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WD 2004/ 094317 PCT/ US2004/008861 1 FIELD OF THE
| NVENTI ON 2 The present invention relates to a
wowioe9sondensi ng apparat us, and nore parti cul BeT/¥S2000008861
a 3 thernoelectric device which nmakes potabl e water
fromthe air. 4 BACKGROUND OF THE I NVENTION 5 In
recent years, it is becom ng nore useful for people in
both offices and in the home to 6 drink bottled water
rather than water froma water tap. Countless other
situations exist where 7. water is difficult to obtain
or where the quality of available water | eaves nuch to
be desired. In 8 nma cases. thi reates a need
to carry the wat er B} i&ﬁit was
purchased to 9 the place where it will be used.

AqeRpesBEH iMvertioR k&afed¥ra %t%ﬂc@xﬁféﬁsﬁg taﬁ;?ﬂ?ﬁt%s LRAdRERY b8Bicularly, to a
on-site 10 water generatl on to allevia

f ts have
thermﬁ% ]i%{?ljing ggwr(%[ %}ﬁéﬁ%h{ef %8 atbféovﬁ%atpreé&}]ﬁ%%épgf conventi onal
~conpressors, refrigerant, and evaporator and condenser
12 coils. Sonme BACKGROUND/OFEHE INRMENTEOMK! r act
vvater vapor fromthe air using thernoel ectri c 13

chnol 0 smal.l scal e, ch as, w | ose
y S SO RS RO LD S el Th bt e the home t
beneflt of using cooled air for reasons ot her t han
drink peigled mgtes rathen thalwmer fram avatgr tagsCpuntlessothpesimgiens gxish where
refrigerators found on aircraft. 16 SUVMARY OF THE
water ISNVERETILION ob i T tiewhere stenqualitvaraviaidablpwater thasesampcett miHeadesired. In
wat er generat or designed to produce potable 18 water

many ch@Biib elsa liafi b ndéd tolimyGhé R iteARGmehE $ldcd @here it was purchased to
t hernoel ectric, sensing, and conputational 19

the pl&c%cvl}‘ﬁk% R%lﬁ%e%ggd ‘Aclag{ i angﬁke??é(\?ecﬁe%n s g SHEI;%?& Provide on-site

nbi nati on that saf Iciently
Waterggﬁe%gt}ogltt\a%gg; ﬁ{ { e@ﬁfpgo 1P \P{}\ngbzah?fg@%sg\i\ﬁa}t%renrpts B uth zed more

d04/ 008861,
tradltlona met ods of conventional compressors, refrigerant, and evaporator and condenser

coils. Some attempts have been made to extract water vapor from the air using thermoelectric
technology on a small scale, such as with a closet dehumidifier. All known attempts have
ignored the benefit of using cooled air for reasons other than cooling a small confined area, as is

the case with refrigerators found on aircrafi.

SUMMARY OF THE INVENTION

The present invention provides a potable water generator designed to produce potable
water from the ambient air using new and existing thermoelectric, sensing, and computational
technologies and other known devices in a unique combination that safely and efficiently

extracts potable water from the ambient air in a wider range of temperature and humidity
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1 conditions than traditional refrigerant-based

systens. This invention deals with maximzing the 2
wetduodsnty of the dehumi dification process byPCHUS004/§08861

utilizing the cooled air to cool the heat 3 sink of

the thernoel ectric device, supplenented, as needed,

condﬁﬁ‘ohi‘ thaH YaliitOna reﬁ'fgéka%ﬂb a5y RERS S This I RNE6 PI i g@ﬁﬂtmaxumzmg the

sink. The invention a so deals with contro

|
etpidy %%h%ﬁlﬁ%w R R B R o} thoea
. ates the dew 6 point. 7 This inventiaon provid
sk qfcﬁl ReSIIE (oI eP RNt s Ppcsie ot pAgi ol apibiengair passed
cooled processed air to further increase the
over the hidisérke Fhoinvsobon algo terds with comtedlbing theaitfiow irsietdtion 9o the
thereby significantly increasing the efficiency of the

inconday ambiend bir tenopetituaandhke &nmefaarre of e@ cold dink Adit relates to the dew
addi tional anbient air to further cool the heat sink

pointdS may be required. 11 This invention provides an air
duct that al so ser ves as a neans to capt ure the

h
QRS Efon 2 8L ARRL Ty B4] bl 0B g
oo S B R Pihesi

of the 15 anmbient air and a nmeans to control the rate
therehysigiifivantly iagreasingihe ifiaienchiof thel d¢vicenkhis dhetonn b seppdemented with
16 maxi num condensation of the existing water vapor,
additigmal lamblent pire futhea ool ithe lofat sinb enaag ba Fequedgy, and
over a wider range of tenperature and humidity

eshisdnvsitiod@rdHile dnirediict At AEOYri@Sasd meLE itd @ap'tﬁ}le &le condensed
to the treatnent or stor age area (pernmanent or

water VEHRALA! rdY\)erﬂi iR sub %rftf ng}l&? ﬁ%(@’ }){)stg%égé gb a closed,

strategi c placenent o traV|
Xit fron1the air duct into the treatnent or
Cmﬂum$ﬁ£%§§ area. This invention al so prOV|des a 21
mthe water treatnent stem using the

ri.le exit fr
iﬁlé IYHPR BrATasy? TPeitivg mpeps meéﬁr@ﬂneo P EXigting dow peiat of the
water exit point fromthe treatnment systeminto the
ambiest ¥ aifka Bycans tarrdnivel thivetesd ambeitrair flovooverttke cA8 sink, which allows
storage area. On |arger nodels, this nmay be
maxinaoe oomplehsdtipd ofithidexastmgoanet V\A{)bﬂ,l ksidth the minimum amount of expended
energy, and over a wider range of temperature and humidity extremes.

This invention provides a sterile inlet to the treatment or storage area (permanent or
temporary) of water condensed from the air by the strategic placement of an ultraviolet bulb at
the water exit from the air duct into the treatment or storage area. This invention also provides a
sterile exit from the water treatment system using the same strategically placed ultraviolet bulb at

the water exit point from the treatment system into the storage area and/or the exit point from the

storage area. On larger models, this may be accomplished with a second UV bulb.
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2 WD 2004/ 094317 PCT/ US2004/ 008861 1 This invention
provides repetitive ultraviolet sterilization of the
wee@inested water, and 2 again as treated watRBCT/USH0H0PS8861
the sane strategically placed ultraviolet bulb, with
ultraviolet 3 transm ssive tubing. On | arger nodel s,

L RG0S AEFATPLLANRA iirkiioiee SEB0ARoMNE il Rotreafbd water, and

THE DRAW NGS 5 Qher obj ect

. nd_advant ages, wi |.l .0c
s B R P B el i B B MR o
preferred enbodi nents, and the acco any| drawi n
transiipsiy terng. On lergstmeodels; hismarbrsrspmpl §1r6éémar @chadgwbulb
enbodi nent of the |nvent|on I't depicts onIy the 8

features per 8 F Nfe
show al | of t he ot her features such as vvater and 9

ai@théd dUj @IS fedtibrbs ad aivatitagesPoigiuicess tonhverskARd in the art from the
el ectrical diagrans, cabinetry, and control panel; 10

folloxgl.ng ‘dl%&rréﬁhﬁ S?t}éﬁﬂﬁgﬁéd EmBbRAEAR) 8ld the RERHRIaR G 'ﬂ% dravrgngs in which:

|nvent|on 17’ Flgure 3is a

diFagfr ?“éf é F?héagaa%(ig%%ng gfrsT%lnesn%loﬁéﬂ%lt ] ecgl%lgt?cj ftyd%plc{n s only the

sc enatlc vi.ew of an alternat] od| nt of the
Borer ST A

featureﬁgg'ltﬁnmgg o tisynveniion: | does »ot;s gcfﬁ%tﬁgéﬁs |sEch as water and
si de cross-sectional view of another aI ternative 15

air filtons oditavialet exposues, powerrandiecirics! dEFAMSECDDESORMET¢aDo] panel;
OF THE PREFERRED EMBODI MENTS 17 Water generating
d@igire2 30a scheoratlc dggtam dha prefamedrembaidiméns of favinvémiion;
Figure 1. 18 Thernoelectric device 32 has cold sink 36
C gnRfre $€a BlocR dRgrRe b Bb efelréhnisd @gnsﬁﬂg"zﬁldeb%nfrbﬁi}@ﬁh{ of a preferred
19 coupled to the cold side of devi ce’ 32, and
+-38 conprised of heat sink fins 39 therrrally 20

oup ed to the hot side of devi ce 32. Bl ower rreans 40

fans) rect st.r
ﬁ%ﬂéﬁ# IS oS AR PR 3BT GedtbaiBeny oF thdpgsptions and
its dew point to condense water droplets 42
Figure 5 is a partial schematic side cross-sectional view of another alternative

emboa

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Water generating device 30 according to this invention, is shown in Figure 1.
Thermoelectric device 32 has cold sink 36 comprised of a number of cold sink fins 37 thermally
coupled to the cold side of device 32, and heat sink 38 comprised of heat sink fins 39 thermally
coupled to the hot side of device 32. Blower means 40 and/or 41 (such as fans) directs a stream
of ambient air past cold sink 36 to cool the air below its dew point to condense water droplets 42
from the air. This also cools the air. Passage means 34, which may be an air duct, is arranged to

direct the air cooled by cold sink 36 past heat sink 38. Since the air is cooled, more heat is drawn



10

11

12

13

14

15

16

17

18

19

20

21

22

23

22 fromthe air. This also cools the air. Passage
nmeans 34, which may be an air duct, is arranged to 23
walreoao943the air cool ed by cold sink 36 past heRC€T/BE520k4/008861
38. Since the air is cooled, nore heat is drawmn 3 WO
2004/ 094317 PCT/ US2004/008861 1 away from heat sink
away %%{n e gi'ﬂk'3'9%v§ﬁﬁ?ﬁcg€zﬂ‘@s b lelridi GRS FAbvide 32 GRusdtrab ikkSor
extr con

acti hg of ensing nore water froma given
ener input.. The air fl ow.i e
condcgRighloge Wi o oV e @ e ol A8 Yo AARN Sy o . 3, . D
storage, and _delivery are not sho in this drawi ng 4 .
E anfd Kiealates coblspers dsatment siop s A7LIvaD: atp Aghgigiva i this drawing

anbi ent air over heat sink fins 39 can be 5 achieved

for clavity pugnosesidi suppleatenthliair floiw ofcambient @dr ov3r bewd sipkifing 3P ean be
speed fan or blower 44 that blows 6 air in the

achiewdrveih i@ addifiomsl dawy ot enfiancecd Baridt wariableispeegixian br blower 44 that blows
positioning is not showmn. 7 A nore conplete preferred

air in (IRAACAEAbE Sow 7 PURERFiHIGER eRhd: gasiasmhg & Rt shdW$
invention 8 is shown i Figure 2, wheréin device 28
illustrate . erd.q ' . ‘s .
| AIRE G iere PR ARG FRAR Rl bl device gf s invention
i knaown,. f eatures t hat . .he preferred or desired wihin .
is shogyn 1 igyg Préi @g@@ﬁ‘ ‘%lf %%éﬁ%ﬁ“%&‘éxﬁ%@m@eﬁﬁ SFEmeRt tﬁr’ifus myention.
incoming anbient air inlet 1 and a processed air ) o
For clatity, #tdogs net shaw addidipnafkngwnFegpies ithat a1y bainrefgized ondesired within a
Ambient air is drawn into the ductwork by
completdly aiicessfideledicean or blower 2 13 and forced
t hroughout the ducting system It may be suppl enent ed

byrheseiit a aldoRRhEarfpiefchif Akt Qrand hfprédeasrairdoutnSadthe ends of a
addi tional duct air entrance 43 and vari abl e speed fan

contixﬁlrgu% %i? ﬁgﬁol\%;. nérft G438 bifalrn i?{é) thd BhdtwBHAEY Vﬁ&%}é—ép‘é@& Eaglsor blower 2

closed inthis air duct 1s cold'sin
an eat . Si . .On 16 t lLectri .
w1551 BE8 ST iRt P PR St spec o
as desired), between the 17 _hot and _cold_sinks . to
Shi

blowes Aogister addeionahdiet ar GRigance4s apH veneble sregd S bipwer 4. For clarity
tenperature gain on the 18 heat sink. 19 As the

their exedt peditimining ie aveshowneEndbstddn fiks 8ir ductiis cald vimktSeand heat sink 6. One

directly over the heat sink 6 by
or more thermoelectric devices 7 are positioned (in parallel and/or series, as desired) between the
hot and cold sinks to produce the temperature loss on the cold sink and temperature gain on the
heat sink.

As the cooled air leaves the cold sink 5 it is diverted directly over the heat sink 6 by

ductwork diversion 8, which increases the cooling capability of the heat sink as opposed to the
cooling capability using only ambient air, which by definition is warmer.

Ductwork 14 has a lower outlet 9 for the water that has condensed and collected in that

area of the air duct. Outlet 9 also serves as an inlet to the initial water storage and/or water
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20 ductwork diversion 8, which increases the cooling

capability of the heat sink as opposed to the 21
wa@owkiopgiTapabi ity using only ambient air, whPChub3004/008861

definition is warnmer. 22 Ductwork 14 has a | ower

outlet 9 for the water that has condensed and

treatrﬁ s§§[€:ﬁq 0! Pnd it 1o ﬁﬁ e@&?g ?{1 tridiRet S{XthHlCIEO is gﬂ(itls&éd gy an-

SO serves as an e |n|t| er “stora

ultra\fl&ggﬁgltgﬁ? vglg}gl% Ay ¢ g%éﬁ'/ﬂggg %’%té{l et18 cg 02 0088%&[ 13fp water sterilizer by
treatnment system 10 is protected by an 2 uItraV| ol et

bathing yhter psssiitgi tfpugh pudgtdgn g@ray@lg@l%tt sVlrgviqdeti lighg{ 5 can also be used
and/ or an inmredi ate water sterilizer by 3 bathing

to stevifizeair et sntey witerotigrhgeoddvices 19 and 16las water i withdraghtfrom the storage
Utraviolet |ight 15 can also be used 4 to sterilize

devicad. I THiB 3&n BHaRbEplshedIwitl &1 A0Fasdadd waHrikingaibing Gr ?ﬁ)mg 22 and 23
water is withdrawn fromthe storage 5 devices.

with &?enenk&‘?n 3CORIAR et 511&?% g? Slgrf']é)%&d E@chsﬁgtechg Qﬁfpfs'b%ﬂég in light from

tub |ng or pi pi ng ne end

u1trav1 {) gé ﬁ;ﬁﬁt ‘8%( %flrr}g %ﬁeﬁ ged]: ai%?lgqﬂ%gﬁ g.{lf)(l:liii]g éﬁ%%{jlfé@%lﬁﬁ(}3 thus
is way, air is sterilized as jt enters tubin

1ﬂnb1§ﬁg.°ﬁata212na&1ﬁa of the wiigisingontaisiers k1 #ng 1o Adushvenk 4o¢1scbmay contain
the water in containers 11 and 16. Ductwork 14 al so

ultravirelgt tydbst 1§ and 17 tolstaridive odldtsiriuf 4wl ledt sinkl 6,1iEspaotively, as well as to
sterilize cold sink 5 and heat sink 6, respectively,

sterilias theelit whide incductfbrktieri | i ze the air while in ductwork
14. 11 It is necessary that the incom ng anbient air

bgt & RebRshrl hdi AR iHENLRE aPbidn? af? hE @601k tRHe Ay I;D%lttlﬂ ®rder to allow

wat er vapor to condense fromthis air. Device

the wgtgf %ﬂ& ?oeiondgﬁseq?ov}% Pn% 5% Weﬁf Za&e%rmlges e ge\g BP%‘E mperature of the

nol ne

. of t air of bot h 14 te erat yre and

infet L AR GG 1 Har OBy ARt TaPeng! (heyaripsr of both
Device 12 wil] then control 15 the desired )

tempergiseangiraletvohumidity dlet anayiepist plany) sivesn tirae. gvigsel Zowilt then control
dew point) by determining the 16 cold sink

the deswapEngeratee ofitit wdhsinlo(dt iqagt 4t e beloiwthre dew gospeieddaérmining the
the incom ng anbient air over 17 the cold sink by

cold sekntefn@klatirgl, andRohtdsing tHI&0RREE Ald Paad oshe estorfing AMbRAL air over
bl ower 2, fan or bl ower 4,

the cold sink by controlling, in turn, the operational speed of fan or blower 2, fan or blower 4,

and fan or blower 44. A sensor 21 for determining the temperature of the cold sink is also useful
for accomplishing this goal.

Ultimately, the treated water will be diverted to a permanent or removable container 11
from which the user may remove potable water. Container 11 could also be split into two
containers, 11 and 16, one of which could dispense hot water, and the other cold water. These

containers, whether one or two in number, and whether permanent or removable, can be plumbed
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18 and fan or bl ower 44. A sensor 21 for determning
the tenperature of the cold sink is also useful 19
wo evo4@gsonpl i shing this goal. 20 Utinmately, tPEI/US2004/008861
treated water will be diverted to a permanent or
renmovabl e container 11 21 fromwhich the user may

to any Iﬁéggt‘ﬁﬁl APUSNB0MBE ' a reffofd ﬁbﬂgé arkd, $6M4hd P?dv‘fé?orpgf &)Q)Féélt and/or

two 22 confalners 11 an 6, one of which cou

heatenggvr?f %Prhh a\t&ﬁ%%l%é?e @ E? méﬁ]ee\%atﬁlg hg\@t%Falgg c%ﬂgltnﬁlé?rsas it is
manent or repovab) e can ) )
extrachesh a4 MW iPT ERHMESEB9A 26 (98‘8]@%6 ufeff ® %ﬁythﬁ S%E}t?ri I Hhegiorage container
device 30, or to a rennte storage area. For the
Orasmﬂ%mﬂgwwd of cooled and/or 2 heated water, water
heating device 19 could heat the water in the storage
Cc Piguaé B elilushtteashe rfelatisnshigydnddaicedtivianbét@eenht @perator control panel
cool i ng device 20 could be used to cool the water in

43 (wftﬁ SwitIRABE6F MY 64)NEk m(ﬂca%r el 44, tife Gk 3&B@éésm§ unit (CPU) 42,
Figure 3 iflustrates the relationships an

and acld?ﬁc?rLa?% ﬁ&%e\égsqgéﬁvfﬁégor;rﬂ%r xg@)eo%%%%srentcﬁgﬁéllo%ntlr%ag %?rgtgggontrol
switehg 43 e G T OOy Ot i ek ofSeigpey operation

in their entirety. Oﬁerator control 8 switches 43 may .
switch ¢% | Thgsyspmangy ksgnabled 3 operaterinWhepis call¢don nominpld mele, and what is
and efficiency operation 9 switch 65. The system may
calledba “effaidrey” modepLopdratiom Tntilad ndrmai:aiokie,cbpareitinm isnaintrolled with an
node, and what is 10 called an "efficiency" node of

on/offapaich! TiPthis ¢ale, tACuMOWITRbp TR SveOPRIRIkOSE d bR 'b@x'ldlﬁéhs and
wth an 11 on/off switch. In this case, the unit w

actual%’ﬁé r@d\f?:Yl@ﬁ rﬁeé"évﬁ?vcfﬁ? Q&%r&’iﬁ%l?miﬁ At ﬁfﬁ&@ﬁdfﬂq&{?of o%@&tlon the

wat er pr oduction r es VVI
r di f f ti
Systen"i%cpgfy%’{a ifatar b et éfﬁl? Wﬂiom%? SRRy gl yater

perat e autormtl cally onl wat er 14 production
produgtigsates age 3T abovgﬁm@tqsweeqlﬁ@%éy gﬁégpgra@anw Fogeexample, the unit
progranm ng. For exanple, the unit 15 nmay operate
may opefile aphewhemthedlew geditns suck thaidhe wkiticantthekemipecifiad vobikes of water
a specified volune of water
per specified time period, for example 2 gallons per day. If the conditions are not such that the
unit would make 2 gallons per day, while in the efficiency mode of operation the unit would not
run. This will assure satisfactory water production rates at minimal energy consumption.
Typically, when in efficiency mode the system would automatically sample ambient air
periodically, for example twice an hour, and as a result either turn on or turn off, as appropriate.

If the unit was not running before such sampling took place, the system would automatically turn

on the proper blower(s) or fan(s) to provide ambient air to the sensor, and if the dew point was
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16 per specified tinme period, for exanple 2 gallons

per day. If the conditions are not such that the 17
wairiot/onsut d make 2 gal |l ons per day, while in tP€I/US2004/008861

efficiency node of operation the unit would not 18

run. This will assure satisfactory water production

sufﬁc\ﬁ;ﬁft ecﬁe ﬁl'iit ﬁidrfﬁén FREIBYn é%ﬁgéiﬁ%tmé QrafeY PIGHRE W¥w goint was

ficiency m)de t tem woul d aut onmati c

ien d nple tw ce
msuﬁi%glﬁoﬁf uﬂg i\dsalgl %P{det?’f Sta %Phn%{% ordat urn off,
t 21 1f t t t bef

as app‘gﬁggfr)qll gﬁ@@gweﬁpa@r@?lgg ﬁ]@l o nmomrs gprf] glarrl]gus s%ur%reg of

autonatlcally turn 22 on the proper bl ower (s) or
electricai( pltico dgiriensiaperatamividen tiredt cutrentishplye o system anaythave power

t he dew point was 6 WD 2004/094317 PCT/ US2004/ 008861
condifiositif hieaheNt that prevides propetll doddigened pomicntoathe anid, dhewinrin FIG. 3 as

extracting water. If the dew point was 2

prov1&é@15tﬁf51ﬂ E'c@ﬁ‘ﬁ“olletr B, whAb bx R Haln&NH whkMe HB\‘V&I‘ is sBSp1R@¥Fould be

sanpling period. 3 The invention contenplates

appu SR 4B BF SN LS T SORERS 4Pl YAENAS 15U e ort one or morc

ces operate un

SOUI‘C%; %‘Eﬂ q%ﬁb}lﬁgf %{fé Iy eﬁglis’]hgtpoﬁlre %(‘!?Ug'éf‘g (g ﬁ%&qxfgpr SOUrce or sources can

conditioned power to the unit, shown in FIG 3 as 6
be linp pewpis@ilehle 6t idh pewistlap [qcetion Ir a Brreraigrprovifed dew the purpose, or
whi ch the power is supplied would be 7 apparent to
alterntiineseusies bf ebrgynsuchas asltr pahiels. stseviticaprabiicad siab liedtation can be
accept power fromone or nore 8 sources, such a AC

operaR@WthS QHbER of BoREr thsi RAWRSuSEHEdYS s6fr Iﬂf&s RHAEH allows the system
source or sources can 9 be l'ine power avallable at the

to be ﬂﬁ??c&%l@ andl Qgéglt drOPhe R with FE AR L For F&rﬂ?)\ghag r@lggi}ﬁg br % E@nerator

ose ernative sources of

c SRR o%%(b’%?&%ayé“yél?lﬂ%ﬁ% 3ol sBbEsO vt laoteaﬁﬁsavwlet
Iled by sol ar panel s, which al Iovvs the system
Sensmt(;) ﬁerqsalmoy Bl senser 2. stoued Walgr ERPRFALITE SHRSOR éﬁ(ow@ch there may be

need for a power supply or a generator. 13 O her

two), resgrvbi Wader@P9! dshsoma¥A, icolsll sirdetempersture sensaw § Blastbigd ag demperature
50, additional ultraviolet 14 sensor(s) 51, reservoir

sensof §6, kntbésms bimbidty sshsor 6, sipfiRér dfftipesyakhsor 58418 Gltedibs{tih sensor

whi ch there may be
59, water filter timed-out sensor 60, water filter volume sensor 61, and valid water filter sensor
62. These various sensors and their use in potable water generating systems are known in the art,
for example as disclosed in US pgtent nos. 5,106,512; 5,149,446; and 5,203,989, all incorporated
herein by reference.

The outputs of CPU 42 include one or more of the control of water pump 48, control of

thermoelectric device 47, control of a water cooler means 46, control of a water heater means 66,
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15 two), reservoir water |evel sensor 54, cold sink

tenperature sensor 55, anbient air tenperature 16
w@emwgop4356, anbient humidity sensor 57, air fiPCBEDS2004/008861

efficiency sensor 58, air filter position sensor 17

59, water filter tinmed-out sensor 60, water filter

and o\gg lob FR S 63185 a%ec@gg&lfg\t@ bhitroMitBdtath bhd §feed SR ﬁﬂ:rfgrllsl& blowers 45.

These various sensSors and their use in potable
er. gener.ati t e known in the art, 19 for

ABO%@%@%P%‘Qgﬂ%%g@ﬁg%éiyﬁﬁ&b ‘patent nos. 5, 106, 512;

5,149, 446; and 5,203,989, all incoyporated 20 herein .

by\%’P@? é‘Fé‘ﬁ?f leagtivaigsdhe Walst: ERneEA g ien Wil fh itelhes, g functions

nmore of the control of water pumﬁ 48, control of 22
ceasetereenidles owing: gB\\¢ Eghis rereanonpthe dst AV wenser 56 gontismues to monitor

means 46, control of a water heater neans 66, 7 WO

for in20haRIIB ranfiELIUBRAORIGh 008Rchude @PU 4arte ddabignheunit from further
controls as necessary to control the state and speed

operafibn bh@sibAdl IhFenRldGUS iR 1her on #he Md3itor PAHEICRE M AT} sBnsor 51, if
control led by CPU 42. 3 When the user deactivates the

Cali : ; e I

peselfh o BR1RA T8 AREE Db AL L 60 B bl s e
remai.n on; the 1st S r.50.continues toQ ni tor

volunig TR Spiy 6} Alsp S50 e T GVt he gt OB dasiser on the

. .. CPU 42 to disable the unit fromfurther 6 operation

indicaiorpagpiytaef the eapinwhy; the siorrd wajer tewerefise Fengpi el Breauses the CPU
panel 44; the 2nd UV sensor 51, if 7 present,

to actyyeteftbe Asd copler reéamis Marto neulries stortet evatat &rd/dritb taetivate water heating
ti med-out sensor 60 or the water filter 8 volune limt

means$ 66136 thehlfagtbBespeaifedSethp@ateldk)l 0 deactivate the unit
and informthe user on the 9 indicator panel 44 of the

5060 200 o U S AR OPAL iy i i
ot RS LS B B0 Bl 5 U 4B Fiw o
e T R T T—
whi ch 13 ot her known conponents are not shown for
fins 8 pegi¢atipg pharpfseras Copugated fins pentebuto po ¥ preatephedtierchange rate as.
opposed to straight fins, due to both their greater surface area and the air flow turbulence created
by the corrugations. In this embodiment, the corrugations are parallel to the air flow. An
additional separate feature that contributes to a greater heat exchange rate is the incorporation
onto one or more sidewalls of duct 83 of one or more projecting artifacts 82, which direct air
away from the duct walls and thereby increase air turbulence, which increases the contact of the
air with the fins 81. Projection(s) 82 can take any desired shape, but are preferably roughly

triangular in cross-section to present a smooth ramp from which the air flow is directed toward

the fins.
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14 entrance to air duct 83, in which is |ocated hot or

cold sink 80 with corrugated heat-exchange 15 fins 81
w@e@pumesing therefrom Corrugated fins contri bPCEUSMO&008861

greater heat exchange rate as, 16 opposed to straight

fins, due to both their greater surface area and the

ai dy.; . ° ted. 17:Db I | .

Tt GV Mo GRG0 el X ts 92,0483t RAfT of duct o5
.the air flow_ _An 18 additjaqnal separat. ature.th .
redireeh A (9 £ P (‘é(hﬁﬁé&? &Hbdp hg&ﬁ?gi@@f 68 or eSS by air flow

~ incorporation 19 onto one or nore sidewalls of duct
direcion wflicatieg arovnBdhipngh & tThigligire plsa depic dinsyrfleeprrugations that are
direct air 20 away fromthe duct walls and thereby
perpendicuba sethaiair fTow ixtiiee tiem, pavdlietto it.ncr eases the cont act
of the 21 air with the fins 81. Projection(s) 82 can

t akighaBl spiRsid ReSRATehis Mllen@éLarB KBS &bdamd @deMes ade not others,
triangular in cross-section to present a snooth ranp

o : . I , :
this ig F EoighiFtol By A ol O p RGBT ERTR Spy el B o gther Seatures
. i S, shown hematically in Figure 5. Artifacts 92-94 on
lna“FwﬁmﬁéﬂwhgﬁeHW@W“ﬁb 2 redirect air toward fins 91
(which are_ coupled to hot or cold sink QQL, as . )
dépthen arbasimenits Wikl gogus tejtheartkildad indkg whenhareayitipthedollowing
through L. This figure also depicts fins with
claimsorrugations that are 4 perpendicular to the air flow
rather than parallel to it. 5 Although specific
features of this invention are shown in sone draw ngs
and not others, 6 this is for conveni ence only as each
feature may be conbined with any or all of the other
features 7 in accordance with the invention. 8 O her
enbodi nents will occur to those skilled in the art and
are within the followwng 9 clains: 10 9



WD 2004/ 094317 PCT/ US2004/ 008861 What is clained is:
1 1. A water generating device for extracting water
WO c@riogesib’ ent air, conprising: 2 a thernoel ecP€T/TS2004/008861

cool i ng device having a cold side and a hot side; 3 a
cold sink thermally coupled to the cold side of the
cooling device, for cooling air that 4 contacts the
coVlhktss clkime@ ist heat sink thermally coupled to the hot
side of the cooling device, for renoving heat 6 from
the cooling device; 7 one or nore air noving neans for
directing a stream of anbient air past the cold sink,

1.t &\ wate senerating daviceder exirarting Waler Femmmbish allo FRFBREENS:
water fromthe air stream and 9 passage neans for
diartkerhioelpctrivecoaling dedtebbvinyg 4 tedd sidednd ahkt gdest t he
heat sink, to renove 10 additional heat fromthe

CAQbld@nitighelfigily Esupledich @iasevld kide of fhiecbelivgy/device? for theling air that
wat er generating device of claim1 further including

tadS YRR L £ensor nmeans for 2 determning the dew
Conapm nt o(? I?Ee anbient air. 1 3. The water generating

SN S GBI G BP0 8 mgin e

4. The water generating device of claim3 further
fromﬂ“ﬁ@loﬂléﬁl%\qge"éceéontrol | er means, responsive 2 to the dew
poi nt sensor neans, that controls the speed of at )
| @as or wre &if molvmgvnedna pralirpdrgla strganBohanbiag aiasttbe gold sink, to
response to the anmbient air dew point, to increase the
cool thy giF elowdevdesepmat &1d cohdgsnevaidrifrogn thefaircdtemny andind
operate the device over a w der range of anbi ent

CoRdhtd ABSns fbr Sirecting tNBAILE0 AR AkicHE HaVpLEeiRihes! ko remove
1"in which the passage neans includes an air duct 2

additi&ﬂaé%ialtﬁgormehcotoﬂﬁ% ‘aQJzi?eﬁ& re%é‘éjit!‘%?i%igﬁ!?flk are housed.

er geherati'ng device m5 further
2. | Q“%le lﬁlv(jaliteg%egergggg ggvslczeedo c a{ir%rl Rllfltyerelglcliugintgh({eew point sensor means for
determining the dew point of the a,unbient air.
3. The water generating device of claim 2 in which at least one of the air moving means
accomplishes a variable air speed.
4, The water generating device of claim 3 further including a controller means, responsive
to the dew point sensor means, that controls the speed of at least one of the variable-speed air
moving means in response to the ambient air dew point, to increase the overall device water
generating efficiency, and operate the device over a wider range of ambient conditions.
5. The water generating device of claim 1 in which the passage means includes an air duct
in which both the cold sink and heat sink are housed.

6. The water generating device of claim 5 further including a condensed water outlet in the

air duct, to allow the condensed water to pass out of the duct.

10
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2 air duct, to allow the condensed water to pass out

of the duct. 10 WD 2004/ 094317 PCT/ US2004/ 008861 1 7.
wab@4inet3er generating device of claim6 in whi BOT/UR®04/008861

air duct is arranged with a lowest 2 area, and the

condensed water outlet is in the bottomof the duct in

i ts | . 00 - ' 3
7Tl Pl R 0quP of g RB L R RRALIRRCRtoRE Rin o owest
rpoxi mat 2,.the outlet, to irradiate candensed, water
area, B e g anscciieier oo g et pefe SpEBEGIRTFy dRphe
water. 1 9. The water generating device of clajim®6 )
8.  f (fhetveater geapiating ge‘acmcgams@ Birthgeinghidingeary Wiravioleh lightpgoximate
condensed wat er passed out of the duct through the
the owlet,| tetirradiatd @ondeinsedmaster exjidmgetha tincighrbegh tee @ftlet ltasteriBze the water.
further including a tenperature sensor for 2

9. detiRrtE feflelalifs HOABLSRIIMIES AfthehichMing SivBiler stdrabd device for
The wat er generating device of claim10 further

- ] I : ' 2 to both
holdu;l%gcldtdgh&ﬁ v?at&?d&%sreﬂ ofbe e g{?%%ﬁlgfogl P HEuY(et. 0 Do

nmperature sensor an w pol nt sensor neans,

that controls.the spe of e.3 vari.abl e-speed air

10. 1 heaGihasnatng fet o | Eodoahian s GEbeH R e or
point of the anbient 4 air. 1 12. A water generating

deterginjpgibe fappapipreoidhe ¢qld 8Ky acti ng wat er from anbi ent
air, conprising: 2 a thernoelectric cooling device

11.  hdhengter gooemdiing deviemaf caiotO fither, inBludingal apngroliér means, responsive
thermally coupled to the cold side of the cooling

to bott &vé @mpefaire sOBbI Agl Bk dew Paint sehseOmcas that bentfdd the speed of the
sink; 5 a heat sink thermally coupled to the hot side

Variakﬁé-sllgééﬁ aSORbYVIRG nfiaNd o8 mdiRhin tREBYURGKNRM w (1R dPpBihf YT the ambient
cool ing device; 7 an air duct providing an air ‘passage

past the cold sink and directly to and past the heat

8 si nk;

12. A water generating device for efficiently extracting water from ambient air, comprising:

air.

a thermoelectric cooling device having a cold side and a hot side;

a cold sink ‘thermally coupled to the cold side of the cooling device, for cooling air that
contacts the cold sink;

a heat sink thermally coupled to the hot side of the cooling device, for removing heat
from the cooling device;

an air duct providing an air passage past the cold sink and directly to and past the heat
sink;

at least one variable-speed air moving device for directing a stream of ambient air

through the air duct past the cold sink to cool the air below its dew point and condense water

11
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14
15
16

17

9 at | east one variabl e-speed air noving device for
directing a streamof anbient air 10 through the air
woleai/opast the cold sink to cool the air bel owCT/ESTHO$008861
poi nt and condense water 11 WD 2004/094317
PCT/ US2004/ 008861 11 fromthe air stream and then
from @1@ T s'ﬁ%@mhﬁﬁf theh Egst HehehCHRY. 8o ARV £ PﬁionQH?erat fr&glrfhé BSoling

ing 12 device to 1ncrease its ef I cl ency;
senasar for determ ning the dew point of the

devm%\%oﬁnglﬁfweéltsre%ilgn%ytenper ature sensor for deternining

the tenperature of the cold sink d 15 acontroller

r eSSERARiSeRr é@tdﬁtm@%wepﬂ@wma} R ambignt ae

tenperature sensor, that 16 controls the speed of at

| eagnpmtarmﬁensarefox/dmemﬁnmgslpaat@mparaturﬁpﬁtmg:oBbsmlc@sd to

mai ntain the cold 17 sink tenperature bel ow the

aalebsindlley tesibedlve @ Bbth thodemboindidhs@fdndcheRnperingt sensor, that

production. 1 13. The water generating device of claim

controks {Hérsf)@&f ofl af ikt Fan: &Qrfaﬁﬁép@é@&r o9 dRVRXE, 'f@hﬁmtgm the cold

the cold sink. 1 14. The wat generating devi'ce

sal (5 4riRufe SIS, R bR 4 e Bt 0 B Shrch Wt A RO
deyice of clai.m] enahled fo ont i nyous o eratlon
1 8ho Fiater gapaspt ﬁ#‘éﬁl%q Emaévﬁ%t@eromcleﬂ%ﬁw trapvpletight proximate
i ncl uding means for periodically 2 sanpling the dew

the cofsbsin- of the anbient air. 1 17. The water generating
device of claim2 enabled for an efficiency node of

14.  ofibe ataten genaratiry ddvicelofchrdmdefuither insludipe raa tugtebviwibtylighld eroximate
the dew point is at least at a predetermned level. 1

the hol8§nk.The water generating device of claimb5 in which
the air duct defines an anbient air 2 entrance that

15.  ConTVAlS Er?e?at‘mg Pvida&riedh lséngﬁled "1‘514:0; ﬁﬁﬁc@ﬁ loperation.
g an

conpri si nmovi ng rreans

hen> eto IIowadltlon
0

16. amﬁter gFI}er? bngo VHJS\?E alag& ef glcl Ing means for penoamally

sampling the dew point of the ambient air.

17.  The water generating device of claim 2 enabled for an efﬁciencsf mode of operation in
which the device is operated only When'the dew point is at least at a predetermined level.

18.  The water generating device of claim 5 in which the air duct defines an ambient air
entrance that communicates with the heat sink, and further comprising an air moving means in
fluid communication with such entrance to allow additional ambient air to be moved across the
heat sink, to enhance cooling of the heat sink.

19.  The water generating device of claim 18 further including a heat sink temperature sensing

means.

12



4 heat sink, to enhance cooling of the heat sink. 1
19. The water generating device of claim 18 further

WO p@k9d3ny a heat sink tenperature sensing 2 PERDNS2004/@08861
WO 2004/ 094317 PCT/ US2004/ 008861 1 20. The water
generating device of claim19 further including

20. CORid xgiltleﬁéen%"[’iﬂg debiES BPOGIY F9 hfftheLinc R ol eans, responsive to
t enp I'ng 0

erature sen nmeans, r controlling operation

of t addi tional. air novin evice, .1 2 The. wat er. .
the hifs siakpT G UG TEsm g et oo chutafl peiafn BhhsgafiutiRelEir moving
to heat stored water. 1 22. The water generating
devicgevi ce of claim 1 further including neans to cool
stored water. 1 23. The water generating device of
21. clBherwdterf ganptaging idedteidf eclginnd &nthet mcbidanmmeartsdo Deat stored water.
tenperature of water that has been extracted from

22. anttiandterddenetafingdevibdI6f dlgivi T Qurthbr dkludiipemv@iseé cool stored water.
generating device of claim1 further including solar

23. PO wil Bfating ABRANSS c12inf P Bt HietifrOMPAR Do tRarkeB%he
g ot el

wat er generatin devi ce provi wer to operate

th ater, 3 nerating device. ..1 25 The wajer
temprafiey St Fivgr RS C2H: SEreR 5 gibisal 2 PEASHT % o
re air diverters located 2 wthin the air duct to .
24, richeavrter genpisting Aedeoet cham ¥ fusther mehidgne soks pawst genegpting means
increasing the 3 efficiency of the device. 1 26. The
Operaviaclerrcog@lng foathp mgptat @enereting deylicsi for nrowldergpawertto bperste the water
one of the heat sink and the cold 2 sink conprise
generatiig dgadeed fins. 1 27. The water generating device of
claim 26 wherein the corrugations of the fins are

25. PANRIRr gedetafing B&idH &f J4iRVS RiMheHBRIVIRE PR aMRe AR Nerters located
1 28. The water generating device of claim 26 wherein

withif B £OIIHBALLRRS BlouidiEe bf 45 ﬂ@&/%hrough the duct, for increasing the

efficiency of the device.
26.  The water generating device of claim 1 wherein at least one of the heat sink and the cold
sink comprise corrugated fins.
27.  The'water generating device of claim 26 wherein the corrugations of the fins are parallel
to the air flow through the passage means.
28.  The water generating device of claim 26 wherein the corrugations of the fins are
perpendicular to the air flow through the passage means.
29. A system fo'r providing sterilized air to a storage container that stores water from a water
generating device that extracts water from ambient air, comprising:

passage means for providing air flow into the storage container as water is withdrawn

from the storage container; and

13
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2 perpendicular to the air flow through the passage
means. 1 29. A systemfor providing sterilized air to
W@ 2eo9Bge contai ner that stores water from a RI/E82002008861
generating device that extracts water from anbi ent
air, conprising: 3 passage neans for providing air
f | giutieByiolet NENSHAEROALEORE BhdiBle ASandah Gltraly 1M AN 1 i
4 fromthe sglz)r age cont ali ngr; éaend 13 VD%IOOM O%ﬂgf?/q%hzethem
. Hﬁﬁg) 1 5 an ultraviolet Iight which bathes
as it %Dnheespa sagijgg?r%%ﬁ% inultraviolet light to sterilize
the air 6 as it enters the passage neans. 14
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