343,479--Merritt and U. S. Published



Application No. 20050262854, now U. S. Patent No.

7,121,101 - Merritt, also disclose advantageous
woecaiidsaes for extracting water fromair. [0008F/uskmh011621

of the above nentioned prior art of others is limted

in scope to performng air to water conversion,

t hereby exhibiting an undesirable shortcom ng. That

prior art typically exhibits an inability to

efficiently convert into water any quantity near the
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dlsclotsélﬁ@l%ﬁidgl‘e@&sb@émuuwfd@xtrapﬂnglwm@maomcmel wat er
producti on systens and net hods di scl osed herein are

further capabl e of perform ng multiple functions such
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com gs o prior art and providing a nuch
atmosphaybtin diie eucmatyl aftsurtaces maintained,at tempqratmee heloyntherdew
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desaﬁmattdmeandadjs &atlcm, asrwell as the task Qf&OBVQW‘Sé“Pﬂ? Al to yater.

T B8 YRR el L RGO 3 gons ot

subsfantigl ingRsaselihastficiehcy Wthpespeuttio it eanventidnal mchmqmes

means and methods to distill ordl nar

wat at .,
usedrfor thesedupctians, SaTEBKOVEEARIng SHOEEOMINGS etipe prior art and

prov?@@o% ﬁg{dgaﬂ;%rﬁ aft%}’ gb{l‘ﬁoﬁ ks *%2%{3 &g l@?é@)lé’l‘h& J '2'?:’ exist

worldwidef ul fill ed by enpl oyi ng sophi sticated refrigeration
techni ques including such things as nultiple
evaporators adi abatic cooling techni ques, reheat, as

SUMWAEY E‘W@EW@’I\P“ mechani sm all operating

ct ed alr passageway. These techni ques
al | owthe apparatus to capture relatively large

ook an oBist ot ik PiEsenhEveRtar o BRI v Hibins dnd”
methods for condensing and collecting water for drinking purposes from the
atmosphere. It is a further object of the invention to provide means to purify water
not yet fit for human consumption, thereby rendering the water safe to drink. It is
yet a further object of the present invention to provide means and methods to
distill ordinary water at relatively low ambient temperatures, thereby substantially
reducing the energy costs normally associated with this task. These and other
objects are fulfilled by employing sophisticated refrigeration techniques including
such things as multiple evaporators, adiabatic cooling techniques, reheat, as well
as a novel defrost mechanism, all operating within a ducted air passageway.
These techniques allow the apparatus to capture relatively large quantities of
water, up to the greatest quantity of moisture per unit volume of air possible



WD 2007/ 133771 PCT/ US2007/ 011621 under a variety of
condi tions and situations. Upon determ ni ng whet her
woOher71@apparatus is to function as a sinple air PCO/USA02011621

conversion device, a water distillation device, or
desal i nati on device, controls relevant to each

separate operation may be activated in accordance

with certain aspects of the present invention. [0005]

In accordance wi th one aspect of this invention, a
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ating alr in ormo fine m st
inventibhch has an i medi ate effect known as adi abatic

cooling. In this case, the adiabatic process is
evaporative cooling. As the water vapor is absorbed
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across the surface of a second air stream cooling element. The second cooling
element is operated at a temperature at or below the freezing point of water so
that a very substantial percentage of the remaining water within the air stream is
captured at the second cooling element. As the air stream passes beyond the
second cooling element, it is again at one hundred percent relative humidity,
though at a much cooler temperature. The air stream is then passed across an
air stream heating element where the temperature of the air is drastically
increased, simultaneously resulting in a significant drop in relative humidity. The
air preferably then returns through the insulated ducted air passageway to the

region of the backside of the fan which forces the air through the cycle again. At



air preferably then returns through the insul ated
ducted air passageway to the region of the backside
wohod7nae3fran whi ch forces the air through the cyciras2007/011621

again. At 3 WD 2007/133771 PCT/ US2007/ 011621 the same

time that the airstream passes around the encl osed

passageway in, for exanple, a counterclockw se

direction, a refrigerant is passed around the

corresponding | oop of refrigerant elenments in the
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I ncluding an auxiliary cooling

[0007] An integrated combination of a contoured condensate collection tray and a
principal water storage container molded from a relatively transparent plastic
material is particularly suitable for storing potable water and is associated with a
first or main evaporator in a primary air cooling apparatus.

[0008] Auxiliary water storage apparatus, including an auxiliary cooling
(evaporator) coil supplied with refrigerant gas from the same compressor as the
primary air cooling apparatus, is employed in such a manner that at least a
portion of the water collected in the principal container is further cooled for



(evaporator) coil. supplied with refrigerant gas from

the sane conpressor as the primary air cooling
weaepperidasus, i s enployed in such a manner that ®aCT/Usa®bu/011621

a portion of the water collected in the principa

container is further cooled for 4 WO 2007/ 133771

PCT/ US2007/ 011621 human consunption and, at the sane

time, the gas tenperature at the inlet side of the

conpressor is lowered and the | oad on the conpressor
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FIG 1 is a schematic representati on of one enbodi nent
of a water from air recovery systemillustrating

[000%? %%Té@?l&g %bﬁ BrRésa Bﬁbﬁe of h?dré\iﬁvélﬂﬁbtddmguratlons

IS a stan d psychronetric chart
descrilzéd:herein will be aiescpbemfw'thamelm refﬁrmg)tmm@tdrawmgs
characters, illustrating selected information with
reference to the detailed description of the system
BR|EFfDES‘éR|PT|@%?]TﬁE@R&Wlmcm:hematI c illustration of
a section an enbodi nent of a system with
particul ar ref erence to conponents which contr ol
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cool éd "de-superheating neans. [0014] FIG 5 is a
schematic representation of a systemsimlar in
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markiedriyhgliphabetid eﬂalta@téreklﬂuacb}tmg sajected] information with reference

characteristics of such er_[}g on. 5 WD 2007/ 133771
to thedetallesiesagiplign pf the system of

[0012] FIG. 3 is schematic illustration of a section of an embodiment of a system
with particular reference to components which control temperatures of first and
second cooling elements.

[0013] FIG. 4 is a schematic representation of an alternate embodiment of a
system illustrating air cooled de-superheating means.

[0014] FIG. 5 is a schematic representation of a system similar in certain
respects to that described in U.S. Pat. No. 6,343,479 of Merritt, granted Feb. 5,
2002 and further adapted to take advantage of certain characteristics of such
invention.



[0015] FIG 6 is an isonetric view of an inproved,

i ntegrated conbination of an integrated, contoured
woanfans@aie collection tray or pan and a pri ncPpaius2007/011621

water reservoir or storage container which is

specially suited for the presently described system

[0016] FIG 7 is a plan view of the integrated tray

and reservoir, illustrating the tray. [0017] FIG 8

is a bottomview of the integrated tray and reservoir.

.FIG 9] . ' ' ' . ..
oot 2% B Sl e B 5 PR, P ptdd bompinaten gt an
integrétedl B6ARUred BohdEsaE callgetivrtraypespan andd prindipal water
collection, further cooli ng.and di stripution O{Iy wat er

reservifcar siprage eonjaines whicls iscspecially suifed jpetispresen

' on. [0019] FIG 9A is a schematic and pictori al
descr@%é%&%texﬁati on, partially cut away, of a portion of

an alternative plunbing arrangenent associated with

collection, further. cooli nd di stribut.i f .water
[0016KE G Aisva Plan view o the dategrated Sy and ssediait, usyaiifzne
tray [0020] FIG 10 is a listing of typical plunbing

conmponent parts for the systemof FIG 9A [0021]
FIG 11 is an inproved version of a water cooling and

[ecqver tem . accordi.ng t rtain,as .5 of the
10017h FiGefis'» Rakion g pbibenisel et ia s REENGE, f - one
pictorial view of a systemaccording to FIGS. 6 -- 8,

9 and 11. [0023] FIG 12Ais a partial front pictorial
[0018] Fé@. Bfis a schematicaancbpigtarnigl represemation, paytiatycutigvan ef a
. a difi.ed version of .
portch A B P St S GO A8 on, e
cooling 844 Aistiibeticry 6f waterfactbfding & cédinzspetts oflitheipsesent
] iI'sonetric view of an insulator pad used in connection
invenlonh the prinmary evaporator coils of the systens

descri bed herein. [0026] FIGS. 15a, 15b and 15c are
top, bottom and sectional views (the latter

[0019] FIG. 9A is a schematic and pictorial representation, partially cut away, of a
portion of an alternative plumbing arrangement associated with collection, further
cooling and distribution of water according to certain aspects of the present
invention.

[0020] FIG. 10 is a listing of typical plumbing component parts for the system of
FIG. 9A.

[0021] FIG. 11 is an improved version of a water cooling and recovery system
according to certain aspects of the present invention.

[0022] FIG. 12 is a partial front pictorial view of a system according to FIGS. 6 -
8, 9 and 11.

[0023] FIG. 12A is a partial front pictorial view of a system according to FIGS. 6 —
8, 9A, 10 and a modified version of FIG. 11.



taken along line A-A) of the insulator pad of FIG 14.
[0027 FIG 16 is an overall pictorial view of one
weyet7ags@ccording to the present invention, hagTng2@7/011621
first duct arrangenent. [0028] FIG 17 is an overall
pictorial view of a second system according to the
present invention, having a second duct arrangenent.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0029] Referring
to FIG 1, major conponents of an air - water recovery
system are positioned preferably within a fully
encl osed | oop air passage duct 11. In a preferred
[0024FFI®H 31ied pictoridl tp view bhthel systemiof FiGan®i ent
at nospheric conditions. A continuous flow of air
cont ai ning water vapor (humdity), or into which
t | RoniethE Wisly - Hused"i ion with
10025 1G4 al BoriRE ViEl o# 8 RS patiyseuin forpeetion
the primagnevdporatoncoll® of thehsystemsrdeisoribed heeginf an in, for
exanple, a counterclockw se direction as seen in the
drawi ng. A sequencé€é of refrigeration conponents 14,
[oozei F1685153, PR 5hi qg%dar\éﬂtba,l Botidif aRd@eclidnaNviews & iagter
umeri ca order downstreamfrom fan 12. These
takernvalbng fjipe &-Ap of thenipsniaterspashebr ield first air stream
cooling elenent 14 such as a first refrigerant
evaporator having an exterior surface, a second air

[0027FIG.218 8UH biérafl picterial viewof oneasystem @accorting to the present
refrigerant evaporator having an exterior surface, and
invendionahaving adifst dectarrRpgemeMent 16, which in the
preferred enbodi ment is a condenser of the
refrigeration system The refrigeration systemfurther
[0028]F1G. HF4S an cveidll pivtorial 2w ofd serond systeavadcanding to the
metering devices 21, 41, and 22, respectively. 7 WO
preserginyentiony having/a geeand duatesrangtBIeMger ant is suppl i ed
from conpressor 20 to the several heating, cooling and
control elenents noted above. The state of the
DETARED DESCRIPHONIOF THEOINVENTIOMY altered to provide

(002§ efering SuEIG oh ThRloE SOMPOPESth S ab s Ve rauuAY sYStem
are AHEReR (e N hy booeksalash ok passepg dutet . na
prefermdcembddiments duet 1t i insulptadifrog arbient etpesphesicconditions.
A coRt?rlu?c\)IYxst c?w %?Vavir%ooinrt]éin%:g vtvgt%r %Borb&iurﬁ%dﬁﬂ ofF ﬂ'\to which moisture
is injected (see below), is circulated through the closed loop air passage duct 11
by air movement means 12 such as a motor driven fan in, for example, a
counterclockwise direction as seen in the drawing. A sequence of refrigeration
components 14, 15, 16 is positioned within the duct 11 in ascending numerical
order downstream from fan 12. These refrigeration components comprise a first
air stream cooling element 14 such as a first refrigerant evaporator having an
exterior surface, a second air stream cooling element 15 such as a second
refrigerant evaporator having an exterior surface, and an air stream heating
element 16, which in the preferred embodiment is a condenser of the
refrigeration system. The refrigeration system further comprises a compressor 20

and first, second and third metering devices 21, 41, and 22, respectively.



across the surface of cooling element 14. At |east a

portion of the water vapor wthin the air noving
waeoss3trhe surface of the first cooling el eneRCTA%2007/011621

condenses into liquid, thereby causing the passing air

to cool (drop in tenperature) while the humdity

rises to 100% The condensed liquid water is collected

in a pan 24 and is passed to a storage vessel 25. The
second cooling elenent 15 is operated at a pressure
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withirt the aitmaving acress the surface efthe first ceeling elsment 14
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tempéféiﬁl'@) GHile t% hemibitp eiseoto 100%e Mhegohelensed liqaid water is

used instead. The preferred operati n%@t enﬁ_@;ature of
collected dma@ nasuP4 Apdds passed tsa |S§°@9Pd@3§ §ridie;$erpnd cooling

e o) bRl chboond RS bt RTatinneioh e
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econ e
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largecperoentagedsfithe rerhainisg wmrt(waper) ip khet alrzsueganbtamured at

heat i n el e and fan 12. Danper 18, when
the sgand &t OEH%Q{ET?E?@#%N et port 30 and 8 WD 2007/ 133771

PCT/ US2007/ 011621 an outlet port 31 which are useful
during certain tasks perforned by the apparatus, such
[0036kReferpng taFiGshimeteringi devices/at and ddraswell @ metasing)

dew%éﬁr " ﬂglspra%at S EhStiany 1By, TonthéiHg this §H88 fisteRhg
device consists of determining the correct ratio between the length of the tubing
and inside diameter of the tubing. Extremely accurate pressure and temperature
relationships are attainable using this dimensioning technique. Other types of
metering devices can be used instead. The preferred operating temperature of

second cooling element 15 is below the freezing temperature of water. In fact,
temperatures down to 0° Fahrenheit (F.) are not undesirable for second cooling
element 15. It should be understood that first cooling element 14 and second
cooling element 15 may be combined within a single physical structure, thereby
creating a multiple temperature refrigeration evaporator element, as well as
reducing the part count. A damper 18 is positioned preferably between heating
element 16 and fan 12. Damper 18, when opened, creates an inlet port 30 and



paranmeters and conditions according to one aspect of
the invention will be described.. As shown in FIG 2,
wabko®iias@1 poi nt A, when the dry bul b tenperat upeTai2007/011621
the air flowng in duct 11 upstream of first cooling
element 14 is 800 F., with a relative humdity (RH
of 60% 0.0132 pounds of water per pound of dry air
will be present. Using this same FIG 2, it can be
determ ned that 13.90 cubic feet of air corresponds
Q one nd of ai . Cl Aat.]
an ouﬁﬁf gt :F‘g@#‘ %b?re ?ﬁ%‘ﬂlt(gyrt%ﬁ%ﬁ tté&gs é%‘ﬁgrﬁé‘&‘pg sage
appar&tis! siéh a‘s\éﬁﬁ?lé Aospherioalr tbadléte( Edn\@rsmpounds of air
per mnute w be nmoving across the surface of the
first cooling elenment 14. The anount of water vapor
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wat er "per mnute, which
parantiittfs fd coRdiiongacording tosone aspectef the invention witrhe
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the aif gé\f\l!g@eiﬁﬂlfc} ngJgsﬁ?Em %Begolﬁkf@iggﬁeny g'n|§ gBefF I\With a

relatuweemmmqul)wfm%,xmaasz pounds of watehper- pouns efdjy air will

e oo e e il s 0 et
air comégf)omﬁé chbnﬁ g@hh& &f %tre@@rc@ll%tlnb(iﬁ&ﬂ hétdredasbicfeet per

I on pounds per mnute of water_yap
mmuter(OﬁM)sofaalr in air passageiduelel fﬁwanwraraﬁ; angenerh anJé% g%e

sound o4 5 Sk S RS b oy s
eleméht BRTHe Sbent Sowates vapdr sbntaindibin tbseampummfmjslsyo 01 32

calculated to be 0.0132 Ib./1b. of air t
X 21.68088 pounds@) reatly 1@@%\%@&\&@@’ Pef HB"'A‘ier ﬂ@?

pass'é‘ga%%?g*%r&%ﬂnés sa ur a tc!% 8@3&% rﬁh% gb ﬁ%ﬁ%ﬂgg@zwg

By adjbsﬁﬁ%theTéualonqireﬁd;ma regulatali 23itthe cirbahting Irgfrigecant in first

coolipg Glemmont 1415 a4 SREFAIPCIOREIALIRIRAL AL df Cat yigh =1 °
reahsgg%m?nﬁ W?t L RdkntyShive/ éé%r%@ d?op%‘ lté’mBefé«‘i\ﬁrd%)lllr\éSuIt

er I's bel ng Taptured. Conti nuing,
and theca’rt thmeeco@ledtto A tetperaturne suckvasB55tF.iwhersit passes pyer

07/ 13i1 71 PCT/US2007/ 011621 saturated air is
ﬁfStQQR"E'Sc?%’@PBE the surface of second cooling nmeans 15
which is

[0032] At least a portion of the 0.28 pounds per minute of water vapor in this air
will condense into liquid water upon the surface of first cooling element 14. This
portion of water can be calculated by subtracting from the amount of water
entering duct 11 which has been previously calculated to be 0.0132 ib./Ib. of air.
The amount of water available at the temperature the air was cooled to, shown at
state point B where the air leaving the evaporator 14 is saturated or 99.9% RH, is
0.0092 Ib./Ib. This calculation indicates that only 0.004 Ib./lb. is captured.
Multiplying this number by 21 .5 pounds of air per minute means that out of 0.28
pounds per minute that is available, only 0.086 pounds per minute of water is
being captured. Continuing, from state point B where the dew point is 55° F., this



controlled to operate at 0 F. (below the freezing

point of water). As the noisture |aden air makes
woani7acs771t he noi sture freezes upon the surfacecwofustiveniie21

second cooling nmeans 15 and the air is cooled to 20

F. This is represented as state point C on the

psychronetric chart of FIG 2, where it can al so be

seen that the anmount of water is only 0.0021 pounds

per pound of air at this p0|nt A new cal cul ation
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cap arly al
controlledttowperatesat| 02F.gbelowt the fegezing poird afwater)t Ae the msture
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ol | 15
ladenigigmakes Gontach I Meistire Jeczrs upgy thesLARES o id freond
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amougl pEwatardn ooen 0028 oies he BoLnfdT B it Adfe s
catcufg:@\gﬁéégh ﬁ?‘fé@g@@ﬁoﬁe ca%!a%ioh%véa&rtﬁétaeﬁauw et

connect1 on has the i medi ate effect
captucéd &0.01d1 dbdb.,ineay el af whaivas available icibedaitupstiesn of

the it el et a3 1in 2BranfEBOHR Eieraet Rifedfly o

accuRURE e, tﬂérebvgeﬁﬁcﬁﬁg i flow Dot tﬁaddgmmfentnrsssmsmromg 11,
IS superior to a gas defrost . method conpon in the
the teanper@tureeqfratgaaailne R3sde%@a$€ts Jdis teraperatyreidesrense is

sy P BERlo ARFSBRIEAgEI p08
which fl@rﬁ?‘s’éﬁs Qﬁ? aflows ?t}@ld refrggeaanii/tbl ﬂ)assﬁthrclegth i{g@:mhdia

he e erature o secaon ool n
para!i&b cappe@tséh meteringdpwea ] & l§f°°’i'%€? ngs the Jnmegliats effect
of an?hﬂ@r{é%ﬁé dé %res@ur% @ﬁlmﬂe t&mﬁﬁp@lé&hﬁnﬁ ‘FQ.SI' Witefore an

Vi Cce sen3|ng e I Nncrease 1 n .
imméddiaesinetesse, in teraperatore- ecoarg andthe vce op seoondoaling element

15 beine fo Metd T @eihod pEARTESIGariRSUPBHALE: & htf 955 forast
meth%actﬁmmpﬂ% 'tﬂ% eﬁ'd?'i@l’?geﬂé’_{lo?\%ﬁ&é‘ tisdls I¥ss maﬁ‘flrfgeﬁé&é aﬁ&

Ice Is collected Iin draln
assufst thedsutfacestafdhe cosling elgments age abgays maintaiped mlqw the

o SRS e P B B, AR TP, e
tempyi‘@ﬁsﬁe bf 8etSHPE6Aing leent h8 b glins 153 é hroaeh tite tedpérature of

air 1s exhausted at port as nper_ 18 is fully
the firstecoaling@lement 14 pg.trthnsomlat attsgmeraMe @SVS'BBSQW'%WW@CG

40, stelglglnlg;et?\teel‘rj\craéa%eflﬁ Uhp&atird Bfehd @'8Retdifing Yalve 19. Once
again refrigerant is allowed to flow only through metering device 21, reducing the
temperature of the second cooling element 15 substantially. The resultant water
from the melted ice is collected in drain pan 24 and directed to storage vessel 25.
The cooled air continues flowing through the duct 11 and is now directed across
the surface of heating element 16 where the temperature of the air is raised to
90° F. This air is exhausted at port 31 as damper 18 is fully opened for this
particular task, thereby obstructing the heated air from returning through the duct
11 to the air movement means 12.
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11 to the air novenent neans 12. 10 WO 2007/133771
PCT/ US2007/ 011621 [0033] Referring to FIG | and FIG
w0 2o@n3z7er nat e techni que of water distillati eaTas2d00011621

tenperatures is described. In this operation, danper

18 is fully closed, thereby creating a conpletely
closed air circuit 11. As fan 12 forces air to nove

t hroughout the closed air passage duct 11, water in

the formof a fine mst or fog is introduced into the
air streamthrough a water introduction nmeans 13 (for
exanpl e, a spray nozzle or the like). This water need

[00331 Nefélﬂngfto FIG0 N dEFIGI3) an altordatestechniqueanfiwatbr distillation

Salt water. A replaceable particulate fil
at loweiSPaTBtLTES 9 BpaaTinecin 145 bBRIAOS. ARDRSR(8J8 S0l psed.
there@??%ﬁﬁtlilgl ag mbmtéll){vi@[i'(?]seédf air Cil’&%lf ?9UaSan WQ%rdeE%lr to move

arr a fine mst here is
throughoutthe dicsetl aif passadenduet s watdr ibthei forro@fia m migteor fog

s intioguaedinto Jap A steRBhiPraigh g Nateh i B Indire 13 for

exan'@ié acpéﬁr’ag r{b’z‘ifc-zeﬁls'thiaqfk%?1 STHi® v@(é&%’ééd h¥€be ePalgotable nature

vdporatrve cooling can occur when air Passes over the
and cambeabeackish orsalt watereA replaceabplerparticdatafiiter 154 assuregno

e e el A 8.0 i Y hgeo e

the cR&@afing BirGn IR for?méf HERE MMst\Ahsre M@ﬂfnméﬁxat@éﬁmtl@bwn as
vapor 1s absorbed into the air, energy is _transforned

adlatfatmmqmnm Phe teranadiabatic refegto a@aanse of siate withoubless or

gin SE ALY, 1 o B ol en e

coolifi§) rEﬁﬂoréﬁV@bBéhﬁ €ars 868ur Wwiers airgrassbe owet the syrfaoe of

makes contact wt the air stream adiabatic coo
watet. fien af temperatvses welldelgw the beiling doint, waterdapl ecaleéé

oyl 5B B Abanb R to SBR 1 B SIS gos

and b&coifie whtendapdre Akithe wateovapur |srabserbbd intostivecair, emergy is

tansgorvRe o SeRSID At G ReH) heat ol Roreal o AGeRraggly, the

temp%%@?& offﬂg afr fald EHg RSp&RIRE hu'n’udit? ri88¢, WP tHEDsVeran

de ree reduction In errpeaureto occur.
enerﬁv eonfent eemains Mnevsammdl' huspasdhe water spraysnakescontagiowith

. and ne e sat ur Thi s, nea
the aif,Sir o SQBORIC RBPING kP HRAY. | 6 teDpRaniTe 37 tye 8F ftream
drops Hhdthe \dBdotute MRy rikés /& Walter entrainment means 17 positioned
between the water introduction means 13 and the first cooling means 14 assures

no droplets of water are allowed to pass beyond this point. If the temperature of
the air stream was 90°F. before contact with the water, it is not uncommon for a
twenty degreé reduction in temperature to occur. Therefore, the new condition of
the air stream is 70° F. and nearly completely saturated. This means that the dew
point for this condition is near 70°. As in the previous example, the same
phenomena occur. That is, the vapor laden air is driven by the fan 12 and passed
across at least one surface of a first cooling element 14 which is maintained at a
temperature below the dew point. The first cooling element 14 causes a portion
of the vapor in the air to convert into liquid water. As the air passes the first

11



phenonena occur. That is, the vapor laden air is
driven by the fan 12 and passed across at |east one
weuod7acgr7of a first cooling element 14 which i BCT/US2007/011621

mai ntained at a tenperature bel ow the dew point. The
first cooling elenent 14 causes a portion of the

vapor in the air to convert into liquid water. As the

air passes the first 11 WO 2007/133771

PCT/ US2007/ 011621 cooling elenent 14, it is cooled to

coohnpfé@@s@f iﬁ,gi? &d%ﬁ @?6 F@él%hoér‘?% ﬁhh&l%dgb’c%?ﬁghf ﬁélatlvBHlﬁnidﬁy

aving passed
This i9We castosfary gendition fewaap aftet bavingipasbed over atrefrigerantr

v SR i b e e SCRA b o o
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IS agaln at "one hundred percent
15. Asdhatinstreampdssss beymﬂgth%ﬁec@nmhagalgnent 15, it is again at

one hyBatet getdenhmiatvesnymity, SRiidrEah & Pl o @iiigfe. The
air stie%n?' (s%ﬁbh‘i?és%éd'd&é@é %atlﬁgt; eldrhenersiwhere drstdnmperature of

significant drop in ive humdity. The air then
the atres drastically increasesd: simykanaausly wsuitingdn aisigniigant drop in

relatn?cplf\ ﬁﬂ‘ﬁ&ﬁé‘%@)ﬁﬁ?@%&?ﬁg thfo ugﬂ t@g J]ﬁ?lﬁ EPEIO%& ducted air

passb@&\ﬁﬂ H 9o Bie faH 1RHIEH fo’rcéi the affltlnmugh ithe gyaleragair,
adi abatic cooling, first and second coolin ?a
including e WateHBIRCHIONdir iNtraduclionicR o g AraNgeT i of Sdiabatic

coohﬁgﬁﬁ‘éﬁ%ﬁ%ggﬁ%}id éﬁ%lﬁ{&%taﬁésﬁgf ?g:ﬂa@% it re 3hitOka l‘ﬁre of

s. Furt
the gfrémekfi@\kanmy ot watg pessible n tompassomid coavantmmi mgelques

useddor pusTu RAKESE Othet Tt EB8kds ACEOmEN e Wb Hanfeap decrease
in ent%gﬁggéra ] ﬁ?tgbg r%sgwﬁ@b% pi r'eﬂ?diﬁ?ééé‘ Qiththe result being a

avl ng t second cool i ng
signifitamtemourit df capbured veatehddy |mgeasmgrﬁ1a tenapergturedram 20° F.

new condi tion of 7.5% R al oW
leavigadng Sarens eoginaslefr s BYET Tl pahdgerién o gives a
new ‘&bﬁﬁ‘ﬁgn & S%RACBLKIrEMER dry dif \WRH 'aagréaﬂaﬂinﬁg%mwbteﬁ! Since
nmoi steni ng ai'r, “adi abatically cooling
dampebj @ i fully cldsedAbeincontinuey to siculatepnd again the method of
moistening air, adiabatically cooling it, subjecting the adiabatically cooled air

stream to multiple temperature evaporators thereby significantly drying it, then

raising the temperature of the air stream creating an air stream of extremely low
relative humidity, is performed in a continuously repeated cycle until the desired
amount of water is collected. The water is stored in vessel 25 and subjected to
filtering and disinfecting. In extremely hot and dry climates the damper may be
adjusted to open to a certain degree during this operation thereby moderating the
conditions within the refrigeration components.
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streamto nultiple tenperature evaporators thereby

significantly drying it, then raising the tenperature
wohod7ne3@air streamcreating an air stream of erCTAISEI07/011621

low relative humdity, is perfornmed in a continuously

repeated cycle until the desired amount of water is

coll ected. The water is stored in vessel 25 and

subjected to filtering and disinfecting. In extremely

hot and dry cli mat es the danper may be adjusted to
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same% ﬁﬁgf)?ﬁ%ﬁﬁnlt I generaphbﬁﬁ\a{trdﬁr% @HFb"yeéﬁﬂ{her fan

rat ed. e apparatus shown in
20b disposed outsidel tise entloséd wirt pessagereomd 1tih auppliesacross a

o1 o 5 458 A e By provie
a son?ét?ﬁél%‘?m%loé’ﬁé& dndt nth ﬁ%@u!éiﬂ\g%fﬁb%?aﬁt as MieORaRS cooled de-

egnent an alr-cool ed de-superheater
supenm'atﬂr showin iddd. Sa Patnoh36438i479 mentioned abeyet he

circulating refrigerant as the water-cooled de-

superheater shown in U S. Pat. No. 3,643,479 nentioned

[003%%%%’ CEWQE]FlépﬂCVéb&aédrMprdsﬁoFtﬁs ih fluidgdmmunication with

ressor 20 is 1n fluid communication with _air
air cooted de-stupethaaten2la. d?eleggrarmer pausadia flow ouhgkeempeessor

T
(e.g. Faf) 26b fv@lﬁi):h 29Hispobed butsidel of plosed airlbep dd, cmoves the

air Ioop renoves the superheat fr

superhsat ifiga thﬁ refligeragt; lhlas, beeq feundioke aa\'/%f#?aseuﬁéc’ yge a

o e A i et g
of coﬁﬁdnﬁéﬁ’{ﬁﬁbﬁd ﬂmregvn:nrf?wuyatelymmml tmp(telatmna;d tbe aithe

W In alr uc ontr 0
within gl dsickIl Dok eonfEsl o o 26 Sioraray B e @lsantrol
air te‘f‘ﬁréé}h{hrg fh:rHuctDEI %UBE d F‘éfﬁ St%rn?merf ﬂ@ﬁsflﬂtﬁ\’\ﬁ

con enser 1 e renaln er of
condenseletﬁ where dlmm!dahylet bfetha hedticontentiis removed)by dlhﬁa aiiflow

withif 4SEGapaR{ THFSSH B QUASENIB AP TR feUses i EEfraprant to
condEnSedofitpibtelyFihtd figiaTorm PRe fiqliarefigerant passes through
metering devices 41, 21, 22, as explained previously, into controlled
temperature/pressure regions of evaporators 15 and 14, respectively, in order to
collect and remove water supplied by water insertion means 13 from the

circulating air within closed loop 11, again as explained above.

[0036] It can therefore be seen that FIG. 4 is similar to FIG. 1 in many respects

and the same reference characters have been used in both figures to identify the
same or similar parts.
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metering devices 41, 21, 22, as explained previously,
into controlled tenperature/pressure regions of
wevapasat’or s 15 and 14, respectively, in order PCD/US2007/011621

coll ect and renove water supplied by water insertion
means 13 fromthe ~circulating air wwthin closed | oop

11, again as expl ained above. [0036] It can therefore

be seen that FIG 4 is simlar to FIG 1 in nany

respects and the sane reference characters have been

o S 46 9 VR e 1

arrang%@\f\éﬂtfzm 20b JFIFRG. 8, arsihiiar funbtion ishprosideddnyoa adater cooled
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described i kite UIIEIQSpatemﬁmai srineorparatedrhereindyyreferenge sy theddG.

el o iy ES RTINS B, o
be rec?oézvgﬁc?‘ﬁ\%i ﬁh\ﬁHE Mentibried pregidsly H@V@U&btorlélembﬂtlhd m&g in

zed as was nentlone previously,
fact, belaponﬂmmtloml efravaporatorelements eand 1.calang avith thet i on

vl Bl S Ao Ry e
coolaMf \Fvﬁte': 'cff’culjated:h'\r d@%hﬁéﬂ%atéﬂ‘@a o) becoupledrio the water

circulated in super heater 20a' nmay be coupled to
introductiommeans 1?ntq w@u ihe desited water ¥yapeHip; desadyloop 11. In

L.
i
couplbﬂ u'i_tb%e%yglém BRowA Gt IFIGJ 5] With thé elenyeﬂte @0aharwh20a’ being

th the el enments 20a and 20a'

connessedda betes I e EgarAN PathE |°&81P5ﬁ§5%§(ﬂ T this way, the

appr@@%@ﬁé%éﬁg sgngHéat Bera?ﬁeﬁaw ﬁ1 O ePls not,

er 1's
accorditig to mcdﬁsﬁeﬂg:drﬂlttdns cufeweratnbmonm tions of

operation. [0038] Referring to FIGS. 6 - 8, a

princi pal water storage reservoir or container 25 is

[00383 *F?é(fgrrmffé*hta% Bl g eﬁ phRncipal Walct sforage4e5&n@ir driBntainer

terital suc as a transparent pol ycarbonate
25is 1|§t.haw|n| whichlienolded as |ar unﬁt‘ary stricture fropvaadastis material such
t
asa t{gﬁlﬁ@érpggggﬁgérlb%%% lg%e reggr(il/opﬂg1 is fofned sgfast ﬁe

facilitate collection of water and maintenance of the collected water in a potable

condition, as well as to facilitate maintenance of the reservoir 25 itself and its
assembly and disassembly with respect to associated water handling
components. Principal water storage reservoir 25 includes, on its uppermost
surface, an integral condensate collection pan or tray 24 which is dimensioned to
fit below and in close proximity to evaporator coils (such as cooling elements 14,
15 or their equivalent) in a water collection system as will be illustrated in greater
detail below. Collection tray 24 has an upstanding lip 26 surrounding an open
collection volume, a downward sloping floor 27 which slopes in each direction
from lip 26 to a central water collection opening 28. This arrangement allows
condensed water collected in tray 24 to drop into the generally rectangular box-
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condition, as well as to facilitate maintenance of the

reservoir 25 itself and its assenbly and di sassenbly
wonbdT/iBeEgpect to associ ated water handling coRpPOUSHI03/011621

Princi pal water storage reservoir 25 includes, on its

uppernost surface, an integral condensate collection

pan or tray 24 which is dinensioned to fit bel ow and

in close proximty to evaporator coils (such as

cooling elenents 14, 15 or their equivalent) in a

| | [ N i ; .
shapeffySlagk Ve L3016 ol Bty B 26 cypical
of the \SRGEPENE 0B falford§. Thertray2d agd aollegtion openihg @8 ane

) vol une, a downward sl oping floor 27 \M}i c? s{]o es |
dimensiarieddorasnonatiate AsrANtiGpaked madmue fals of ealiertion o

Il echi ' . ' [
condefalet, AbRRREE bBEn s 32,33, 34 SARABKFTD! cgnmetkon, for |
exampien of aater dutlet aegirtulatetbwatet ivet a0 @s/vil ppear below, ozone

PCT/ US2007/ 01162] . shaped, st orage vol, ncl ose .
gas inlefeand evel sRBSeLAtings (es bSIbRY s PSides a1 §ibgANtall
noried) e orsnBigs neiraty Biell Ajaddhuagang ata over
level with asspedtpaicetlection trayr24 a8belb 29 mxt¢nds alongdhe length of

caondensat e. Appropti.ate, openi ngs 32, 33, ' l e
reseryal 25 BReeen 8 Tort 06 AL Ry el ras, st M & WAP

iBh! i ' ; ' Falbair
colecBF A3 24 1) B8 ot By ity el pusase
free di@ny\particulate mattee by sneans of canventianalair fiitering atthaail inlet

arti ﬁl Ited e or shelf 29 integrally formed adjacent
of the; overall SYB1eRT) ower 1 evel with respect to collection

tray 24. Shelf 29 extends along the | ength of

reservoir 25 between its front, 36 and _rear %s as .
[0039) declosablel agcess opgning 3%is Rrovidad i9ba fragt wall 38 oifeservoir

| ef t n. [ nt.ai-ni ' e
25 togio IB3HNEoT R MBlEL PesBoRE, 3 nechdsei sshd ps 16
proviié ldcees® tordhstallingaidcessast apparatusssuheaslevebsensing floats, or
L9039] A cl osabl e access openi n% g S provided in the
plumbingrer the likedsee bejawayithyn resemyofr 2 e gRAg of
cime o5 S 0738 6 st b RRpSe b e i of
resevoit252and theehppamtisity hé astalledowithiplreseivol 28 torprrmit ke

(see belgw) wthin reseryvoi 5.,.The |l ocatjon a
assetnihe ABA SRSkl o dhvAle J9ht 6k PR £loled 74 (see FIG.
16 of PPPE HssbRiatdlf with Bedas€ Bpefitng 35. The polycarbonate plastic
material is selected for strength, ease of fabrication and cleaning and its

compatibility with maintaining the potability of the stored water.

[0040] Referring to FIG. 9, a portion of a plumbing configuration associated with

sanitizing, handling and dispensing the collected water is shown. A portion of

water storage reservoir 25 has been cut away to permit a better understanding of

the arrangement of parts. In addition to the principal water storage reservoir 25,

in FIG. 9, respective first (hot) and second (cold) auxiliary water storage and
delivery reservoirs 37 and 38 are provided in the system. The water collected in

| principal water storage reservoir 25 is supplied via a water pickup tube 78
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reservoir 25 and the apparatus to be installed within
reservoir 25 to permt assenbly and di sassenbly
woOher7ae$771 A wat er tight screw cap closure 74 (Be®/USRBI/011621
16 or 17) is associated with access opening 35. The
pol ycarbonate plastic material is selected for
strength, ease of fabrication and cleaning and its
conmpatibility with maintaining the potability of the
stored water. [0040] Referring to FIG 9, a portion of
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sudden fl ow of water wll not be audible and will not

be transferred to the structure but will be absorbed
[004'HYAﬁe|§rf‘pfastm§)tr&5ugtgﬂ'm? ﬂltﬁreis_spnmry 42y the cpllegied SIater passes

coupl ed articu fil actiy
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37, éﬁasﬁéél&vblif'weﬁ wilbd dééﬁbea%m} % gravidedfigitts abditiohal
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coolinganeans se dsi toslrowdeerelaﬁuelymlq/wa&r iov drinkipg whilgjreservoir

d
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[0042] In order to insure the safety of the recovered water for human
consumption, a particularly advantageous arrangement of water treatment
apparatus forming an ozone purification system is provided in the configuration
shown in FIG. 9. To that end, a corona discharge type of ozone generator 75,
such as a commercially available ozone generator Model FVi 300S manufactured
by Beyok Company is employed. Ozone generator 75 is located in the apparatus
at a point where ambient air is available. As can be seen in FIGS. 9'and 12,
appropriate tubing 76, such as stainless steel tubing, is coupled from ozone
generator 75 to a fitting 77 fastened into reservoir access opening 33. First and
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| ocation for a user to draw water from a respective
one of the delivery reservoirs 37, 38. Reservoir 38
woaesonizs171 be descri bed bel ow) is provided w t hPCT/US2007/011621

additional cooling neans so as to provide relatively
cold water for drinking while reservoir 37 may be
arranged to provide water at a different tenperature,
e.g., hot water, by appropriate added el enments (such

as a heater), if desired. [0042] In order to insure

f r &
secor s ol CAREI RO SRndot1 BHED aresupponed
withinolesepioir 25 aeatdwsbecﬁwenm ufshtbllnwrtutgnamsuppmharms 83. The

purification_systemis provided in the c i guration
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pick @&Bi&% tég ‘%‘gétHP'WﬁeZéversélé&néél de\ﬁérrlls %‘i)‘bllé&@@'pufﬂﬂ’#@%
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pum;f esﬂeﬂtm:lwatercoutecﬁeesalvolrz?édeébeiﬁ mnﬂgoesecqndr@uxﬂm

reserigiss o7, gir CRRNE GGRHENY 1 B, Qorrae 416 BRqRB I Bfbguced
from %m&aﬂaﬁw \Wizbhé Geh@rAtor P5 rTﬁ’a igtordlifary eﬁ(pgﬁm moleculds (O2)

bul ar” support arns 83. The | ar
are conpeded tPABNB3 each are connected to a downwardly

(09 G55 BRoBHIBh s, THG 5o BIBEE ol g iooting

SUpp%ﬁ?JBb' SFand aibulao(holio ?]Qtlp}hm adnéfeﬁ'shor@cﬂ ofithe diffysidy .
ick up tube 78 has a |ower o ﬁ f&? €
StonesiB hoBhInhiSHHRY. GZONRIS SrawRiTAGI PISUR IBE 16 ibsaiize the
I .
plumﬁbﬁ(hﬁeégi ?@d’ ﬁ‘%@p@ %?é wayg}el en%lag C%Pg? goe&%\‘ﬁpr 75 may

also bestivaied periddicallygef gr atf ftauw minute aruedlalsbmhemtbe system is
reservoirs 37

ot heig GRIRcIBoR o dIBRENES WAS (e BaOVe iGNt 1B TR way, thepurity of
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@g@ﬂﬂ%ﬁp tcgﬁﬁnqsé}q {;)gqnha%l & Ilécqgcli I\l\?"\gr 5¢'B28h |sa§LTEpI%%. fhRe

diffusing stones 81, 82 are spaced apart a sufficient distance to facilitate

dispersion of the injected purification ozone substantially throughout the water in
reservoir 25. By placing the pickup tube 78 adjacent one of the stones, it is
insured that water pumped out of reservoir 25 is sterilized by newly generated
ozone. It should also be noted that cycling of the apparatus in the manner
described above, as well as controlling such parameters as fan speed and/or
duty cycle to improve condensate collection under conditions of different
temperature and/or humidity, readily may be accomplished by means of
available programmable microcontrollers and appropriate temperature, time and
humidity sensors well known to those skilled in the art. In that regard, reference
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stones 81, 82. In this way, ozone is drawn into the

pickup line 76 to sanitize the plunbing |ines and
wonewrrie3trhat safe water is di spensed. Ozone geRETASL007/011621

75 may also be activated periodically (e. g. at

fifteen mnute intervals) when the systemis not

bei ng call ed upon to di spense water (e. g. overnight).

In this way, the purity of the water at all tinmes is

ensured. Bubbl es of ozone appear in the water in

o thel et e P By bpE el £IGT 0Rle
helpfdlormin the collected water as ozone is supplied. The

di ffusing stones 81, 82 are spaced apart a sufficient
di stance to facilitate dispersion of the injected

0043 fhd bE&Hd §8n @%Hﬁ)é\% beldultably @HERPLh o dstoRding

eservorr acing the pi‘ckup tube 78
to othedipacsmeters in tife $ystesit Goeexample, @ wates level sehaingwassembly

oo vl TRk B S B ity 4
mouﬂé?fﬁ‘ég@r@@ﬂ[@t?ﬁebé N25TBAG Biterdiiy HoWAMard Ifto the

ol I'i'ng such paraneters as fan speed
reseraoi 26ris pdoviged ja sense hiorprisemes of weatenlevetin) resefiol2S. Low

woro B S o Gl P BERBI FGofr oroutor
ozon@ \RnkARbE 75 & Uird BRYPeSgeHetaRe 78IdrPOhI9TiSthenater level in

appropriate tenperature, tinme and humdity sensors .
reservoiri25da sufficientlythigh that the ezona will begmittedand,absorbed in the

regard, referenc :
watel 55 AT AP BTl AR b e
poweT tHeRit for @f@erﬁnﬁb@hpr@s@r 20epwingl 43 (StheTdevices)so that

generator 75 may al so be suitably turned. or off
produgeting ofi water pgag@shyhepéhg Nl?ct'_éfr Igvgeqlntr%eglyg%ﬁs W upper

. [ a

accefiR lifitt, PrafghLproRiBno SBMdiAng s aste fTREROUELRY 2,

float swtch 49 nounted in opening 34 of reservoir 25

and extendi ng downwardly into the reservoir [ S
(0044} B AneETgtge HELeR g AgReR B BJIC. S where
similaf By B na?‘rbe'r@d"thé/‘?ér‘ﬁé_dsqﬁqfld g0 alshbiota/aIEP 648 pRsvided

connected, for exanple, in the power circuit for )
betweeareateeoatiat line §5and the inpub toadJ)\fdarep ASwhirh saivem|ipstead

of o dRTRSakE 72, B ey PROGE B fn St L et Mty posses
fromt (g lamp assembly 39 through particulate filter 42 and through pump 43 in
this arrangement. A flow divider 66 is provided between the output of pump 43
and the first and second water delivery reservoirs 37, 38. A control solenoid 46 is
provided as shown to regulate water flow from second delivery reservoir 38 to
principal water reservoir 25 or to cold water faucet 45, depending on water level
conditions and demands in the system.

[0045] Referring to FIGS. 11, 12 and 12A, a modified version of cold water
reservoir 38 is shown. In FIG. 11, arrows indicate the direction of refrigerant flow
from compressor 20, through a condenser coil 16, then through an evaporator

(air cooling) coil 14 and returning to condenser 20. In accordance with one
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wat er. Correspondi ngly, high water |evel float switch
48 may be connected in the power circuit for

woebo7iigerrant conpressor 20, punp 43 (and ot her pdemiSe®3N11621
so that production of water ceases when the water
level in reservoir 25 is at an upper acceptable
limt, thereby preventing overflow ng and waste of
resources. [0044] In an alternative water handling
arrangenment shown in FIG 9A, where simlar parts are
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(e.g. pwﬂﬂetrange ofin0°Qen20E onswuablesfmmmar[ coxBImpliandr A ng

e o ot T B i sowor
cooldr '?Q!u?ﬁ?%stta ggﬁiprrﬁé‘édr% heredl rdll@ﬁﬁrfgﬁéoﬁ'\bﬁé/ssof R0 operate

a condenser coil 16, then
ata Ibhreoteghpenatmatbanw d behe case withput eyaporatoreail 15°. To

this &5, Jp REtopr T rupeed gt e B e 86 bbbl 5 ot

lowet I@ﬁ&é BV: (ﬁﬁ shéwh(iﬁ IS, Y 1paralndel 2A)end @ecrc&wlartbd&towlapor as it

formof a _capillary tube me'&
travem cail $9, cpgllrzg mwewrﬂ@cal%ateraewxevﬁén %et‘ﬁ?@ef end

08 ol 4.1 HAFLEoq E e 85,1555 kil e gher

ener% ﬂéﬂh%frig@l\'algmlmﬂaadmdml I fronvmguaa} evapuorator 1ig. The
1S Cou e N ara e W t t
combined YepaTisdRUNg e S SuaiRshHidPyBLoBEaROr 201 heigby’
Iml @ﬁ“&?a @ﬁ{p%? r
a“OV\}AIig %ﬁ@g&%%ﬁ cumJ a egmv\ﬂtter | nat?lgé gpéglbrmgﬁnéroa
singlecstpepressorc20 mm/rbe hsed botinfareapturing water byesondensation
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a stilf WA t8hiersidie (clg., in thd Rarigfeldf P R0 288°C Suitdble fdravurén

consumption).

[0046] it should be noted (see FIG. 12A) that capillary tube 50 (a relatively long,
small diameter tube) is connected in the refrigerant system from one end of the
evaporator coil 14 in the upper portion of the apparatus to the lower end 67 of
secondary evaporator coil 15. In the arrangement shown in FIG. 12, the capillary
tube 50 preferably is fastened in intimate thermal transfer relationship with the
surface of the tubing that comprises secondary evaporator coil 15’ so that the low
temperature of coil 15’ pre-cools or subcools the refrigerant in capillary tube 50. 1t
has also been found to be advantageous to place the individual turns of
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cooler return gas to conpressor 20, thereby allow ng

conpressor 20 to operate at a |ower tenperature than
woauw7a3bei1t he case w thout evaporator coil 15 PCTWS2007/011621

this end, liquid refrigerant supplied by netering

device 50 enters coil 15 at its |lower end 67 (as

shown in FIGS. 11, 12 and 12A) and is converted to

vapor as it traverses coil 15", cooling the water in

cold water reservoir 38. At the upper end 68 of coi

evapoigtr% Ictrqga ﬁ'{ ﬁb%éé mm Rbnt4P With S8R GBS by for @xample,

energy vapor I1n refri gerant
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onpr essor sed both for capturing
Iengtmafthe doil t¥indensation fromthe passing air stream and

to cool at least a portion of the collected water to
a still lower tenperature (e.g., in the range of 10C -

it r
0RO, T o sl AR T

appai@ius shawnie FGI t2gs |ssm§|t¢manam1eéugera SySIbmsn QUaR@igIOr

ool 14 Paginesa seperine Al (B RE g P taptf paratiel
straighP! Bééﬁénéieg ik tdgetwer geferally u- shapmbbnds awdipo hairmns

coi | I'n the arrangenent shown in F

70. Ftn§p7 1 aae provuctﬁﬁbalsog phe straight sections:69 @ﬁé@*ﬂm e f??é@ethe

e fhed R4 G LA " oot 1

halrptrisgéndélﬁm hﬁd\bolﬁ;ﬁmﬁceta:eas admoanting o ap naichaarea asrseven or
subcool s the refrigerant in 50.
eight 2tigM esto0w b of 476 B atRNA HaBo T a @rafﬁe eoutsiol e
f

o Aty 8k SRSl o i, L o o
that bwTﬂgmtlngdhﬁ duairpmsléndmw tlﬁe helr?auyderfoi rth@euapmator coil 14

sol dering the tu nst
can prawsie INFeRPd CRAJNG ALY e eased MALPLETIBRHOE MoL CISAT ARg
coméé‘r@ﬂ't?%r%ﬁ‘&em% H gﬁz‘ Hélfblﬁélehﬂé e Pt iRulatd®. Tethat end,

next provi des a nore even boiling of
blockshef instlating maatENaWZ)(eggoappmpsate moldead plastiasugbas

styrag;qarg 4 Bpghgl]alpsﬁlgﬁ;\é Ig? {15% Ells%hogﬁﬁblv\kﬁ& 1% &hd 182 B3¢, are
provided with appropriate molded slots 73 configured according to the locations
of the hairpins/ends 70 in the evaporator coil 14. The insulating blocks 72 are
self-supporting and are placed over the hairpins/ends 70 where such ends
extend from the generally rectangular shape of coil 14. The insulating blocks 72
are not shown mounted in the drawings but, as shown in the drawings, they have
a flat outer surface 73 and cover the coil ends 70 in the apparatus to insulate
them from ambient air.

[0048] Referring to FIG. 16, a partially assembled system embodying various

aspects of one or more novel features is shown. In particular, one geometric
arrangement of an air duct 11 is shown having a generally rectangular cross
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apparatus shown in FIG 12, as is customary in

refrigeration systens, evaporator coil 14 conprises a
weeoansirne array of tubing having substantial PgT/US2007/011621

parallel, straight sections 69 joined together by

general ly u-shaped ends and/or hairpins 70. Fins 71

are provided along the strai ght sections 69 of tubing

to increase the effective surface area of the

evaporat or tubing 14. However, although the

soctefch P 0880 B St A R o2 BHAHS et Goper
(ouﬂe@fa@ae operative tubing, they are disposed outside the

air flow and do not contribute to recovery of water
fromthe air. It has been found that by insulating
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the SAAUPIIHS] GRRISUoDS PR SXRBINAILABPG BFS SapY 1neaghgf FIGS. 16
' | iBhS wilk Bk thi pegsersisiaNed in this
s {71908 HobloRchfgfuend i o epparant s e
art. extend fromthe generally rectangul ar shape of coil

14. The insulating blocks 72 are not shown nounted in
t he draw ngs but, as shown in the draw ngs, they have

[005@]h'ﬁ'|é‘griﬁéib§rta§ld§ bRaR td Waredcarversiohhas oellllasdovsterperature
t'he apparatus to insulate themfromanbient air. .
watef distijation-and desglination ate wejl withinthe; capabilities @l%fﬂeeﬁbo"e

system e dyi [ous aspects of one or nore novel
desqléggm\@\qgg %Wg‘aﬂ‘).’{ﬁ%?'parti cul ar, one geonetric

arrangenent of an air duct 11 is shown having a
_ %ener ally rectangul ar cross _ 20 WO 2007/ 1%37 ghg
[005pAcemdingly, onhikpane seeore preferred empediments of the prgsepty
i i | daPgd Hetei ing'ud At 'of features
invefidtf AR sttt bl giep isinaRBkng L yaivalif of feptu
and é6mbiretiont thersaf tit should beaaderstdod\tbe imventioboday he

vari ous aspects of the inve til?n. I s, shown. .1 n BERS! %I
embpdied othgrwisg than as herein specifically illustrated or described an that
within the embodiments certain changes in the details of construction, as well as
the arrangement of parts, may be made without departing from the principles of

the present invention.
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17 are simlar but, in FIG 17, air duct 11' has a
smal l er, generally rectangular cross sectioninits
woawerispoiti on and a | arger rectangul ar cross BETHISL007/011621

inits wupper area. In addition, typical programrmable

m crocontrollers 86 for controlling the sequence of

oper ati ons as expl ai ned above are shown in each of

FIGS. 16 and 17. O her suitable configurations wll

be apparent to persons skilled in this art. [0050]

CLAIi\&ge princi pal tasks of air to water conversion, as
as Iowterrperature wat er distillation and

l'i nat th th bi | th
above ABRIGRISIT SHRRSHD POURIESAIEE Famsal paGRIFng' "°
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pot abl e wat'er fromair conpr © an air

of saldirst cagling ARIBREHES SBILIGH GE alfiRATsss VAT BAIKSwiRe of spid

first Cgﬁﬁ'i@?% éth for collecting anbient air and

Ing’said air in a predeterm ned direction
t lrrirghry waiedl cdllettiort Vessebussociatedngtaat least saiddirst cooling

wthin said air Gt first cooling el enent
ebmﬂ%‘\/fphﬁoﬁﬁcﬁ'ﬂﬂf%cﬁﬁ%‘g%iqgu Q&PE{W{ hin sai dI dgct sai d
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ew poi nt o said air t her eby causi ng
Ioop l:efhgenmt byele lin aiich saiddirst eodlingrelemephisca §tst exaporater-and

i
compisHg Nt ;

a second cooling element comprising a second evaporator and a
secondary water storage vessel coupled for receiving water from said primary
water collection vessel, said first and second cooling elements being supplied
with refrigerant by said compressor for respectively collecting liquid water from
the air and for further cooling said collected liquid water.

2. Apparatus according to Claim 1 wherein:

said second cooling element has a metering device connected between
said first cooling element and said first heating means, whereby refrigerant
leaving said first heating means is evaporated to cool said second cooling
element and thereby further cools said collected liquid water to a temperature
suitable for human consumption.

3. Apparatus according to Claim 2 wherein:

22



a primary water collection vessel associated with at
| east said first cooling elenent for collecting said
woabd7acsi7bl e 1iquid water; said cooling el emenPCras2007/011621

included with a refrigerant conpressor in a closed

| oop refrigerant cycle in which said first cooling

element is a first evaporator and said |oop further

conprises a condenser of said refrigerant, and further

conprising a second cooling elenment conprising a

secand evapar r : Y t;

- SRR el siEnteamBRet f o MRl iR Uil contact
with $6d Seceldry Watenstoesgeevessel ital coolrstid eoliected dqdidowalerng

el ements being supplied wth refrigerant by said

conpressor for respectively collecting liquid water

fr ' ; WHreincol i ng said col |l ected
4 f\%ﬁ}a&é@gtagh&w p%!\arJa{f%s ag%lgr'di ng to Caimil

wealdmetering devies suppliexfsfrigeranttoesaid icall ofi saist sedong

_devi ce connected between .said {irst coolingele .
cooling Blecaenl A Aid FRAIBG davisecs o Hsrita) SRBHEF SoRtARt with said
coil. | eaving said first heating neans is evaporated to cool

sai d second cooling elenent and thereby further cools
said collected liquid water to a tenperature- suitable

for hunman cons ian.. 3, aratus according to Caim
5. 2’%&@'@?%:3909@16&&%83?'}‘131%3%/ US2007/ 011621 sai d

S eCi thet@Md Beviek HRNdais BN aré ebniAected lto éash @tissh amd the

thermal contact wth said secondary water storage

combinatien isteoupled insparallebwitk saistfirst eepling element ko return
. Appar.at us. accor di to Caim3 wherein : said netering
refnggﬁ%ﬁtctg %g?'?"é’g%sg’?n gerant to said coil of said
second cooling elenment and said netering device is in

t hﬁﬁﬁ%%tdsr é&bﬂéﬁhg% Biafh 1Whéreiirsaid first dooling elementit us
according to Claim4 wherein: said neteri n‘? devi ce and
comprses 2 piurality of elnngated sarpeatingcoilseonnacted fpgether by

hairqgcggsipa %tnigggﬁgath%ﬁ’lﬁms:gﬁ* %nﬂg'hgwnﬁls bicB at8h Dultdibs said air

flow, the apparatus further comprising:

thermal insulating material surrounding said hairpins and ends.

7. Apparatus according to Claim 6 wherein:

said thermal insulating material comprises molded insulating material
having parallel, relatively flat first and second surfaces and a plurality of molded
slots in an interior one of said surfaces for mating with said hairpins and ends of
said coils so as to insulate said hairpins and ends from ambient air.

8. Apparatus according to Claim 1 wherein:

said primary water collection vessel comprises a unitary molded plastic
container enclosing a generally rectangular storage volume;

an integral condensate coilection tray forming a top of at least a portion of
said container and having an upstanding lip and a downward sloping floor from
said lip to a central water collection opening;
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refrigerant to said conpressor. 6. Apparatus according
to daim1l wherein said first cooling el enent

woaopridses a plurality of el ongated, serpenti nectaisb®7/011621

connected together by hairpins and ends, said

hai rpi ns and ends having surface area outside said air

flow, the apparatus further conprising: thernal

i nsulating material surrounding said hairpins and

ends. 7. Apparatus according to Caimé6 wherein: said

thermal Jin {l tar i Ii

 Adtaron{ah g d Bty GEGRTAgS o hdcition of water
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and hamiditng delices tandrclearning landoemptyings obliquid frany said| waléme.

plastic container enclosing a generally rectangul ar

storage volune; an integral condensate collection tray

9. f%ﬁa?&u@a{c%rd?ﬁ ?dC{IjﬁﬂlSBV\ﬂ'le?@Hi on of said container
an

aving an upstanding |1 p and a downward sl opi ng
f Isait contaimer saimoldedbof irarsparent pelyoribenateoplpslie.i on
openi ng; 23 WD 2007/133771 PCT/ US2007/ 011621 a
hori zontal |edge having a plurality of openings for

10. | DSRraRR Ricodihgto ClaiRno WhEremnd wat er handl i ng
devices; and a seal abl e access openi ng at oneb end .
t teaidbwatérdreaiment devige LoRRISaSAN AZONG SHRRIY dibe maunted in

vfol une tqQ permt insertion and assenbly of said water
one ¢l Rk ' and handl i ng devices and cl eani ng and

enPpiir 08 spaced apad ozonedispehsess cotpled fo Apidesupplistube and
according to Claim8 wherein: said container is nolded

extengding intesigid valNRs3Pdar bonat e plastic. 10. Apparatus
3;;\%”8%@%%%59 E50p1dq 6 &ath bt s §isPBhsrs FoCAIgBYihg ozone

rises dn ozone supp mounted in  one
into whterwollected;in said volume.

11. Apparatus according to Claim 10 wherein:
said water treatment device is insertable into said volume through said
sealable access opening.

12.  Apparatus according to Claim 1 wherein:

said air movement apparatus comprises means for varying the flow of air
within said air passage duct according to the temperature and humidity of the
ambient air.

13. Apparatus according to Claim 12 wherein:

said air movement apparatus is responsive to a controller for varying the
flow of air within said air passage duct according to the temperature and humidity
of the ambient air.
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a pair of spaced apart ozone dispensers coupled to

said supply tube and extending into said volune; and
wanowzaes@idi f fuser coupled to each of said di spenase®7/011621

for supplying ozone into water collected. in said

vol une. 11. Apparatus according to Caim 10 wherein:

said water treatnment device is insertable into said

vol une through said seal able access opening. 12.

Apparatus according to Caim1 wherein: said air

r RS, th
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t bﬁdd-gwaht ehtarmdam'ty & wfg'getantmirculaﬁng Jaith émserigs with 3aid
aratus accordjng to a
refngmﬁempraﬁmrm §str<ers%'9f%a 5&095" E%SH?‘?‘&M'%R%B&W"“'"
d
said 4 pirdiad dGwnsueiindlr S3id ndatiry Blchiurt, & 1 pacoagh duct
ambient air. 24 V\D 2007/ 133771 PCT/ US2007/ 011621 14.

pa ratus acco n 1 and further conprising:
15. ALRNS r"‘WQS I’ﬁ‘gﬁ?{@qgj‘ ?Werant circul ating path

' %aﬁﬁ&é%ﬁ g’#ﬂééténalb%n él?f:bbl&ﬁrdﬁ%uﬁém%fé‘rsor and at

| east one said cooling elements disposed within
said air passage dovvnstream of said heati ng el enent .

16. o cpatatis Rf EXedl skl Ele i Einkchvaihg gn 4

passé@e dbRe sk Movémentuppacitis\dispesed Mﬁthwasad d“ r paswge duct for
onprising an air_ passage duct; air novenen

colleetmamhmtcallsm eifculating saidaitinaa presipiemgised &’éftec’ﬁlem through

i AL B4 SR B PR

said fifs® cbbing eRsmait dp’erahm ata ltuérhpeﬁatareeat ofi salowdhe detrhpoint of
sai d duct said first cooljng, el errentfgg_ﬁeratl n

said pis flowt, Ahereby-nausingegliestiblgdiquid walentp on-§aid gP&ace area
of sabdnﬁr‘gg Fégf;r‘rﬁjgf Pkﬂ&ﬂfé%l& AbheS diPpSsddset s4fd Shrfa&e bRl
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first cooling element;

a primary water collection vessel comprising a unitary molded plastic
container enclosing a generally rectangular storage volume;

an integral condensate collection tray forming a top of at least a portion of
said container and having an upstanding lip and a downward sloping floor from
said lip to a central water collection opening;

a horizontal ledge having a plurality of openings for insertion of water
treatment and water handling devices; and

a sealable access opening at one end thereof for providing access to the
interior of said volume to permit insertion and assembly of said water treatment
and handling devices and cleaning and emptying of liquid from said volume.

17.  Apparatus according to Claim 16 wherein:

said water treatment device comprises an ozone supply tube
mounted in one of openings;
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of said first cooling elenent as said flow of air

passes over said surface of said first cooling
wehkemans77ia primary water collection vessel CcORPTiIUS2009/011621

a unitary nol ded plastic container enclosing a

general ly rectangul ar storage vol une; an integra

condensate collection tray formng a top of at |east a

portion of said container and having an upstandi ng

lip and a downward sloping floor from said lip to a
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extenﬂrngahtm@b primamalater calicitiongvedsel associated withsatleast said
ccess opening at one end trereof forMEq ovi di ng access

first CP@"HQW@"’*‘“‘!&H"@N epllesting saig collegtiple; iayd water i nserti on
3%%!92%?%@@ (?Ye En?%‘ |HCIW3§8 'imlthr £ ?éfﬁﬁ@?aqt%?nﬂié riR% closed

eani ng and enptyl ng iquird from sai
loop refrigerant dytle Apwhicht said dicst @odling eteméntdis a first evaparater and

er treatnment device _conprises an 0z I
said QD SRS FAVRRY 965 B RANGFNSSH B SRGLIeS AL A6 sgh 1)
comp?gHIgUSZOOW 011621 a pair of spaced apart ozone

ensers coupled to said supply tube and extending

i atsecond qoaling relementcomptising i sgcondsevapaiatos engdia: d
| east said

secoig afate,ouage Vetenticolblect 8 roctyifi SR} o saja primary

watelcétﬂiécﬂgn %@ganbaidsﬁrbf‘éﬂ\d@@ébnﬁ &doling Slbfrichns Béi‘ng supphed
onpressor in a closed |oop refrigerant cycl

in
with Mﬂlgﬂraatalhy said sonmeassorgorempsmvelt calletingt hc&%p’aﬁ%&fmm

d
the aft g SR R Saai AT ef R i SiBE 000 % oot ng
eldRfREr conpiid ® edchiofsaid dispensesy for supplyihgrozone info water

secondar vvater storage vessel coupled for receiving
collelgddn spidovRluBN®. prinary water collection vessel, said

first and second cooling el enents being supplied wth
refrigerant by said conpressor for respectively
18. CcOlA ansthod of estractingrpetable watertfioen aimcamnpriging: f urt her

¢ occl)rlclulna |nsgaa|u$I lncg lplrgé:étglgmllnleg lﬂir%cwgrti %'idng a flow path thereby

creating a flow of air along said path;

providing at least a first cooling surface along said flow path and operating
said cooling surface element at a temperature at or below the dew point of said
air flow, thereby causing collectible liquid water to form on said cooling surface
as said flow of air passes over said surface;

collecting said collectible water in a primary water collection vessel
associated with at least said first cooling element;

said cooling element is included with a refrigerant compressor in a closed
loop refrigerant cycle in which said first cooling element is a first evaporator and
said loop further comprises a condenser of said refrigerant, and further
comprising

transferring at least a portion of said collected water from said primary
water collection vessel to a secondary water storage vessel which is cooled by a
second cooling element comprising a second evaporator, said first and second
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di ffuser coupled to each of said dispensers for
suppl ying ozone into water collected in said volune..

wa&007A351 hod of extracting potable water fronmparms2007/011621

conprising: circulating air in a predetermn ned
direction along a flow path thereby creating a flow
of air along said path; providing at |east a first
cooling surface along said flow path and operating
said cooling surface elenent at a tenperature at or
- he ; 2RWr fGrusi ng
cooirBHeh 6 pE Aefled it fifoerBhf by Sl cdmipletr I
respestivéipcellectingsliquid water fiomehe girand fordudhesesalingusHidce;
collecting said collectible water in a primary water
collecied l"é'é'f’i"ﬁ%efressel associated with at least said first
cooling elenent; said cooling elenent is included with
a refrigerant conpressor in a closed |oop refrigerant
cycle in which said first cooling elenent is a first
evaporator and said |loop further conprises a
condenser of said refrigerant, and further conprising
transferring at | east a portion of said collected
water fromsaid primary water collection vessel to a
secondary water storage vessel which is cooled by a
second cooling el enment conprising a second evaporator,
said first and second 26 WD 2007/ 133771
PCT/ US2007/ 011621 cool ing el ements being supplied with
refrigerant by said conpressor for respectively
collecting liquid water fromthe air and for further
cooling said collected liquid water. 27
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