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20 upward motion. The condensed water is removed in an upper region of the conduit.
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Other strategies seek similar results but depend on evaporating liquid water into air,
thus cooling the air and stimulating the air to move downwardly rather than
upwardly. This process finds useful application, for example, in cleaning pollution
from industrial stacks, where there is no interest in energy harvesting. Another
25 strategy has liquid water pumped to a high elevation and sprayed into environmental
air at that level to cool the air by evaporation. The evaporative air cooling is
performed within a conduit that extends from a high to a low altitude, and kinetic
energy of the resulting downdraft of air is extracted by a wind turbine driving an

electric generator.
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An object of the present invention is to provide a process for

harvesting latent energy and nonvaporous water, that is, liquid or solid water, from

25  water vapor in atmospheric air. In carrying out the foregoing object, the process for
harvesting latent energy includes decompressing a controlled volume of the
atmospheric air so that the temperature of the air is decreased to a point where the

water vapor reaches saturation; and the water vapor changes state by condensation,

and possibly by deposition, and releases latent heat. Nonvaporous water resulting

2.
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the nonvaporous water retained in the internal water reservoir.
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In the process and apparatus of the present invention described by the
foregoing paragraphs, decompression and recompression are performed
adiabatically. Those skilled in the art to which the present invention pertains will
appreciate that, in practical applications, the term “adiabatic” is taken to mean

30  nearly adiabatic.



harvesting |l atent energy fromthe particul ar vol une of

at nospheric air of FIGURE | ; FIGURE 3 is a graph
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FIGURE 6 is a logic flow diagram of a process to harvest latent

energy and nonvaporous water from a gaseous mixture;

FIGURE 7 is a side view, partially broken away, and partially in
section, of an exemplary cylinder-piston mechanism for decompressing and

20  recompressing a gas;

FIGURE 8 is a side view, partially broken away, and partially in
section, of an apparatus similar to that of FIGURE 7 but providing a dual-phase

process;
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FIGURE 17 is a graph illustrating the thermodynamic relationship of
volume to pressure during the processing illustrated by FIGURE 16;

20 FIGURE 18 is a graph illustrating the amount of latent energy
harvesting, required decompression work and recoverable recompression work using
atmospheric air in the processes illustrated by FIGURES 16 and 17,
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total amount of energy in a physical system that can be converted to do work.

Latent heat of vaporization of water varies between 540 calories per
25 gram at 100 degrees Celsius and 600 calories per gram at O degrees Celsius. It is
absorbed by liquid water during its vaporization and released by water vapor during

its condensation. Latent heat of sublimation varies between 600 calories per gram
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25  contributed can be nearly 1000 megawatts. Solar power is shown to vary from
approximately 70 megawatts, under cloudy conditions, to more than 100 megawatts
for horizontal surfaces. Were collection devices covering this total area oriented to
face solar radiation directly, even more solar power could be extracted; however,
the lowest values of latent power shown by FIGURE 2 are comparable to the

30  optimum solar power generated by collectors, all of which being oriented

perpendicular to the sun’s rays at ground level.
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pr ocaaast lefevérh&nﬂ;;e@iﬁea with YRR eh&By hREetEd 8Soptinum solar harvesting
adi abati c econgirtes& on process, wherein the energ

r el «qBditiony Whe laeny apesey a8 theyWalerayApes nsthaﬁ @4 sS%Pﬁrcent-relatwe-
15 MY g‘ﬁ? ggg(%/l‘ﬁ;ltiﬁlaé{lg)e&cg ﬁ@ﬁﬁbﬁ@eﬂ@r@hbpwfdaeovef] the range of wind

contr une of t eco resset air. Bot
st atspe&db atilized byahedermawihd ehrergrimrggstmg twhncddg)byAt loeations around

?teitd-ﬁfp a& ﬂgﬂg% ?IBIEE Eg‘ﬁ ugnt IEI? ie\rllgz]séta( (Je@gtlltvg humidities, the

i nv Elﬁt%ht\éﬁeﬂ%&%%ﬁﬁalbpi\ﬁﬁﬁﬂé SEmPN AEEFEpESisitar %rbﬁéﬁ/ﬂa%ﬁ kHa@ available
| at ent energy. and_nonvaporous water are illustrated by

t he frygiselar PW’&F%?%%?OUF‘F@JRE 6 in conjunction with
FIGURES 7, 8 and 9; and the processes will be detailed
follow ng a description of the three preferred

2@nbodi nents | |lelfléﬁewhwp iFpiqiRESY figupsdnanany phiisies textbooks,

gssg e;%kggggg&}s rou ﬁ&eiglllb tﬁﬂgnq%h@ ]fcgﬁa SC ai)l)yftﬁtreggf}&bstances

dr avisragundtivn of lt]a?emotlynma ktate \ayiablel, maalely, temperature, pressure and

o RO S Al e TR s i
i ndiifi ainegpparatiscirer isstaeic uootingland Gsotiddmabppaprtdion; 1l4hdi these are

2? indicated by specific process arrows. In these latter processes, desired state-changed

materials are obtained, but energy released by molecules as they change state does
not remain within a controlled volume of air and must be removed and discarded in
a systematic manner for the controlled volume of air to follow the specified isobaric
or isothermal process. In contrast, the process of the present invention
30  decompresses a controlled volume of humid air until included water vapor reaches

a saturated state. This is done with no exchange of energy with the external
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cl osed systemthat includes an insulated structure 12

to prevent the escape of thermal energy. It is to be
woersozlsnt, in the interest of sinplicity, theCT/US2008/052005

i nsul ated structure 12 is shown schematically

surroundi ng a space including a conbjnati on of

ap p &PRIFQRMEN apd edesribed as @Fmg ap adighaticeleromprgssign.  Apated in the
ski Idufindr} of ik Biventidh, \HYse RkillRH $n V&Pt Q'ﬁlclﬁ%é §f€§§nt mventlon
insulatioh could alternatively be effectively agose |
abowertping Wil apprecigisipiniarmractisl applicatioparthe t!%ml‘@dt afic” is taken
req In view of the basic functional

Si m%an%l?%%ll}g%dl tlcerrbodl ments shown by FIGURES 7, 8

and 9, the nost detailed description will be of the

nbodi nent sh FIGURE 7. The a r.at .
el udes & ol ITGPRESERY iaiess i UGPESEREaA GO 5 oy pdjabatic
di s Ql@é&'g%@sé%éﬁl%néﬁst (t‘@fhrée(iio%ﬂrlpy codlil 2h@ M isoftérmd” tc@m@resswn

drive whi chtransl ates the piston rod 18 and the

pi sPBHWEBS forropdpeationshown ghmhﬁ@ran dhe procegsof the present invention
dirg I

The gérdnsegfan 1a'g§gd cfe%rﬁﬁr QMOI?BI%Q aﬁ'hgﬂg | Cg{;)(frgy"rélgrabsed by water
of wepor kndvwhadgssi sas i§ mot reyhaved)andr diseanddsly bityenzidsi within the

b ,
e R g B Gl "B B BBy Qe and e
dri \emergfOreddased ibycthedstatepolsange care ssabseguent{yn harvebednfpllowing a
for indicating driven el ement _positions. The c %I i nder

14 HEOTPTETSIATORIOSERY 25 Prodicth ah e presetlanustiye iMipsess: diyeferred

by nRbQERR%ES KiH&Eins la"é’éht ehérg?l ahd ﬁ&@aﬁ@roﬁﬂvﬁﬁr Welilligtrated by the
the cylinder 14 and between the cl osed

and t he
pi stlegic flw diagsam jof FHaVREL mpﬁogiuaﬁtl%wnb FéGHRESJd 81381d 9; and the
3;;22 ﬁg{)ée\é&% ol Cﬂé;ﬁe'taﬁl%d afdiﬁ%? £ Sd%b iptiohC QFPhES ﬁir@@ preferred

nism gener I ndi cat e rence nuner al
25. cmb@)dnnfmm ilhlstreted diyuh;URES e, aﬂ Ialyd Premidcatlesgription of process-

2a, BEPErR e Al T HCIERES 10 b Tacon the

cl osed end 22 and the piston 16. This volune IS
controll ed byé$03|t|on|ng t he pi ston 16. IS t? be X
under st ood t hdtIGURE héia wre%q drawing; 4o %rawatto scale, symbolically
Necesstdntafivk bitibmehntd Bf nﬁx‘é:fe@fbd%n%oﬁﬁﬁ@n@ﬁf & ap ghﬁtl?sctﬂ?he present
applications, even a synnetrical cross-secti

2@ hariveantipn, genecallynindicatedtly raferengshrumerahil®. vThke apparatus 10 is a

t her es,

R ST, 8RS RO b erma
contenetgye dt 13)to de motetl ltlnﬂt,l iabthecintenése bf smphht}assheansmted structure 12
i ngestion device, or valv 52. Those skill edlzel ef

o 58 Sha Spermatcs BB & PaTnOC R SespRUE iAo apparatus

t hatcontpynélf.i NAS iwan, beaappilbdiﬁedl byathday skilted i ithe @it toOWRich this
the flow of a fluid. Valve
25  invention pertains, insulation could alternatively be effectively disposed about

individual components of the apparatus 10 that require insulation.

In view of the basic functional similarities of the embodiments shown
by FIGURES 7, 8 and 9, the most detailed description will be of the embodiment
shown by FIGURE 7. The apparatus 10 includes a hollow cylinder 14 within which

30 is slidably disposed a piston 16 connected by a piston rod 18 to a driver 20, which

9-



include lids, plugs, and covers applied to openings so

that, by their novenents, such as by swinging, lifting
wa@e@sigdoss ng, sliding, turning, or the |ike, tPEYUSHE$052005

and cl ose the openings to permt or prevent passage by

such as fluids. Mdern valves can control not only the

f | ofyapslates thepistar red 8 gngd the pistoe 16\p oppesiteapightward and leftward

dir ﬁﬁE&tfHﬁsg 1rld'1(gﬁédqﬁ" &ﬂ‘%fesend%jf'l Yoo, 2k &YRP 26 1nclude any

material s a’pi peline, tflunme, chute or Sim
pas Qﬁgewpyhcameewm of wetl-knowardevises (nat et driven by hydrauhc,

rr apflsfecS Conh RHENR 8, RS oL o Sl Bpnisny g by tinear

5can oy aotiryc arosors.e retel driven Zt)oa’lfdf mchtdys pE:hﬁhiREen%ofsf‘i@mB sliown) for
IC re resentatlon or an r ment s te
genétﬂmtlygl IYe dmes pos Qioatorits liarmid 88 Agipwd ond 2. A
| nclpdfser! ey mdit&féatuy%feyea\ica Ruriéral @40 iiléfined 8YVBEifE Wakhin the
devi ce 53 and an air prehumd %I n&m evi ce55. The air
an

i ngexlindgn leandé)es)zeeinsths Ietnapd a@d 8 & Pisigncko. ohhg chamber 24,

o v B RE RS0 kod TRSBRAE 20 Porid) TRSGISHef Al fecompression

10al s mecthmbh egenbrally undmg@d by mfelregce aimerap2er Accoairollable volume,

t hrou he air e rmn i rou air

R ooy e R raies Tyt gmdﬁfﬁﬂ 491 the Chltufer 24, as
and béﬁg vARAPIIR dyAhddrNg aat Beswef ieCclédedl ehd 2D aﬁd‘ﬁe plston 16. This
chanber 24. ThoSe skilled in the art to which

i nv¥AtumsHis ﬁem@@lﬂ%bwmsmwm teipatten dfatlt sSetsdxe&tr@erstood that the
val y6f r@im&é}ow)ls ﬁ@p ag #ﬁl‘gg tt)gf ﬁ{gu? diRHfat ¥9, in some

at nrospherrc air |ntot ec the three

15al t epplakationss eversa Byminatrwabérostdestienct er nal ener gy bei ng
added to latent energy of the anmbi ent atnospheric air
before ingestion. Exanples of avail abl e external
ener gy sour ceThercbhmtler 34 ligcorriediedttb Gitmogpherit adingiane thermally

o1 A A B 70 A AT R Rl he o iLard into he

i kehmﬂﬁhrmna&a&tttﬂlea%ptar@h{ranatﬁémla §ileR\aw ah Mir thgeshibn device, or
as havi ngas%rrbol ic termnals, represented by circled

nun¥alyes hessutkiled ingthgart & ithe fnvepigmpertains will appreciate
2ds 'hg\‘;f\'hmdt,dﬁ*} lubfihifidn! £VANVEH § d@tllcte 'ﬂ@aﬁ WRALRUHS Y of ¥ fluid, Valves

/ e alr |1 ngestl on val ve i's connected to and
continahdeekidsh plugs e and peveat applmd 10 opénings $1that, by their movements,

fgg?ﬁéle}ff’vns bgélv\g i lilg glgﬂ P grc:ﬁ g anllﬁrélgg Fl \%e 11]?’0 they open and

posicldse s dpeaings $d pﬂnﬁﬁonm'd@ernt passhgeoby aifchtas dluddspavlatiern valves
controller 54 via COH %tgl ons between termnals t

ar o CEAER 0L SN BEIBY bt R0 AeaRIeHerae. l0me, and direction of

250NVRRRS Opisey\ifies did é\iétnl d¥9 nyvadrics BP0k 4 Bipkine, flume, chute or
nonvapor ous wat er

similar passageway. They can turn on and off, regulate, modulate and isolate; can

range in size from a fraction of an inch to some 30 feet in diameter; and can vary

considerably in complexity.

FIGURE 7 shows a symbolic representation of an air pretreatment
30 system, generally indicated by reference numeral 51, which includes the air

ingestion valve 52, an air prewarming device 53, and an air prehumidifying device

-10-



fromthe chanber 24 under control of the apparatus

controller 54 via connections between term nals that
wWar@s®MR8 r epresented by a circled nuneral 3. P@I/US2008/052005

internal water reservoir 58 receives, via a thermally

i nsul ated conduit 60, and retains the nonvaporaous

wat 8¢ wiherain ingegtianpyyad ds showsy asopne; igultifienciignal valysj gagable of

har 2 USe e 1S.1 o . . .

t o O ucepling e P gkl fud WA 7 Mfaryely, i
hel dlsb captable dfrowtingahcongingratmosph&idc ais typaughttieaif premwalining device

at e.sa ressur,e as..t.he.control|l Vo) f.air

56 o tRaiEn e SR PrORnAIAE SRS 58 arSinohh HOR Byigh, 53 and 55,

Sheabefopd eafingN@AbSphetit raavmos'tﬂﬁl ¢hambsr sln.lov&rhoby skilleRE the art to
the I.nterna te

7, to.mnpnimze. evaporati.on, r

res @M ‘F‘e B‘é’e?t?nsﬂeg‘ﬁ%_nﬁ (})‘1‘@ a%?ﬂ“ft@ thabsgpargte valyes (ot SIEP(YBQ (can also
sur bagSedfd? 3h@ rdufih@iattBskpH@iEir lito THE BhaniBlr 1260  E&Aof the three
the sunmative surface area of all water droplets

wi t Rlternatess gpsulioin availaply externgk energy beiag pddedthdaerjeanaggy of the
L neafient %r?o%?fgergr;aig ggﬁﬁ% gﬁée ot Exafn l§sh69f dvggﬁflé‘ @Jctgrnal energy

wat er reservo e concavely configure

10as sowees nclideGdIRE diation, tHeot cagmermamitold, hoteflue gases passing
di mensi ans of. the conduit 60, bet.ween the chanber 24 .
anatrRuSt i Bt a8, et SaRREE Hoot ¥ Refr e pl e e

as possible to mnimze the volune of air |ocated

out si de the chanber 24 and t Lni.m ze eva ' i
Al'so, the operdt ?P.WTGPS tcﬂgtrﬂl_g‘ﬂ\%);di‘ ot %WRati}g%E&bk%% as having
ext rsﬁ%dl)lﬂ:&m‘fﬁhé(l& ?re'sént&i)l&F dira1ad ﬁlﬁn&‘taiﬁgl tgmgb?gh @l tHabSommunicate

external air ingestion valve 52 for reason.

Addiwtithdiketilgntifiet eerminalsaqfdheoappargasel0. eks shawvmi, thy aimingestion valve
6 i§ .caontrall i i onvapor ous reM thin .

15 be 52 SRl IP ab8 <RI 1 B3 ARRARRLRlRE o4 bl hmections

max ibewaeg Wﬁiiﬁdlethheme |eScIfj epreseited Eﬁabhﬁleﬁ mh efal of Fhierdriver 20

cont ai.ne erewifhin and not within the c r 24, )

e P D BisEielGiitlss S9nered o e pbitatis ERERIer g Vi bonnections

wat @etweeiBitaindl€at fre cacl)RPREsehted BP aQSRdaNInRRal0f,

which is generally indicated by reterence nuneral 7 1.

It is the possibility of there being a mnimal anount

of water, remsj QiR drgu%g&&ngéﬁiah' vahd %xﬁﬂ@hoﬁ%ﬁ&%us water

be evaporated durin ubsequen conpressi o
20pr odeas g dhamber?t vudeagontrolhd the epparatuheontmildr 54 &@rdopnections

in the foregoi rm"nearly irreversi LU Th .
chaptreeRiSERhAR ehER R el U h B e An incernal
genevawrl rgservielt S8 trestivey, viafachemoadlyringotated cdifiuitvdd, cind retains the

shown in exaggerated scale, to receive and direct
monPABHAPS TR ek, Wi e b BEPY Su8F grffrebeine harvested for
non\exeeHa Use. VR tiLimportant to note that extracting the water and necessitating that
25 it be held in the internal reservoir 58, separated from but at the same pressure as the
controlled volume of air 26 in the chamber 24, renders the process of latent heat

release nearly irreversible.

As shown by FIGURE 7, to minimize evaporation, the internal water
30  reservoir 58 is slopingly configured so that the upper surface area of retained water

is much smaller than the summative surface area of all water droplets within the
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extracting valve 56. The piston rod 18 has a
configuration of an el ongate, hollow tube. A water

W@l e@glog0ss enoval device driver rod 73 coaxi al | pCHES2008/052005
slidably extends through the piston rod 18 and is

operatively connected between the water dropl et
r enﬁQ‘ﬁIOll?é\)’PB@le?Oflalh nBathpethan peiag llzearlyrﬂ@pqsqus\ﬁépwg &y FIGURE

t r anshat: t 3
7 g S SLr Sy SRS RE T o b
I ef F\IﬁUREdS rfec thecsam,e reasep efttaditmepsions ofrthe pc(mdnm 60ddtween the

ston 1 t o t.ransfer er cond ed .
and CHRs o Hie, Rl rebehupit NRotre ANDUET epoas psible to
5and rrﬁﬁ'irﬂlfte then velatrer ofS bi fle6fedbuisiik gHeacHgibe? 24t ﬁmﬁtdi minimize
the drain channel 46 for, subsequent extraction.

nonO¥APOFAINE. viiser the Hperation of thelop¥amroYsVHEs @@r@ﬁag valve 56 is

NONYSRAMAE Wi A fof Q1B {EmhN4if ﬁ%ku&ﬁmoe 58 S6f MfRI same reason.

58, via a thermally insulated c , to an

ext édditlongllyt,che pereaporus veuter sixtragtingayabes 20 sscongollethty maintain

non

ARG AP BRANRH AR R Sl 8IS RO o0 o

10t er maxaien tpossibladeyebsao Inmmﬂuze ﬁxerﬂnaﬂnbyf @ir comtgined| therewithin and

nuner al us 10 is located in .suitable

Fer Pa widhin he, ehaTBbS A et ndvabSiouS il e Sttt femoval by a

wat Qatdr @8R6VAIdevied, £ aéhebie remresintdiontofavhiel Rv@hélly indicated by
| ower than that of t internal water reservoir 58

enefgsepesrpEeralfd- del ,tlaeeposglgglpy githere being a minimal amo'untA(?f water,

vat e&mdilinBi Mea Fohman o?'ﬁﬁler 'tﬁatgﬁiﬁ?d Bk Oévaﬁérat&laﬂuﬂi @ubsequent
be positioned proxi mate the |owlevel, external wa

15 esdeeomipresBN progessee that enequsggedthe wsel of rtbmwmiernearly in the
fl o%rgg?my?eqﬁ{“ﬁegﬁyélgg{egﬁpﬁe’ of gravity, fromthe

intern eservoir e lowlevel, external water
reservoir 65. This alternate arrangerrent is al so

il lustrated by, Fl e paths.of wate
f1 ow being i ngﬂh fﬁylﬁjggﬁlg lpglifgah Egam chatael, generally

har Ylﬁﬁédté&go})/@lfé@n&%uﬁﬂfa\l 48! WhitBi@dwnlif eRABYeRIGESR R fo receive
fromthe chanber 24, via a thermally insulated conduit

68, a6 direpthRAMYAPOTERS MILET uithiB dhe mharaRsyi Xeto7tie donERREsPUS Water
200 0 ERGadiid grv'IRJel% 'gtféj ﬁlgtﬁg P PehA é‘é?ﬂf%.\réﬂbﬁ dtlah elon ngate, hollow
il$>Under - contr o

harvesting val ve t he appara us
contubsl | Awatet dmpietdemneaitdemms dheemwdmtwaxnah)aaml slidably extends
are _eac pr.esen A

ot e LERLFRT % e B B et IR bl e ptprdrople
nMeagethévapidesise7e andtthe Aritvére2G hTnbarived2@ adndlaes ﬂi&dwaier droplet
signal representative_ of the pr essure to the ag par a

confeBPYAL esise god 73 3eh i ViR OtselehaeoYA deY e T4 Th Fightward and

55“ e | &R T RIREESRN iR pPYdedtl§ I0Tthe PistiNRIdA] 8 Bnd bf tHeSpik®n 16, to
e
transfer water condensed and coalesced on the water droplet removal device 71 and
on the interior surface of the chamber 24 toward the drain channel 46 for subsequent

extraction.

A nonvaporous water harvesting valve 62 harvests the nonvaporous
30 water from the internal water reservoir 58, via a thermally insulated conduit 63, to

an external water reservoir 64 of the apparatus 10. The nonvaporous water
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noted that chanber pressure can be estimated from data
indicating the [ ocation at which the driver 20

WQoaBHPWEEs t he piston 16. FIGURE 8 is a schemaP¢T/US2008/052005
drawi ng, not drawn to scale, synbolically

EPLFETIE S 6 s PR s AL o SE oo
of béevepn esminkalsithat ard ¢ach refredeatetl bg aainokd ainsral @. dhthempparatus

by FLGURE 7, .t he aratus 110 is cl osed system t hat
ol goeakd i SrBRLESin. Guidia 3n DeiinEy dowffiefnenetinl water
escadierveir 63164 1RARE %Y -anAfeviafiolr IdadrEhan (1R @f fthY irftdi@al water
same reason, the insulated structure 12 is shown i
s c hEGSEIVOH 18, yAR pRarBYrhavesfing dewice esUch @p advateg-turbine-driven electric
conmyj ' of : T t

o Bl 86 epfURA! BE efRARP N e 1R, RAPREEL Wikl waer
by Edsétvieit 65 toutarvest énetdgs deriveddram water flowing,dended thé, inBluence of
first chamber neral ly ingjcated by reference .
nungraif a5ar g T Besgthalnc it Togienely SRR Bpes esgrvor 65.
by mafsellente Mvimemlentlid3lso ihestfat¢dsby RIGURECQMKE alternate paths of
chanbers. 124 and 128 have ] ongitudi nal axes that are

10c o) Matredlow beire wiqarddy deshediuesy first cl osed end 122
and a second cl osed end 123. The two chanbers are
operated in an oppositely phased manner by a common )
pi ston 116 t han aishasygsting vglvelbé baryests warmed re¢panpressed air from

et J5 b2 N bl RO copiy 8, %' hE) BBygy harvesting

cl odedceTdledterhabtodthe therrpaldyt isolated Gpparaks t10e The adridrvesting valve

chanber 128 is defined as bein e en the .second .
C 1 oBLS it sorol AHiE AEP RS oL SYRE CohuRSEvyep terminals
15C ONfE hikCkably réprédefife@ By faQircleliGuingeral 1 A \pedssdréQ@ensob 2¢ s mounted

translates the piston rod 118 and the piston 116 in

ri gMtithin thecrhamper 240 measure prosHHS VEtin e ehymbar B¢ agd to send a

M d<oRn%ePrettitarfle dt rﬂl’iﬁﬁ‘regs%@{oe(hg 'Q:?ﬁ%t% ERo1EL 84 vSconnections
d f GURE 7

menti-oned i n the description o , the driver

120 betaween ferininids thay axgfeagh regrpientedidiyen einelpd numeral 6. It is to be

wel | - ice t . I3V, 2 ' .

oo AR AT Bl A B ocation
20c haiwhichethb dniven20 positidns thé pistoarléby | i near or rotary

nmotors. It also includes position sensors (not shown)

for indicating driven elenment positions. As simlarly

iIlustrated bFIGURHERESs 4 schdradRidrSvinp Onét deawly tdosehie¢ symbolically

representation _of an air pretreatnent system

gen&FRipseptativg of AR @pPHPLUS cEACERYSndiGaed Ay refprencgfugeral 110, of

I nclpoigsr ?f%fc%}édd&ﬁg&ﬁﬁ{b&nofjﬁl\éi}ﬁ@se@ EnVeRiNg. 13k ]gheia%bparatus 10

air prewa evi ce 153, and an air prehum di
devishewvn BsFI & thejapparatus 0 is a closed system that includes an insulated

25 structure 112 to prevent the escape of thermal energy. As in FIGURE 7, and for

N

the same reason, the insulated structure 12 is shown schematically surrounding a

space including a combination of apparatus components.
The apparatus 110 is similar to the cylinder-piston apparatus 10
shown by FIGURE 7 but includes, in a common cylinder 114, a first chamber,

30 generally indicated by reference numeral 124, and a second chamber, generally
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val ve 152, which controls the adm ssion of atnospheric
air through a thermally insulated air ingestion

W@ oowd09205450, is shown as one mul tifunctional RETN82008/052005
capabl e of routing incoming, atnospheric air directly
| iR Er?ce]xﬁf}ne%dlz’sz%hé“h}s? taﬂ&‘%éc}?ﬁb ¥harhberd $24 and 128
al s0 capabl’e routing i ncomn eric
t hr hw@rﬂoagmaimal xesshatmare gotimearc eTm58ylntdhr ol hasazn ﬁaat rclosed end

755 1o iSO B G o3 o el BHEbor S ek Rpopposicely

chaphged ndfing vy alczﬁlmdﬁ iSton d$6 Raeisl snuaﬂ?r di¥poved igch the cylinder
t he descrlﬁtlono E 7, those skilled in.the a

St o Wi-oiing Fest Shhpae iLohissFns aebome vitup ey lises 114 3nd between
SepafeiSt é’l@éeﬁeeid (122 and eWistort 196, 3nd Qhé’?ecH&f—‘&la‘}rﬁfer t1@8J ?s defined

routing atnmospheric air into the chanbers 124 and
Agaihbeing beiwsen tm@ecqnds%osaﬂ end h23 andethepasten 116.nThe plston 116 is

vaLh By S5 0B (SFI PEI0S BIS iR o Yoa 118
appandithe pistamnt mhlregm\mﬁa 2ind leivaate dhyctiéhﬁihﬂﬁd&aaé by a mid-length

haV| n nbo er, aI S, eneral Ly indicated.b

100 pRgahiidoufie e5i 95 AS Het0BFA R HE GeSGripiiqn of FIGURE

i kG tlﬁ&iﬁ\lef lle chi® [ﬂﬂd@l@a&y@ff ah hg%lm&frﬁim&r bikellAsiown devices
he air ingestion val ve 2 is connected to _and

sh
com(ms ISP%W)WIWCH@YAWB&UHH@%%W e rackznd pingon, ball screw, belt
congechiif '?ﬁecE?&%? Br ttlfer k84 §¥ tlitﬂ@&r & ﬁ)tﬁgcxﬂotors It also includes
represent ed a circled nuneral 1. river
pos posites semsers dnettshawm) for umieatngcmtvpo lelenfent p@mons
apparatus controller 154 via connections between
term nals that are each represented by a circled

15nuneral 2. Thaschnidy SludtZatedindFIGISRE 7] FI@UREJgishows a symbolic

piston rod 118 and driver 120 CO%I se

dec STRSFERETIOR.-of Al Al ISEFARC R B ’sﬁ?neljaéWefnélI‘and by reference
i ndingRkbRE BY, r\@ﬁl@ﬁ QRABIIUAE @ 1rﬂg3§t10ncﬁél¢1éé3| b2RhRe, 152, an air
vol unes, general Iy indicated by reference numerals 126

and PIEYCArmangedayades {53 and amp prefumigidying devipe 133 [fbe aiy ingestion

a nd Qlfl 1&8 1%? 5 %‘ ndh?c%@'&g?]sét e %? ﬂll'sﬁﬁ#h e cﬁ%gﬁle% 8 a@‘&(ni‘)leéf’L ﬁgerma“y

20w t htlsnlatdwammgestdmrcoildwn 450 ibshovereas dieemultideetiopaldralv@3apable

and i ston 116, ective The cantrol | abl
ol QkaguReg inemings P RREGh Ao e i O ERMERY T2 and 128
Pi stAMRrialifelyhies gles @:lﬁibl%&ﬁ“lr&m@rlﬁcdlﬁﬁg e SEhe Ao aﬁ)ﬂﬁbﬁgb an air
wi thin the two, chapbers, and 128, respecti
ar e PISRIaMRgrdexice dpd, ou,gh ag é‘f paghumiflifying dRuce: hﬁ@é fhrpugh both
bei aevieaC P5PaRSHsd ,befyré roufing BnoRpiiepic ahsniaqn@alamber 124 and 128.
reconpressed, As is the case with the apparatus sh

2%y Al REpreyviquslyj mentionedin fhe desstigtion %El%?%@ Tn &hqseawﬂlled in the
g|y|r Iél{‘}qg ; %c:h‘&hle ?m%ﬂhoﬁ‘ﬁ&'?a?ﬁsa\'i'ill YpprédHt Bkt §pafiRy Vi19esAnot shown)

can also be used for thus routing atmospheric air into the chambers 124 and 128.

Again, each of the three alternatives result in available external energy being added

to latent energy of the ambient atmospheric air before ingestion.

30 An apparatus controller 154 is shown by FIGURE 8 as having

symbolic terminals, generally indicated by circled numerals 1 through 12, that
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applications, even a symmetrical cross-section. First
and second internal air ingestion valves 169 and 179
W@ es/09d0s8 he i ngestion of air, fromthe ther maPCHUS2008/052005
i nsul ated conduit 150 to the first and second chanbers
124c&ﬂgluilﬂ%§te witARe- 18«: tificd lte atlﬂf‘f i gﬂ{ag‘c{t#ss lﬁPnAg Q{Avﬁ{ the air

154°vi a connec?1 I Oons Dbet vveenlﬂ{lnerm na

r eplimgpesidredhlvy 133 i coaberudteaad sontralled b9, the eppaea:ths V(ﬁitisoller 154
First and second nonvaporous water extracting va

156 VRrf@nagstionstetuean tHampalp HIebers eqeh EPreserifd bha cfrpleg pumeral 1.

and TheaA0d QOPEREbSs é@ﬂlsﬁﬂq léaﬁder‘ébﬁtréll?ﬁﬂfé%‘ eratus controller 154

i nsul ated conduits 160 and 161, to internal water

r es dlaconpestionsbeswerntgrmingls that awseagtorepessentpd by @ sieled gymeral 2.

controller 154, via connections between term nals that

are represented by circled nunerals 3 and 11,

respectively. Thsclﬂluhm 1% aﬁd@ﬁ?&)i@n 118, pistonriod & 18 and driver 120
va%or at.i on, rnal water. reservairs 158

g d.9187td b
ar e “UBRLSK, & QC@HPW?SQI?Per&C%‘BP&eFFA?“ HEENE,y BSOFRUE gindicated by

ar egefefent® hanbRd 198! aCont®liablehvohirhés, ?&nél’ﬁﬂjﬂ ifidi€ated by reference
summati ve surface area of all water dropletswithin the

confirErady 1 and 13Q arardefiped Wikhitetherchambenil24 ag bgingnithin the
10187 ¢ Gugi%deg 134 Salﬁd %tﬁéeﬂ%@ Hobed Qﬁﬁ '192‘ 33&1 *th@?lst%lﬂof% zﬁﬁd within the

he sane reason. I mensl ons

con@hamlserllee aahdlng Mth@ethmhnwel lé laaddb_etr\@enzhp dmdr:g@,m and
res 15%& IX? @g&%cﬁaﬁy Fﬁlg E:Qﬁi’ol%?f%e\ro\ﬁﬁhéssm%.sa%dqag ailéggontrolled
are al'so ke as possible to mnimze

ev apypasitioming shedpistome 1 bp eTm dezompressidin endienerapressierscycles within

o 1 10 i b Ro 1€ o "pRtehoa D ARt odgy B As air

13 he i1 SRECHaBRP b befthcdcoMPrdsied, air i tel diér 1§B@in%@é‘c@ﬂ@ressed As
nonva@gr ous water extracting valves 156 and 1

r es pedEicRe yith Hiec PR OTPYE by FIGKIRE Zi i i RepsierstRod that the

wat @oidw tdyiRddr L4 Rt HRbesWRTIG NirhBREfoV Rivisy A%cﬁﬁ? ot81n some
and the conduits 160 and 161 at maxi mum posSsi b

| ev@pplicatipiss eq¢ha Aym@etricRecrasioiegtionf air cont a| ned
therewithin and not within the first and second

chanbers 124 and 128, respectively, where nonvaporous

wat er i s subj &t dnd second\isernay ait mgsitumndlv&ed:éﬁmhd/m&rontrol the

20} o BhEET 9h S o e Treglty: vy Bk Coniti 180 & T first and second
SeC Ak ML 128 JurRHcohddl Of thé E]S‘pa?é’chd ERBo11drl54R3Y Sonnections

first and second drain channel s, general |y indicated
by befween terainalstab e repssenied bmlrclp@gpr@eltaﬂw’é pgd Sy paspertively.

ar e gghpWigi QeGP ﬁ(f%to%{h e? T g:ﬁ %chg ‘fgs‘o extract

nonvapor ous wat er e first an econd
124 nanchpdR8is waterfearn itheefingt and second chambers 124 and 128, via thermally

25 insulated conduits 160 and 161, to internal water reservoirs 158 and 187 under

W

control of the apparatus controller 154, via connections between terminals that are

represented by circled numerals 3 and 11, respectively.
As shown by FIGURE 8, to minimize evaporation, the internal water

reservoirs 158 and 187 are concavely configured so that the upper surface area of

30  retained water is much smaller than the summative surface area of all water droplets
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to the first and second nonvaporous water extracting

val ves 156 and 180, respectively. The piston rod 118
woaws@wenf i gurati on of an el ongate, hol | ow t uPE€T/US2008/052005

first water droplet renoval device driver rod 173

coax@ Jl ﬁle%ﬁgtrélllédd:ﬁlbl Th@ K& ASwA Q{)&H&t}ofr? ??]Ephrgf Hﬁ &l also be

118 and 1's operatively connecte et ween t

wat elophigkvrdoeﬁguredrms ahowimaby EEGIIRE 7arﬁmi thérsanakr liegson. ﬂzre dimensions

secon

o <O e Bdpishd ARG R Sl L2 fng) 25,1 Rtively, and

The tijd ﬁate@ﬁhl redérvol® 158aatidal87yaré Ao Keptiatimyalleast fpasible to minimize
through t he hol |l ow second water droplet renoval device

Sdr i G¥IPOFRiPny il the @PPrationsntahs RRAVGPQIBRTWRIPREKIgEkRgves 156 and
the 186 ﬁfm&)o‘ﬁﬁi ﬁEd dri@rthet of (BERYRE a‘fi Gifiif sﬁ&% vﬁog 13@ ei"or the same

driver driver 120 trans at es i rst
sec mdomt\édltldnaim éle firstrand secotid nprvapprsys WAk eatralctmzsfalves 156

and aﬁ&' 986, f s ecttlbf afestc:j r%g)?leﬁ 6 %‘aﬁn g(Flil\gfx?rﬁ)h? Swater within the

renoval deV| respec
oppasennel waueg httSﬁaroaks did andfli8and thb ccmduitsn h60 amd 161 at maximum
ndi cat b shart est nd | on t. ones
1] Qo pERIIE s ofnif Bhirsipese PR amoRae 66 bis 805 ingd hepggithin and nor
The vfifhibthe Finél ai@ SU0Ad ¥Rin®ersI12anng1128 eFspetivdle Wikes nénvhporous

and 181, respectively, nove independently of the
pi stegker s subiert toremavdh bytfivst andoseconthwater Tomeval devices, generally

Conﬁ?d?éa‘; l?}g%g e %ﬁﬁ‘ﬁer&’l@ 1‘7?%&‘@8?&%&9&&% removal

devi ce t I nterior surfaces the first
and second chambers 124 and 128 toward the first and

oxtract i on. oo apoeBt & ad SRR, g 28 SR 14 nave
15and fit§i@nb 3&cond drain ohaipels P peneyilyendicited by kdferendd umethls 146 and

wat er reservoirs 158 and 187 via thermall i nsul at ed
condff EsREEVEl B SRV e PRRETAE I cichlee 0 FefgiYe and direct

164 nobpiefous QhHdrtoR khd ARt ARPRCEAdShanRES P14 zﬁfd 1]2§4 réspéktively,
connections between term nals each represented

by
ci r & dbe rfinsb@nd seconst nepvapofoushwaigppritraciirg vabyes s156 and 180,

l oc ‘?% Z)gct}vrélys Ufoéaﬁ aﬁm rg{i rﬁlg fas ngﬁ%u"r%éo%rofehjnt %r&lalee hollow tube.

ext reserv can otat ed
20at anfirst svater |dmpletammvalmmce daiverofodt 178 coaxieMyramd slidably extends

et SORG e tof T8, S ToBERkRY PRecERLocEch BB e water

be [aespléti remedalieice AT eandhe Ufiver B20e A sexdredr watkr d@phit removal
reserv0|r 165 to harvest ener gy derived fron1ma

f 1 oWevige drimererod: He als haschenfigiration\afan elengais, thﬁﬁow tube. The

f I r %ist&ﬂ oS e Gga)dlaﬁtyeﬁﬁiﬁLhcfaﬁ@eéﬁ’c@ﬁcfssthilcﬁl%hatﬁg hbfldwt Rcond water
| ow I evel , external water reservoir 165. This

25a| t érqr&@tereaww&ln@eéw&rﬂrweg red 445 iand us pperatively gommecigrhebegyeen the
the s@ldh8 Nake aRpid Sefbviitdettice’ | 1VaReiHAdriver 120. The driver 120

translates the first and second water droplet removal device rods 173 and 175, and
therefore the first and second water droplet removal devices 171 and 181,
respectively, in opposite, rightward and leftward directions, as indicated by the
30  shortest and longest ones, respectively, of the three double-ended arrows 119. The
first and second water droplet removal devices 171 and 181, respectively, move

independently of the piston 116 and of each other to transfer water condensed and
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i ndi cated by dashed |lines. First and second air
harvesting val ves 167 and 177 harvest air, fromthe

wo 20081092681 second chanbers 124 and 128 via a tPEF/Iat00§/052005
i nsul ated conduit 168 to a thermal energy harvesting

devigGhestdPon Hl@%er%gﬁlétqjenﬁ(/altd&@w@ AR %ﬁ@%ﬂ %he‘:lﬁfyrﬁ)f’ bdr®ices of the

154 via connecti ons tween term nal

r epifiestand secong chambéred2shand i 23 B)V@réﬂu: %st arehwe@md dnain/channels
i Sho R RRLRLEST UiRagByocs 127, and 129 send

S represen I've Of pressures in the chanbers

124 and 128 to the apparatus controller 154 via
connections befween term nals that are repre ent ed

circled nunbe nsa%‘ausldvat?re%%qsﬂ% yalves 16 apd bé&’ harvest
Sn ot %Qm?a?@?ou@ |%@di‘é}e ﬁoﬂ{ theShiefiml water Q@se?vﬂlfsnPﬁSeﬂldf 159 rR}la thermally

data 1 ndicating | ocations at which the driver

pos insulared cpmlamq@u 1§B @nd 18% to meexserpaloxaitoresermoir 164, under control of
rec §&hﬁr&og&8u{% g%aogﬁlnbéﬁ'ﬁg b%)[%e&f‘feﬂgmals %H&pl%ﬁre%med by
appara ses an s. For "exanple, as an

al t eirclad mumbprset end &2 dfrtimoﬁppemtust blOt isaocansfd inhsmitable terrain, an

cylinder-npi.sto chani S8

ot g 8 B BB el AT 165 o gsled ac an
10vi eelevhtich lolves theln cina ob e, 1nt§ﬁmléwaief )feselﬂ'dirclaﬂea\xit}nergy-harvestmg

reference nuneral 224, having . a ¢l osed end 222

f | eSFHFe SHE %ﬂ?r‘é{@‘ﬁ’i BiBine ATV RlRHtHG ERHGRROTHO6y Fp@tﬁ b pasitioned

224 proxihae ttﬁeolb{vﬁlblle@ ék@érﬂﬂ&vat&%@&hﬁﬂ I>65' D husads %Hergy derlved from
reference nuneral 226, is defined as being wthiR the

changtar fioving,nendse theeiafuense of Igeayaty, &iem theAirghand segond  internal

fle [ | | 26 .i

cont el Pl 138 AT B Lo NEveh W Bl S? had omase
15232 arraigeatent i also nklustmwd by FIGURE &, a¢he d2ndte/pahsiofapdteraftpw being

rod driven in rightward and | eftward

di rerbq}?ag)‘ﬁlsv@yag Pﬁcg}lgeﬁt ed by a doubl e-ended arrow 219,

Al t hough the chanber 224 is shown having a circul ar

cylindrical shape, it could have alnpbst any fixed
confi gur at i onFital andseegid it haymesking ivAlven &67 and 177 harvest air, from

L;pﬁ%ﬁw s\és%e %’ﬁ er12%%£&\"1§§‘ vi haetlh Tg;elfemgﬁte&?@ﬂﬂlt 168 to

pr etrtkerinak anergy daryestingrdeaioe 178y umder |cngtwlabfvtb¢ appanathecontroller

Xt 1R tln val.ve and a yat er devi The

207 ISR Bty Ao (e BEP A vl P mumerals 5
samand l8|;1 cdspestivaly . t Fﬂ'stmrﬂt senoﬂtﬁpnekmlm ghupek 1 BURRd 129 Bhed signals
operation aof t e val ves

a ter devi ces
b FePeieBis e oLt Risy o 6 Patibers 1200 § 0 14 6 Agpaspimg pontroler

el enspim c%hﬂé&ﬁo@be{waalﬁl%ninalﬁﬁaﬂ die tepPeseRBEDP EirélE8Enumbers 6 and
apparatus 110 shown by FI GURE 8, where a
10, respectively. It is to be noted that chamber pressures can be estimated from data

25 indicating the locations at which the driver 120 positions the piston 116.

Decompression and recompression can be accomplished by using a
number of apparatuses and methods. For example, as an alternative preferred
embodiment to that of the cylinder-piston mechanism shown by FIGURE 7,
FIGURE 9, not drawn to scale, shows a transparent, perspective view of a closed

30 chamber, generally indicated by reference numeral 224, having a closed end 222 and
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conmon piston 116 and a pair of oppositely disposed
and operated chanbers 124 and 128 are used to perform

W@ 2ai092088 deconpressi on and reconpression opeP@ir/'Usmsmszoos
that are 180 degrees out of phase with each ot her,

ot ey RiBhER 255 aCORREICERAS bl GARRI 208 at'?n%%%"“able

in &olnmen genetdilyandiedted yf refgrpesinimeyal 326,00 defthed aszlbemg within the

oP nFfhbeiaas HhT béurlh e Hl et 2T Ty forb® PRhr@ 32, The

t hatortfotlaBié GoR@@ 226Ss Cotitrodied DE alseeposition ofalgdflexitle Ehaphragm 232,
Al t houog}yh not shown, as with t

e second cha% % ﬁ
5shoWiqByis rpengtedsto 2 dEVEH#RQ by Adliaphragm apd & whichgs driven in
hav ?i@ﬁﬂwa% fan "@RWhIP ﬁfﬂééﬁdﬁ@ dasafhdﬁ:'afedhl?{ ‘éeéédbihgeﬁfﬁhvﬁrow 219.

er extracting valve and a water renoval devi ce
TheAdtdmngintHelmmbeIeZZﬂ 'mp‘ihowgrhazmg a/\mmu(tbrbali;mdracal;shape it could

performthe sang function as t co iston 116 .
P oy e SRR Ui S, | AfnGRARE DaPh I e fepresontative
wat FIGUREDY, ak vigithe eBani¥ey 2d sBOWR bP FIGHRE K Vihe ¢hdriber 224 would
described for the simlar el enment s shown by FlI GURE 8.

10, ¢  plso hgve,an AisPEGITGHAENt SYHER, Al HF h&&vage%w Angielsextracting
COUIVQV@ %n& lébs%tblt fhtn%{/ai QEvitd10TRe TRRWMIE Qiépﬂagﬂ% %ould basically

th rou% exanpl e (not shown) would nbi ne a
pl upentemy tl@fsamn dunetipn s tha pistaax wmwarmeﬁlg}% 7. The operation of

opegpat

PO AR 95 38 B0 30 AL Gl e o e
eacbmphasslangntstﬂhowgfbyaﬁl(ilﬁﬁéﬂ one chanber, woul d

extend radially froma conmon, central driver. As

shown by FI GURES 10 and 11, one species of the generic

15wat er dropl et Asandwatasel ey iteeapparhushshbywnFyEIREIRE 8, where a

(and devices 1 and 181 as sho Fl 8),

namEPRod R}\%?%H%l P’Efgﬁ 81T (OF PBRAHCR ‘P%/Fe’tsedw @‘@E%R%?‘FS‘/ chambers 124
I Ndiafd i B8lareYuséLioPePBAR aPdiFRIF dbcofmpredsfoncind ﬂ@cﬁﬁg)r&dsidihl dperations
the chanber 24 (or within the chanbers 124 an

shost are FI8URERregs QuicRf thase Wil eachsothel, s Blemslivo rpreferred

bet %%Bd]{nﬁ:% métxett 9{0\&;13 Blat BwiP B§I flg’[IH AR f ] oul@‘rhse tpﬁ flexible

anal ogy er extraction using ers 'S
20f amdiaphragepd3@rin emnmonfwmﬂaailmlr ofa;ppmsﬁélycolmpeseld&dné @perated chambers

gg E gﬁég,zslhgglpﬁoggﬁégﬁg eqs ?% mmnraﬁ iépfgcén%g%icghzind recompression

deviopératiyiitRit adk 080 @igPees @'uf hase\With @@élﬁéﬂiﬁ U&Iﬂibugh not shown,
fibers 78 of the filter 72. esultlnﬁ %l; wat er

des @&t e Ferandschamand 28I shovm du kL | ﬁ’@r?é‘élt@lnal chamber

gr a‘()Jotul’d alﬁ(?ﬁ v doif ﬁ@eétﬁ)‘ﬁe\)’al\ﬂoﬁﬁ hﬁ‘mawesﬁﬁﬁvél{?@‘rﬁbﬁﬁtelzéxtractmg
(or the chanbers 124 and 128 as shown 8)

25 valve and a water removal device. The common ﬂex1b1e d1aphragm 232 would

basically perform the same function as the common piston 116 shown by FIGURE

8. The operation of the valves and water removal devices would also be as

previously described for the similar elements shown by FIGURE 8.
It is to be noted that other alternative embodiments could be

30 substituted for those shown by FIGURES 7 through 9. An example (not shown)

would combine a plurality of thermally insulated chambers and operationally
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and is extracted via the water extracting valve 56 (or
the water extracting valves 156 and 180 as shown by

WOL@8IRER08§ under control of the apparatus contPOI/U82008/052005
54. Although the filter 72 is shown and descri bed as

ar < 6Rpat B i Sila? o0 U MRHR' B FRGURIR, 1dpeCB " Separac

capidiigitudihalaaey) each mslﬂg]dmmgal at feabtge \Whiraberd voRldedxtend radially
upon their surfaces shown by FIGURE 7, and as

pre °3b§F9mH‘é’§cF‘?“H@H “Yfﬁe piston rod 18 of the

apparatus 10 is centrally connected to the piston 16;

and both are translatable by the driver 20 in ]

ri ght ward andAsshewapy FIGHEES Khand 1ds ope spegies of thsygeperic water

sdoull i Q&ﬁgva‘i‘ BEAY 1Pshdvh BICERTIRE T \Ebvices ‘P‘Wpﬁrﬁisf&(l as shown

respecti vel controlled air wthin the chanmber
wi t By FI Banhamely 1 2 vaterddopiet aemeyal viiiltesy g@mmlBElrEI)Qated by

FI ow.frgnt and, Si
i cndepos nEAcal b, §ARBREH Vb e ARfeL PP iRl chambers
|f nglmd eﬁ% ast ad shewnlbgl ng}rURESI duah tigi lmegar i $e1hﬂik§ rﬁd)tidnﬂ:"etween the
i bers 78. The wat [o renoval device driver ,
' g’n"l"’ldatEF §°Qf¥ﬂj‘?g e R R gnathxgy PRI X TRy usmg ﬁlé?ﬁ gibers 1s
10b Ot theafamilidr BRpérained bEwhdér VAgordfdny @f(ha?&i Aif céﬂd&ﬁhﬂ@hﬁon ﬁbers of

and | eftward directions as indicated by a doubl e-ended
ar r 8wkignask orisearf a3 gxbipled gir passeyhetween them; da thel pressat device, water

' ndﬁﬁdy@?&;ﬂe& %Ed %(Fre(g& Lﬁf}oﬁ?}b%g 780 fcﬁ{é AR 420 eR?sﬁgtirfg' 1¥lid water

I ston Ws “su C|en pace o
fil desceilrlsl ahelrruﬁgldmwn\dardgoundeo meomﬂumoe&ifgrawgr ipoolis am the lower

bet ter d 72 and th
o onpraons T atibeE5 Porthe (TGRS 124an 28 55 sfih b FIGURE ®),
15F i t afd 1sd:§ahated/wlh m@wit&ee)@ﬁ alx?e456 @p dlea»art@fsexkﬂa@tmg valves 156

ring 76 i s nounted eé)e“ her al around the filter
hol dud 180, 35 Fhewndy 18 g Gatol of (the#ppARaLuS controller 54.

tr amﬁl%gu i ﬁrtelcwi@@ﬁo% aﬁ@l deQaes %@%a%h hseé'#st &f is to be

he resilient ring 76 w pes water condensed
an d uadgisteed dt mouldealsqhaéﬁ japy o5y pamber qffothaidilich glements capable

24, I 4 for
subggg%}g%ﬁmhé]? rac &Cﬁgw%e ? éle{s ?’Pﬁéﬂélﬂﬁ?%eés 74 can
be noved |ndependently of the piston 16, the latter
can be held nIe sired. rcent

20 or o op! ot AsAOvERE FIURE £ 4585 preuichsly GEHPEE, ¢ piston rod
remgalf ihel zlppﬁra?l& 10 Ggnckheal5OBérnelle@ doathé A§i6n 16; and both are
transferred to the closed end 22 of the c I|nder 14. A

spedinilaable by the devered] ngdgliwardeandlgkward ipny rag mdigated by

re ”méadoumlénQe@ﬁrmqg o %cﬁﬂpr@ﬁtdnmré&txﬂﬂ?&sofesﬁé’c@i'b@lkll controlled
productivit ener and water extraction per unit

t i meirj wWithig| %g.qbﬁmb@' (’%éor within the chambers 124 and 128 as shown by

25 FIGURE 8). FIGURES 10 and 11, respectively, show front and side views of the

water droplet removal filter 72, which includes a filter holder 74 that supports the

filter fibers 78. The water droplet removal device driver rod 73 is centrally

connected to the filter holder 74, and both are translatable by the driver 20 in

rightward and leftward directions as indicated by a double-ended arrow 83. The

30 filter holder 74 can be translated independently of the piston 16, provided the

position of the piston 16 allows sufficient space for the filter holder 74 to do so, to
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time spent for each machi ne cycle and the work

perfornmed during deconpression and water renoval. This
wore@s®9zokait t he desired percentage i s a vari abP€r/banesios2005

on the desi red operating paranmeters and existing

Iﬂ?i' %‘ﬁh{' MWtion béAde E?‘tlﬂtz v&%qu fe?sfglﬁfi%élvﬁlltéf 72 and the

|II e ano her species of the ge

dr opbstroltedraival device 7 1 shown by FIGURE 7 (and

devices 171 and 181 as shown by FIGURE 8), nanely, a

wat er droplet renoval fan, generally indicated by

reference nun%alﬁlt%ﬁholﬁéﬁl?ﬁ%oﬁﬁg@ed td-fit §1ﬁﬁB@C\KritMﬁlth{e chamber
show front and side views of the water El?tfl r enoval
1

f an 28pandghieshientyang iels mounged m&phféalhearoum tpg hplder 74. The

SC e ntv\fa?e'r |d¥o;ﬁ&qeﬁ19{/zﬁtfﬁtkal" ¥2 ﬁ'Hlﬁb?&'E Rx%fér @fn&eﬂ&dfaﬁﬁ c&ﬁéé@@d on the filter
4, [ east one fan blade 90, four bein by

FI G@PEaIerhe rresilient [ringelé wm@s watesreondensed andiena esml vmth@rmterlor

d
o Ptoc SRR 78" Bl b RER (AU, GOBRRGARyy 14 for

in Bulg;hqumt ekteaotion. e$Sinveathd fiiier h«::ltlero’h%caasbemmdned andepertigntly of the

BV o FEdReschap Pechiid aRugnlsas mhfthf dgSg! pgentage of water

10dr i \dedpleth@bebi Ebinfve@ By lihe vaat@ﬂ dropleBlemdvil GikeBT2 frémahdedhtrolled
88 can be rotated and axi all % nmoved i ndependently of

t he i ddrRnstsTIsd 39 ithro slogedee of the ylinderel4yi & Qmmfygatlon of a
al | Qusiredetdenta880f %f‘é? %r(f;%t rEBszh YouRBbe Bast@ oﬁ%nggﬁmlzatlon of
fan 82 creates a turbulence in the air that i
wat evergH psoductvity, ot energiiandavater extrdetion per ulahtjmc dn relation to the
congens S
v e pens 18 Bich AU BLESAR, Wb BLAGRR dBf REEpression
50 h aahe wated r¢movat. Hehiscinearts elizs Msm@ei&ﬁtags isshwaniableybased on the
Gg %W The pitch of a caonventi OH ropel | er bl ade
en&FYTY P&E’éﬂ“&é’é@%"%%&?‘hfws‘\m& WeHRL R é’é‘%‘% om t he
blade s axis of revolution, and such bl ades woul d
produce a relativel smooth f1 ow of air and water .
dr opI ets. Not &IG H&%%% ang Hatre&m@“fﬁlx dhistateranether spreies of the
Cr e o e SR el Bl RFy ERGURE] (and devices 171 and
t hatl8t assbewndtye FIGUBEI &t snatnolywl waige dedplet tehmvbl &ahegenerally

220 R R L BOBEN IS 55y S on

FI GalEsi@g viend of theonatraiopletrdthodlsiFaes] witich hrludeye lfan holder 84.
i nner_ surface of the chanber 24 (or the chanbers 12

and A8 S&is cRRHIAPdEPEaRE %lpmfr%bx th fahelder &l and at least one
confriOa&So0, Foht ﬁelﬁg s By PIGURR 1tzh %a&il@r@@énd%o&mhe hub 88.

the_chanbers 124 and 128 as shown
r esilihF &ater dropjetggmpyal device rod 73 is centrally connected to the hub 88 Both

25  are axially moved by the driver 20 in rightward and leftward directions as indicated
by the double-ended arrow 83, and the water droplet removal device rod 73 can
also be rotated by the driver 20 as indicated by a circular arrow 85. The hub 88 can
be rotated and axially moved independently of the piston 16 provided the position

of the piston 16 allows sufficient space for the hub 88 to do so.
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nount ed peripherally around the fan hol der 84. The fan
hol der 24 transfers water condensed and coal esced on

W@ h@sHmes82, and the resilient ring 86 w pes WeCEUS2008/052005
condensed and coal esced on the interior surface of the

chanber 24 (or 89 Wﬁr@aé@? nﬁ@ﬂ{:&&q{ﬁe pﬁi’é@ilﬁ%elé: lrr]vaégﬁroplets
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it is to be understood that they could al so

si nilPhpnd 12%aushownt yeFKIMRE S uses shown by FI GURE 9. As
previously nmentioned, the [ogic flow diagram of FI GURE

6 illustrates a preferred process of the present

| nvent i on f or Thafandutlder@4liatendiguestdetodit skidablywwith'mpm chasnber 24

br o0t ¢ St 128454 T b U By ERPURE' 8803 Bt rine 85
15st eﬁ&)unrekilpeﬁphefany hnouhe thﬂﬁ?ﬁ hokieﬂlﬁw trhcf: Ifzﬁﬁl{lﬂdﬁr Mardnsfers water

nmechnan| s ) Icn.1s 1TU I Ona

reprc%%‘i,fﬁf Wﬁ“ %‘QXSFFF\L 08t erfa%%oar%m gest }%élt §’2’8vr#ﬁy Wipes water

a f chidenfd0n8 26al8dcEPon theRAELbICHkRAle GTRS Blantter 24 (or chambers 124
atnospheric air is ingested into the controlla

vol 128asoshowndydip: Sistoward trpdzain ehappgl dp eﬂ@refbe giain channels
t he 19paR4 198 Af shi\n %#r rﬁlﬁgﬁﬁ gi gﬂth%géy%ﬁ(ti%izln@{bg etﬂé ci1itfiter 114 as

i ghtward novemnent
20:y| ishalen byl FIGHRE!S) mrgiuhg:qoént ekraction.y &is v@im th&fitter 72, since the fan

actio are contr | l.ed at roll er

ahi GR35 24T bf BOLEP i ESenindy T 8P PRloRY o8 PIE nofih py FiGURE
par 18),ahi¢ Rttev@inbetheldl matidnléss antieedesired psﬁceﬁtagﬂbibwitbredroplets has
chanber 24. In a first of three previ ously descri W\%‘G

al t SEsmremeed by e wajeis draplet semexaifan i8 tipm the copirelied air and

usi RQAnd¥ALL BPhe dBAR ERMnEIYd @F HRAUrSHIRLARIY V46 Ad 128 as shown by
25 FIGURE 8) of the cylinder 14 (or the cylinder 114 as shown by FIGURE 8) for
subsequent extraction. Although the water droplet removal filter 72, shown by
FIGURES 10 and 11, and fan 82, shown by FIGURES 12 and 13, have been
described as they would be used with the apparatuses shown by FIGURES 7 and 8,

¥}

it is to be understood that they could also be similarly used in the apparatuses shown
30 by FIGURE 9.
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apparatus 10, for exanple, as illustrated by FI GURE 1
to increase the ingested thernmal energy of the
W@ b@sipysman ¢ process. In a second of the thrR€I/US2008/052005
alternatives, water vaporized using avail abl e energy
col l ected ext t
ool | oot e ext bkl shifoRARaSE i W et WERSURE 6
t hr dhsahtesn nvaetfcnred;prqgmﬂf tlapepresent inventbarpfoe haryesting latent energy
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SR o Ront B8 Okt Sont bk iR, Hhe PR Bl iy, excent
| nt as dtherwissindiehied pihe pradessnseeps Gvilliptimarilyt beedesprivedavits respect to

t he ingested air tyoll.ably, deconpressed so,
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t hea@asléheﬁlﬁlalrelﬁ yigesechiatn the confrollable vohuneefiihe apparats 10. This
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wat sroverapuirofdbe psamekd Waihmrtdie ayBadenrldtundar g of the driver 20.

pressure.. where th ter vapor condens to.a liqyid .
105 S BRIN agtighy 4 Soregiled By U apBRras SOPLTH Py Pich g Eloses the air

depmgbttidmgvatl@e 82 swhénda Sasdictlar Wigurtle o g B&sSbé@ migésted into the

t hus | g as constituents, a mxture of water

vapBIF é i d wat er and, possi bl y, solid water. The

change of state of water is attended by a rel ease of

| atent energy that is added to the overall internal

ener gyof the Headirplr @fs@w piteviously Gloreribied dlesraatiyespredngested,

" eDLERaphald 8 R Wi GLal OB Rl CRRLAN UGeAN) (o the

pr essur ring an Adi eco ion o
15at rm[smh:&ns ¢0afor, examplerrmv EillusmfatddOHSW EI@URESl @ fimteasaniie mgested

sub e nt adi at ressi on the air, i C )
ol e of B hrmindSeaB PedHeeio gt e 42 e e fernatives,
IS afth IRPorizet AW Saaaﬂaﬂé eﬁerg} coNested®xterhdlBstoGthe apparatus 10 is
saturated air as tunctions o nper at ure and

pr e H¥ipduced, igtopretipgesteds g@@g,ghegtce@r e ﬂﬁgl of the three alternatives,
decgnp és?édogtnﬂﬂ e ot is Wafm@PlaRd &L oriZBd I Ms also introduced into

dec SSI on, raction greéter than zero an
20t halt one of nonvaporous water in the deconpressed a| r
is extracted. At this point in the process, the
fractional portions of the liquid and any solid water
are retai ned Ima secompproatss step pfolowaig man@snmem theicontrollable

58 wi t hi arat us as_sho
ori Spioes 2pop it A 2Bt 19 e Enebdd B R ety desompressed so
I Nt gfanad h@ne rogdat&f vallide n@aVARE E:lol'eb&/e)‘\ﬂieﬁé’lgl S m&tdeasﬁlﬁféssmn is
fromthe systemas the water js extracte
performedsuch that little or no energy is exchanged between the decompressing air
25 and the external environment; that is, the decompression is performed nearly
adiabatically. As the adiabatic decompression progresses, the partial pressure of the
water vapor decreases toward a saturation vapor pressure, where the water vapor
condenses to a liquid state, a portion of the water vapor possibly also depositing to
a solid state. The decompressing air thus includes, as constituents, a mixture of
30  water vapor, liquid water and, possibly, solid water. The change of state of water

is attended by a release of latent energy that is added to the overall internal energy
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process is slightly nonadi abatic, but the internal
energy of renoved nonvaporous water is small in
w@eimgaiosdn to the internal energy of the air PEI/§2008/052005
processed. This process involves no significant change
e
rop LR T s bE IR FRGURE, AUIEa oBurhlbTeficBinyion pt g peftionstip
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vat air, hasciberf doamiéclient BeRFidon@énéation) FIGURES14.6s a graphic
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i ning deconpressed air is reconpressed
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100 ni pravksss @i frdtloasl potioieofahe &ifiid and dnhSolidWabdr £&$ained in a
for thernodynam c reasons, the final pressure wll

be
hi gRERTtRIRCTIAE WAIST Fosaivolr R§esthin thegpparays 40, as shown by FIGURE
Addipt ?%ﬁ'té) mehngewv&wﬁh%&m be tg rgb i t?[geee(aﬁ nergy of the

represented anbunts of the pressure a

of nhevaperwsPVaeTs isnextrictedafremathe aystemt 25 theabatay isextracted, the

uns rat. e he anount

o PSR P RS BB 30 PRl Y08 S DB Bvaporos

15t he wiater tig sailallcmmbmphﬂlmd o cﬁeumBrmﬂl emdrgy afithe airfteiny pmb&sea This
t he _anount ne .of t ecorr‘?Sr essing air, reac

Ql vol
t haPTSF LIS 19 SIETIEGHILCBRmas 0 PETSaE opielgprature and S therefore

ACt behrésénte@ s Gcollfridfpl dt edincidBitipdints 4 QRO FRINARSHAtHe AbwEEpressure
term nated when represented anounts of the pressure

and W Whiehe theicomEolind pifielsr decomprassed apd dndicating the egngition of
st ak&tﬂlgggaiggpeﬂ aﬂtwn%&%% SRS TR ge@g;@uﬁ e btively, in

openi ng arvesting

20pr ot&SERESel®, andi tM). t he final thernodynami c conditions
bei ng as descri bed, the reconpressed air is harvested
fromthe chanber 24 containing the controllable vol une

26 of FIGURE Tn alleurfit GROWS 3G #tedr it fxﬁ@tﬁbrﬁDWﬁérﬁdof the
through the conduit 68 to the external thermal energ

har PREYIPATPUY XAleIchayg hepn pxtracat andyplapgth feths dpternal é?sl%‘fmf the

ene&aﬁalﬁﬁlgtcfésolﬁ&@m raﬁ31§ @6coMpressdd §d1§bzﬁﬁhlly€ eelirl | @@ pRdssure it
the reconpressed air has tenperature, and ‘possibly

pr edad;waen mitddydngestadn Recgmpression can be termmated when the amount of
25  pressure of the recompressing air reaches that of the initial controlled volume of air.

Recompression can also be terminated when the amount of volume of the
recompressing air reaches that of the initial controlled volume of air. In the latter
case, for thermodynamic reasons, the final pressure will be higher than the initial
ingestion pressure.  Additionally, recompression can be terminated when
30  represented amounts of the pressure and of the volume of the recompressing air are

at any state along an unsaturated adiabat between a point where the amount of
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the initial, atnospheric air. As desired and
appropriate, the thermal energy of the harvested air

W@ 2008109205%t ai ned for use at a later tinme. For PXEEB1088/052005
the thernodynam c free energy can be used to change
t he .
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tengﬁélglﬁéj{h% am%r@ésﬁgg%ﬁe ghar vesting increased
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such as” t hernocoupl es, thernoel ectric th
si | hanyest thentncreased integnal En@rgy @tﬁﬁ@rmwere@ﬁeﬂfam ehefinat gandition

:' > 85 gl%brlééo%gpr‘e%eﬁ At Aias tr[rear{l Tl gﬁ@@&@%ag %r&@?ﬁé?&c%@&mg that of

engthednitib muaospherie aan dkspdesfrsdj amd ap;irémmahs tlteanaﬂmmrgy of the
est d ai.r and, at er.ic air can sed to

Con P B it o hE o TR LPF OGRS BPPuch g Capmpl, the

15C ON¢Remb@yhadRy re€ efdtg]) cabbaudeartd chalge )th@itht@ ¥ @Gvorking material,
W ndt urbi ne- driven electric generator In a sixth

pr ois¥oret eperayicts rekeAsHev ik the prasking é'l*%?féal igpleyed gy change

si MghdeRP AN Shivialbthfd, A R rkink tHatBfiAC&ImSAIG Fused NE this process is
nonvapor ous water harvesting valve 62, shown by Fl GURE

7, paraffpewas, rel easi ng nonvaporous water that was
extracted frominitially ingested, atnospheric air and
retained in the internal water reservoir 58 of the

appar at us 10. ATteenatedy ea]mdhe*rmi/aqmrgyusofmmbeharpeaabsair can be

thro th ondU|t 63 and into e external er

20; O SR a RSP S raf {2 Beraie gufticgEnces between
neanatvested ! dir ttéiﬁlﬁ:rﬁtﬁré Afd ipreRifeahnd\alf6spheSe rafo Itdfmlﬁgature and
Al ternativel and as desired and appropri ate,

nonPEESSHBUS ghing: iicrensed dnternak AnSTAY 0asd EREREE ctﬁrlved from the

congpicturt Bﬁ?ereﬂb@d@e{n ﬂerH%cbrﬁf)llléﬁ@@S faffy o%@&‘aﬁ YreartsO THEIA? energy
the 'water to a lower altitude to facil

and pressure differences between harvested air and atmospherlc air can be used to
25  drive thermodynamic pumps and engines. Temperature differences between the
harvested air and external, atmospheric air can be used to convert thermal energy
to electric energy by using thermoelectric generators such as thermocouples,
thermoelectric thin films on silicon, and the like. The temperature differences can
also be used to convert thermal energy to mechanical energy by using a thermal
30  engine such as a Stirling engine. Temperature and pressure differences between

harvested air and atmospheric air can also be used to convert thermal energy to
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harvesting potential energy possessed by virtue of the
relatively elevated initial position of the

woewsapsous water. As indicated by FI GURE 7, PEBUS2008/052005
potenti al energy can be harvested as descendi ng water

t 0
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t he ener gy e 1niti
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a: o u§$‘ h%@g%t% &ggg&%?ﬁegg&af %ﬁ crong cted ﬁgbﬁ;@f tglg ’mr%ggenerator 66

15si gbeforeratting hiegixa-lrnaflhbw was waner roseesiti6® The hdreested potential
initially ingested air. The physical process, and its

opt FRATEY caast@r adsed tgythe rrpereyy é‘%j%‘?dn by rhajvesung dateRfosnespy It is
as Rate¥Brthy Meat! BE &litd gﬂﬁé&ystﬂf WiiEh hgeﬁbfm§3¥ r&ﬁﬁ&ﬁdextractlon of

condensation or cry st |zat|on reb Yy ad
por NP/¥APOTOUS [yeateh érpgytheecﬂ@a@wswi it also pagiades potable water by

oL S g P PSR SRRSO R crne o

20Accsnat¢|naglerdlanhechfenn@iptwsof t her rodynami cs, energy
added to a gaseous systemis accounted for by the sum
of the increase in the internal energy of the system

and the work dgneefit éfhike ﬁdrﬁvtapﬂﬂoué tvate$ eR@ANOR] ﬁettothpremalmng
describe this in terns of energy and worKk per

uni t
ras §138§ Of IRRVARATARY Watel Within the'hig Yo ukpigaiially 1655 tan fhg total mass of

enekByer foap(glhlﬁatg\ﬂﬁéﬁiﬁer%ﬁé LRI P&IbIY BEposieS BubAS tHe&lecompression
specified in two parts: the change in energy per unit

mas STASESS: h&he pertiogrofahe incessad intpengl grragy Adtolvedaifgeturning the
25  remaining nonvaporous water to water vapor is, therefore, likewise substantially less
than the total internal energy that was increased during the decompression process.

The internal energy of the recompressed air is thus significantly higher than was the
internal energy of the initially ingested air. Depending on operational specifications

of conditions at which the recompression is to be terminated, the pressure of the

30  recompressed air could also be significantly higher than was the pressure of the

initially ingested air.
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state (that is, does not condense or deposit); and the

change in energy per unit mass of the portion of the
wQ@a@shass does change state by condensing to aPCT/gj82088/052005

state and possibly depositing to a solid state. The

first of thes t h
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constant” vo i's the tenperature change, L is
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9]

adla at'ic process that does not iInvolve state change
of the water vapor conponent is a sloping
25 dq = cdT + L dm + pda,

where dq is the energy added to the system per unit mass of air, ¢ is the mass-
specific heat capacity of air at constant volume, dT is the temperature change, L is
the latent heat of condensation, as appropriate (energy per unit-mass of vapor
condensed and possibly deposited), dm is the change in mass of water vapor that

30  changes state per unit mass of air, p is the pressure of the gas, and da is the change
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straight line. Ingested air is represented by a dot at

a pressure of 1000 mllibars, a tenperature of 85
waolegseexssahr enheit, and a relative hum dity oPCT/BHS2008/052005
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As this unsaturated adiabatic process proceeds, there is no condensation, hence

dm=0. The maximum amount of water vapor maintained in a vapor state is limited,
however, by the saturated mixing ratio value and is therefore specified by pressure
and temperature. The lines, or adiabats, relating temperature and pressure and
30  representing unsaturated adiabatic processes in FIGURE 14 have a less positive, that

is, less steep, slope than do the lines representing the water vapor saturation mixing
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conti nues past the saturation point, the water vapor
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saturation eaf be .referr 0 as
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strongly relat'ed to air tenperature an
adiabatic process to distinguish it from the initial unsaturated adiabatic process. The

saturated adiabatic decompression continues to a specified endpoint indicated in
FIGURE 14 by a point on the process curve representing minimum pressure. At the
30  endpoint, the represented controlled volume of air is a gaseous mixture including

liquid water droplets and, possibly, ice crystals.
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pressure. For a given value of pressure, the greater
the tenperature, the greater the anount of water vapor
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endpoi nt

The extraction of water can be accomplished by any of a number of
methods. One method is simply to allow water that has condensed on the inner
surface of the chamber 24, as shown by FIGURE 7, during decompression to run
downwardly under the influence of gravity, pool in the lower portion of the chamber

24, and be extracted via the water extracting valve 56 under control of the apparatus
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near 1000 mllibars. This reconpressi on process

illustrates a case when all liquid and solid water has
whe@d/p®svved. In this case, the adiabatic PCT/US2008/052005

reconpression foll ows an unsaturated adi abati c process
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terms of FIGURE 14, this early stage of the recompression process would follow
backwardly along the same saturated adiabatic process that specified the
decompression but only until all liquid water droplets or ice crystals are evaporated.

30  After that, the process would proceed as an unsaturated adiabatic recompression. In
this case, the unsaturated adiabatic process curve would be slightly to the left of the

one actually shown in FIGURE 14. This would lead to a slightly cooler final
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any of the enbodinents of the present invention from
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bet wasing patg?[ ma$6hlgragtugh@u@mg)y@9 valg . Followmg a saturated adiabatic
25  process, decompression continues until a pressure of 400 millibars is reached.

Water droplets are then extracted, and a subsequent unsaturated adiabatic
recompression to 1000 millibars pressure brings the air to a final temperature of

approximately 77 degrees Fahrenheit.

FIGURE 17 is a graph illustrating the thermodynamic relationship of
30 volume to pressure during the processing illustrated by FIGURE 16. The horizontal
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SS
st?gke. The limit for the embodiment represented by FIGURE 9 is the maximum

W

volume that can be created by a rightward movement of the flexible diaphragm 232.
The process represented by FIGURES 16 and 17 is designed to have final,
decompressed volumes V, slightly more than twice the initially ingested air volume
Vo.

0 FIGURE 19 is a graph illustrating the effect of prewarming and
prehumidifying ingested air of the process shown by FIGURE 16, and FIGURE 20
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the controlled air to a final deconpression vol une

slightly nore than twice the ingestion volune. An
weRiosmp2068 the three alternatives to the firstP@rOS®e8052005

step in using avail able external energy is to increase
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of pregrogssingdlustatedSyNEIGUEREI10. | Ehe hdrizgontahiteid df\FIGURE 20 is
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1008 hE PHARRR Xl SAREETe OFRE Rt wally R i CHaro rior o

by &ir Gogiistion, The sffeqghifl thisgpestaeminghand/dr frebumidfiction of pre-
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gr atfe pré-iM@ised, dosishdrtg4ia khéWn &y YFIGURB 16t i8andeaed ®ySjust 10
exappl e at. 50 degrees Fahrenheit. In the third proces

S

105t efahrgahel} egressaineqihe Watproyer rentephis briought foatagyation at that
adi gafhéCeRBEATHRE SRR PuSHBRE frriiﬁ‘i‘ﬁé'rﬁ‘tid b (RpEFaniEI0?PBO degrees
of the second process step proceeds from
r epFatrephedt; apsesswiernfsl 090 maillbagssandreehynidity of 160 peteentn as shown
by .14 " ' I it i ylinde .
4 B SAPERE:Je SN gheqRNH Dol o W 88, ROp R B ar ai,
poi an inSraabe &1 Bofe3 .2 @ramhef waters perr kil ognain bé dyyetinodver ¢hedT.8 grams
the hum d_ai.r. mxtu attain val ues such th i ncl d .

15, 00 o WabBe Kot SviHi o Bo PRUNTS RtiPele ot Bhgrétees Kpbrenteit.
condense into a liquid, and possibly also to deposit

to forma soljd. As deconpression cqptinues
condensat i on t‘,"bﬁ}l“? ﬁﬁ‘é‘i;prg St§{ep,| ay diystiategk by FIGURE 16, the

CongeNaRhie@ hdt@Alé AB&niresskh qeaRkdtA &b edeiscfﬁgﬁfoﬂ%f the second
energy of the air mxture. As shown by FIGJRE 16, the
i ncPEOgSss siap aroeeciinfremrgpresensatiyy prints dde dxstthepistend 6ashown by
Wl [ LNg .
e URE L RBLAL UGG D e SARRERTERILYhilf b aviver
200f 2haAgecmEseated Hygromer3aafiFIGURE h6 pthe psasswre and temperature of the

dec ression represented b | GURE, 16 as bhein .
ot MUBH 56 P RrSRLTE FuFCsdl shafaghinet uflfy Fioh daphes a point of
di f fgi@tibdn fegmstibeoniddhse ko & lignide andpossiviniles tiadeposit Rform a
bet ween points 3 and 4. As previously discussed in
reg&?lﬂi-to the three alternatives to the first process
step, if available energy is used to prewarm and/ or
prehum di fy at nospheric

As decompression continues, condensation continues; and the latent

25  heat of condensation continues to be added to the internal energy of the air mixture.
As shown by FIGURE 16, the increase in the internal energy decreases the rate at
which the temperature of the air decreases during the nearly adiabatic expansion and
decompression. The rate of change of air temperature with pressure decompression
represented by FIGURE 16 as being between points 2 and 3 is therefore

30 significantly different from the rate of change represented as being between points
3 and 4.
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air, the ingested air will have very different

t hernrodynam c properties. In the exanple introduced
wap@soesesent ed by FI GURE 19, the ingested ai PCHYES2088/052005

tenperature of 60 degrees Fahrenheit rather than the

50 degrees Fant GRlRkbly dHRLKBY B reoho RleaBiTaflb GRS kOthe first
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i ngeretassistap.rif available epergy énsed Trprewamp aind/preprehurmnidify awpespheric

ot e it AR it VY GREAR ol B oM, 1n e
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m | dpenad)santigpojnt 2t(ind@Ating the ichmtigonsrof FgestiRd afr6vhen the air ingestion
essenti al Limts the nunber, of compmDn,. atnps j

105 Vi Bueidse Pt e aind g ple RETRE in b BR AR GURES 19
nangidy20.wat er vapor. By the end of the deconpression
process, specified by the arrival of the piston 16,
shown by FIGURE 7, at the extreme of its rightnost

travel, a fraghjeARs @fis BRIy fds@ible¥RARbmE MRV gafeous component
at nospheric air eﬁégg t}%gn éoﬁjo%r?segl: I nt oml I qui gﬁv\?a%ler. pon

Si nefatmbsphesapiz meight also epnectosatusationydupiag the decomprepsBIRprocess,

16 is below.the freezi .
10 LOnRRBE LI SURGENE SR U R esopgesion
15sonfrofir Y80 hliilibarsstoajust 9060 ntilibaishiar EGURE| Knsssagrially limits the
additional | atent enerqgy. of soljdification, whi cp is .
QB G RMRACHRMFPHEHS A POBIoR (e com e Sdugtiop fo just one,

| "PRLhAP! Wiiter VaOrPr ehumi di fication neans that the air
ingested is saturated so that point 2, representing an

i ngestion condition, and point 3, representing

saturati on, Cﬁgi@lﬁ‘ it dfthd SR sgigngmes%gﬁp%m}eaeﬂ Sthe arrival of

significantly ent 1 n cofparison wt %Ie .
of tierpisehts,ishowin by FHGUBEEH attherexisene ehitedghignostit@uRE a fraction

16, ere.the air. faol i L Cy: -
2050 ahlE gL FaP bapof o AfosBRertiar bt Bhef o fendREilliguid waer.

f ol Sines tiee teaipevaaire depreseated tbyfpotrh 4pini IGURE 46 pobelow the freezing

4. The tenperature | db int 4 | GURE 16

e CATEof BT, 4PACHOR PLITE PAdknRMite! mighy hayEIR R thto some

t empgisalliHetdt€ Bf RECheRBy R¥lcRPhAddHidral 4ten vRErgR &f aolillification,

which is added to the internal energy of the decompressed air.

25 Importantly, the prehumidification means that the air ingested is
saturated so that point 2, representing an ingestion condition, and point 3,
representing saturation, coincide in FIGURES 19 and 20. This is significantly
different in comparison with the example of atmospheric air ingested as represented
by FIGURE 16, where the air follows an unsaturated adiabatic decompression from

30  point 2 to point 3 and thereafter follows a saturated adiabat from point 3 to point 4.
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prehum dified air represented by FIGURE 19 is only
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20st r pogivh-of imernpladnergyasfithe/caneroHéd it miight bl a@sqdrto aedtanp adelcrystals

frompoints 5 toward points 6. As shown FI GURES 1
172 . Suaorafera whieh Boplss WaSyEE AaheRa VP JERPye from the
of wat®iring e lgts pAstdss &€p.C Iy taelsStht 1case, tahrst portion of adiabatic
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o=

As shown by FIGURES 16, 17, 19 and 20, the removal of a
substantial fraction of water droplets and ice crystals from the decompressed air
30  provides an adiabatic recompression process that returns the air to its initial pressure

with a substantially higher temperature than it had upon its ingestion. The substantial
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corresponding endpoint in FIGURE 16. The final air
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{ enper at ur a?‘hgm tl %r‘Mb?i'& ic Claﬁ%lglg Iofgit gl) of reﬁompressed air in
the examples in FIGURE 16 (untreated atmospheric air) and FIGURE 19

25 (atmospheric air prewarmed and prehumidified by available external energy sources)

L

are each significantly different from the ingestion conditions. Moreover, as
previously mentioned, the final thermodynamic conditions of the example in
FIGURE 19 are significantly different from the corresponding endpoint in FIGURE
16. The final air temperature at point 6 of FIGURE 16 is approximately 77 degrees
30  Fahrenheit whereas the final air temperature at point 6 of the atmospheric air that
has been prewarmed and prehumidified by available external energy in FIGURE 19
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t he deconpression work required is to pull the pistons
16 BquIred and TEEAMPTESHON Vask Isrevesy hmb;gwgeputsﬁv the gxgmples

theifoweep FTGURESCiGJSqu 19768 202%he Jv'gl%eQQreQe%gﬂy mterPreted for the
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prewarmed to a higher tenperature of 60 degrees

Fahrenheit and prehum dified to a higher relative

hunm dity of 19fGURECI<8ritlu§t&§te§‘ eleapf&éserasﬁtseﬁsr 8ik ibested at 1000mb,
energé@and hum dity sources. The process curves trace

t he S@degipessFabreneiban Brpereent afﬂﬂitheHémﬂ‘ihﬁﬁél FIGERE iBusgrates the
25;?%8@%&1%9%1%f02 r&dﬁl%'llglt §olu§i%p(ﬁ*zﬁf ﬁl&é‘éd G 1600mb, r}ﬁ%m’?ﬁed to a

I'at ent
higher temperature of 60 degrees Fahrenhelt and prehumidified to a higher relative

humidity of 100 percent using available external energy and humidity sources. The
process curves trace the details of the process, and the final results are represented
by endpoints. Separate curves are shown in FIGURES 18 and 21 for latent energy
30  harvesting from the processed air, work required to force the decompression

process, and recoverable work as recompression occurs while returning to an air
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harvesting fromthe processed air, work required to
force the deconpression process, and recoverabl e work
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1oappar at us. NoraAditduRe3hoi 8bOe inferpretedds@lviolatiéh 6Nthe laws of
energy, the internal energy associated with the state

of thesmedymami¢ss anfr ey \shprldseait be ryiexpdens suppars fore aay ysort of
conv t eI m L % QYard

o propaal Aol dpUARTI ARRI B is, SFefiCl Bhardefcnerey,
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20; nt dHifsaence neatwesn wosk hay| mustopesuppliedn for; dRrempressiop And work
beeRechldrbbdurgGec e dRACThORY enkfdy MGivesttd 'R pAOVia BiS@#ure and
in the specificati on are words of "description and not

of NPt dieioperatogred this energy HrosesyAnparaty by those

famliar with the art to which this invention pertains

that various changes nmay be nmade w t hout departing

from the spi r Whikenthes besyemede tfpie carrying out the invention has been

illustrated and described in detail, it is not intended that all possible forms of the

25  invention have been illustrated and described. Rather, the words used in the
specification are words of description and not of limitation; and it is to be
understood by those familiar with the art to which this invention pertains that
various changes may be made without departing from the spirit and scope of the

invention as defined by the following claims.

-38-



i nvention as defined by the follow ng clains. WHAT | S
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wap@sineross from at nospheric air, one of a desiP&rUS2008/052005
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by the e reconpressed air has a nuch
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165t ak&abite FABrvORNYEME rs&&ﬁé pYRLRE abafk of ﬂfeQie\f@lﬂﬁFesJ%@%rt WEhin the
nonvapor ous water not been extracted fromthe chanber;

17( e) chpambessto rﬁgdqrﬁbe processf dajent enengy release neady irreversible;

t
18?112?3 regt 23 air Ejd)ffd #E@‘{a}ﬁ%&é%%&ﬁ i mpim‘ﬁ ﬂéc%fﬁp?&@ed air in
19c ontheichamberssoehat( gg a rebulh af basg atgofbed thet llaentampegyateltased by the

t he nonvaporous water extr.acted durin e
20 water vapor, %Je recompressed air has a mucfx higher teere(rat)ure and a greater

21 amount of thermal energy, than had the ingested air before being decompressed
22 because the recompressed air retains the thermal energy that would be required to
23 change the state of the nonvaporous water back into vapor had the nonvaporous

24 water not been extracted from the chamber;

25 (e) harvesting the recompressed air from the apparatus; and
26 (f) harvesting thermal energy from the harvested air.
1 2. The method of claim 1, further comprising step (g) of

2 harvesting from the apparatus the nonvaporous water extracted during step (c).

1 3. The method of claim 1, further comprising a step before step
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3. The nethod of claim1l1, further conprising a step
before step(a), the additional step conprising
w@resarssig t he vol une of atnospheric air bef oP€T/URE08/052005
air is ingested. 4. The nethod of claim1, further

onpry sin . st.ep b re. Ry

Pt e BB iR o Svibing O ol aRpnchic i before
i r theh@rieingbedi r is ingested. 5. The nethod of claim

1, further conprising steps before step (a), the

addi ti onal steps conprising prewarm ng and

prehum di fyi ng t he MRl metBoPdf AAifPE FiRhéromtptisia@ aQtep before step
the air is ingested. 6. The nmethod of claim1, wherein |
2 ec de)prthe additjonah step comppisiag nsehumidifying thgy velpms of aymespheric air
§errge@(ﬁ.gqtgem%%&§edarmunt of pressure of the

reconpr éssing ai P reaches that of the initial

controlled volunme of air. 7. The method of claim 1,

erein reco essi t ecqnpressed ajr durin t
i(Ng) is term nated \/ﬁ%@%ﬁ%‘p%@?fﬁl F’oﬁmgfﬁ T rgs]mg( “'g%‘% before step
7 ecqaRtes&idigpnal stepsedaipeiidgprewaimihg and piehumidifying the volume of
controll ed vo|lu of airr, 8 The nmethod of claim1,
@meraé‘F‘ﬁSRhéEBﬁﬁrbggé‘Fﬁt& 3iR s i9gestidor essed air during step
(d) is term nated when anmounts of the pressure and of
the volune of the reconpressing air are at a state
Fepresented até.a pdihet methory ofn claimatlyr sthertimdiespmpressing the

et n Ql.n ere th nt _of nr ur f th
7 cconernbeiy Y e ATRHpR MERR fopf of Btssure of e
Tontrecdrhpmressinty aimeeachesathat afnble mitixd icoftroltedrvehirhe obaip.unt
of volune of the reconpressing air reaches that of the
initial controlled volune of air. 9. A latent energy
Bnd wat er harvesti rtheapRahéd USE, cla@miprli, S whgreimt rdc@x@giessing the
one thermally insulated chanber having a controll able

%ol (IFEOmBESICd A% dUSHIE SRR st EEBingied rvelicsiihe amepwfpf volume of the
srechadinprelPig 4iP cdaBRSI St Mk BRe 88RtARAVORINOLHAE Of

a control |l ed vol ume of water-vapor-containing air
ingested into the at | east one chanber to | ower and
ai se, respectd vel Yyt ssur dqte .
f\:Ni thin the at %'eas%/rhgn?ﬁ ¢ %cﬁb(g{rj;c@%t hlér %ﬁ{e?/ﬁ iu{%a'gﬁlfﬂgﬁeé%ng the
2 nt elepaihprassed airdasieg stop (d)sepaniated Wienramdunts 6fnhe pressure and of

Cu pr"gg?n gﬁ%}:{?"q‘} éﬂ“%%e:‘?pﬂlé?eesgiﬁtg talﬁga"}g Ty Wi 13RS ed 3 a point along an

unsaturated adiabat between a point where the amount of pressure of the

4

5  recompressing air reaches that of the initial controlled volume of air and a point
6  where the amount of volume of the recompressing air reaches that of the initial
7

controlled volume of air.

9. A latent energy and water harvesting apparatus, comprising:

at least one thermally insulated chamber having a controllable
volume;

at least one decompression-recompression mechanism for increasing

and decreasing the volume of a controlled volume of water-vapor-containing air

A N AW N =

ingested into the at least one chamber to lower and raise, respectively, the pressure
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pressure as the pressure within the at | east one
chanber, nonvaporous water resulting froma state
webasye2008 wat er vapor during a deconpressi on PETAURE08/052005
control l ed volunme of air; and an energy harvesting
'PeV'a‘ﬁg tér?ﬁer%fe\/\?ﬁﬁi'nr{g? atf 1edofle CRARHER) €SS ed, controlled
vol uirte of*air, ermal “energy resulting fromthe
&hange of st atagherially Timalaghiateatal svapdr reseavair Spavatet feom, but in
he at | east. one. chanper conprises.a hol|ow cylinder
iR ERaE B 8 A GP BE R (o (epaspily PHeipie: o the same
1001 s pegsstreaasdd et pressurd Qvitin [tREat 1648€ ofid RRRAPer) HONPEpoRous water
control |l abl e vol ume defined within the cylinder and

lhet weawting, &rog) @setecthangh @f twaterpvanasndugiie ardecempressign of the
l?ecgm&%i@ﬁ EGPNRY S551 on mechani sm conprises the at

east one chanber, the piston, a driver and a piston
1% od connect ed abemnexgyrharvestipg dedpe forcharvestidg, frem,a tdvempressed,

1 oo PPt efh B ol AP B Sl Bt ke

reconpress, respectively, air within the at |east one
chanber. 11. e apparatus of .claim9, wherein.the at
east one charBer puays é’fﬁ%‘ffflg]wwa‘?}'ql%&&%t I¢a5E.0nf chamber

2 eagbmpriseschavhiew dyeinder kdvaried chdse@eadaid witkinheNich ds &lidably
fl exi bl e diaphragm at an opposite end, the at |east
Jone disRasRdcr PIIOR; azj % leasheneehambes having gecogtrpllaidel volume defined

400 € Rifhid % E9tlnaBidgha B P P ERsdNE AP Bt Hofn I Whiein the
fl exi bl e di dphragm and erein the
5d e c SpgnmRRyE$SiM-TeeompISs HEs iMechangxh evmprises dhepatileass ohdrehantber, the

ea e fl.exiDbl i aphragm .a drivyer .
d o Slni'S ENBPIRE 3 145y oS B SRR R ol B aiver, e
7di aghiverynanalating the piktonvied,ant e pstow ewayt fromsind tdwigrd teclosed end
8di aphragm rod and fl exing the diaphragm away from and
' owd CPRIPTES G0 Secompress, KFSRSHpElEs AT Aithin the sifagisane chamber.
respectively, air within the at |east one chanber. 12

The apparatus as defined by claim 10, further
lconprising: ahlext dheappasaths pheleim Powherein the 4t deast one chamber

dmi.t.ti . heric air
2207 O B Tl BB g od
3at hevsg adiesibltdiaplagm at as oppositd endntha @o teastsonsadhaiber having a

ext ' f tracting,..fromthe at | east one
“Ehasi e (Bl R BN ATLE Frindel R R Brn P Eed o5 and e
Sst aflexibleadpphragmyendr whepir théuddcompetRsionRe@sspréRtionmechanism
6nonv(gtﬁor.ous t harvesting val ve for harvesting

oAt ef ! ¢ .
non% $§cthe at least one chamber, the flexible diaphragm, a driver and a
7 diaphragm rod connected between the flexible diaphragm and the driver, the driver
8 translating the diaphragm rod and flexing the diaphragm away from and toward the
9  closed end to decompress and recompress, respectively, air within the at least one

10 chamber.

12 The apparatus as defined by claim 10, further comprising:
an external air ingestion device for admitting a controlled volume of

atmospheric air containing water vapor into the at least one chamber;

LW =

at least one thermally insulated nonvaporous water extracting valve
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water retained in the internal water reservoir; an
external water reservoir to receive and retain
wooemsapmsous wat er harvested from the internal POEUS2008/052005
reservoir; at |least one thermally insulated air
%ar \fgls‘%ﬂtﬁguﬁg lf%?n Ihg lat fe%srt The a#a!nﬁ)%r,rtﬁﬁ ﬂmaﬁﬁr%hg’ Watel ’resﬁﬂﬂlg from
arvesting conpressed arr from e at [east one
& harnhestate ahangerof aygterrapas during desbipres$ion; control | i ng

he operation of the air ingestiqn deyic the driver
The ar 1 east dronyrsainop ol Btk amecte i e eolfa ESivaporous
g he wundrrepaiiedus tigintind) avaved Iesengoivial ve, and the at

| east one air harve%iiwg val ve. 13. The appar at us of

9c! aim 12, whePBieKief _ SFSEEY O RTEFET Y 1E i} NQTyaporous water
11 ShanRed front ! ifiéla Mt REvgihan that of the

Internal water reservoir, and wherein the apparatus
1¥ urt her conpr iatkegsteone|thgrohatly insutaeeddair havestingotatviedfor terminating

en i SpQse roXi. t he externpal t .
12 oo S hre o Gy BSSUPE Eolnafesft B B, IR Segot one chamber;
1¥ | owndhg, under the influence of gravity, fromthe

internal water reservoir to.the external ter ) )
1‘Jr eservoir. 14 30T3PRALaIS, coptpdlep, dor, |cg§1tﬁ$1ﬁggvﬁﬁé]pgmquh<g the air
15Xt erigestioradevideN@ie Akiver) tbar 16ast dn® ndhivapstddk Adlter @kiracting valve, the
j ngestion valve, and wherein the apparatus further
léconﬂPP‘é?é’Qr% veAteT hor vasHPg Y HYe cridlithe atlget gpe air harvesting valve.
prehum di fyi ng device, the external air ingestion

val ve having the capability of directing air being

li ngested al oné%neTgﬁ apparatyso of edaimo 12 havhatein ghetextarsal water

ha 8 T r i ' ' -t he at .

7 oot ebroifis tbBled'® th BeVEIloREE B bt bPR leifePhpter reservoir
3pr evand wherginibe apmramsifurthemcamprises dfuiditutbémsdriven electric generator

cha i Qut e bei ng through the ) i
4pr e%&s%ﬁd?pﬁ’%‘&{agﬂe he fégﬁq‘f@ &rf e§eﬁchr fongarg?st CREISY agipsiated with
5c hamaear, floaving auridet/the inflwsat € o P gial By ! A UBDindhdl WAlEr reservoir to

6{)re rm ng devi ce and, t he prehum di fyi ng devi ce and

he 1§ GG IINKALeR TeSINQI- one chanber. 15. The apparat us

of claim 12, wherein the piston rod is hollow and the
apparatus further conprises: a water droplet renoval

lfilter conpridfng db¢ appasatushof dam Ky pherein thgaxtered air ingestion

one 4fi: I . the filter .being, sl.idably di sposed
2 Al I o, STER o nfotnchol Ve o) Poveroie e epRlras further
3not comptiesweair grewarinihg deviegshdadn aivprichimidifyngalevice 2k external

4one chanber t ronmote the, col Iteg,ti on and coal escence
of @l ANgestion v&q@vwgtt ?ﬁaptahlilt)é? irecting air being ingested along one of

5 four routes to the at least one chamber, a first route being directly into the at least

one chamber, a second route being through the prewarming device and then into the

6

7 at least one chamber, a third route being through the prehumidifying device and then
8 into the at least one chamber, and a fourth route being through both the prewarming
9

device and the prehumidifying device and then into the at least one chamber.

[

15.  The apparatus of claim 12, wherein the piston rod is hollow
2 and the apparatus further comprises:

3 a water droplet removal filter comprising a filter holder supporting
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| east one chanber upon the filter elenent; and a water
dropl et renoval device rod having first and second

wenas/09tke first end being connected to the dr POBUSZNGI052005
the second end being connected to the filter holder,

th t dr.opl et devi . ial .
41" oS Ong AR g s e IR Rl SEBEL VAR gt least ome
5dr i viedmisetit@bllyw reldiivigmbtien betveen thediiteetand eirovigin thevatdeast one
6{ ggb%a?n%%étég f)fc’qg?éle gll?g%g)lga}/olntn tc%%{e%clgh&%%)f s{hvgtlgg ﬁ{rqp‘t(%égr u"itﬂin the at
7hol gdagt diRidhembérdgpanaefiiterodlernéig; amt i on of the piston.

16 . The apparatus of claim 15 , wherein the ter
8dr opl et r enmovaMWater dreplet Seapah f-ie‘ﬂ%ﬁ‘?‘{ having ﬁ'tl]lﬁ % second ends, the

of | D§IG end Y)einyb%nﬁtfw&lrt%ttﬂé dfifer%nditiR deeond E{l]d B@llh connected to the

conprising a-resi I ent rrng rmunt_ed perlp era i; .
10ar ofilter halderf thetwaterdrioplet removal ¢ayicgarpd coaxiallytandishdably extending

sur f,ace .o he at.l east, gne, ch f

175 S Geit e ol islrtl, AR arR e Pl havEE e Vfigfdroplet removal

12subgeduerd, sad thaciiglly. mdving thedilep heldat withinfthecdt &asn ch2 chamber,
wherein the piston raod is.hoJl ow and the apparatus .

13 yr f‘H’e‘F‘O‘éfdh%ff g &iter ﬁola%ﬁl&mweﬁre@ em&*}g%mg 10110 the piston.
conprising a fan holder centrally and rotatably

supporting a hub about a rotational axis, the fan
lpei ng sl i dabl y6di spbeappayateswfielaitie Sawherststhe piater droplet removal

cha . i axis; at |east one fan

%l aggg{%lg#ng{l}l%fhg)%sésgﬁﬁﬁg@rdmthe hub, the hub being
rotatable to revolve the at | east one fan bl ade about
t he rotational ,axi t and .coal es

f the h t. l.| .
Lyat er dropl et §7‘andsqlga se&g"l]arlg‘tlﬁfgﬁ Cﬁﬁ%mPﬂ%}PgareSﬁ%m nng

2pr onuatd \petiphierallyo@othd thetfil@n halder @twipsthabdg oiltBimdkr surface of
col l.i si ?ns WItE each otger and with the interior

3sur Higcak Iegpt Qs Shagpber dopqrd dheat deasheneynonyappraus uater extracting valve

4dr opdr&fubsegudu dktri@ionce rod having first and second
ends, the first end being connected to the driver and

the second end being connected to the hub, the water

jdropl et renmovag deyyc E?%lu%ﬁg ?ﬁ&eﬁlﬂ% :l%' ) witdrbidal Yis g’q'oil ti1sehollow

rotatably extending t ow pIstonro
2dr i erd theapparatns fehergompisesot at i ng t hewat er dropl et
3rermval devi ce agé},

d thus ially noving the fan
hol der  wi t hi na TRl 4ropiEt tehiokalian Comprising 2 fan Hojder Cnirally and
4t herdtatablytsnppoming arhubfabbtiea fautidnal sds, the Candbeingddlidably disposed
bei ng. i nti_llepe dent oL tge rimt I on of .the piston.
5 hin the at least one chamber along the rotational axis;
6 at least one fan blade radially extending from the hub, the hub being
7  rotatable to revolve the at least one fan blade about the rotational axis of the hub to
8  collect and coalesce water droplets and to create air turbulence that promotes water
9  droplet motion and attending droplet collisions with each other and with the interior
10 surface of the at least one chamber; and
11 a water droplet removal device rod having first and second ends, the
12 first end being connected to the driver and the second end being connected to the
13 hub, the water droplet removal device rod coaxially, slidably and rotatably

14 extending through the hollow piston rod, the driver axially moving and rotating the
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19. The apparatus of claim 18, wherein the at |east

one fan bl ade conprises a radially extending series of
wobadeImsgnent s, each bl ade segnment havi ng a pPCTS2008052005

abruptly differs fromthe pitch of neighboring bl ade

egnents. for creatjng forcefuyl air.turbulenc ithin...
1 e erdsgiBl o e pod. 350 thy By o ihgdhe Fanfoldhl Within the
14.8 fagndabesneCohambesamtrotatingshe hettthe mfvgion o fiecfdn holder and of the
heral ly aro filter_  holder to wi pe water on

[ d
lfﬁ(ral Whrhsrngsleﬂffpsegg p%ﬂ%em%qoq %fafg? PBHE- chanber toward

the at | east one nonvaporous water extracting val ve
for subsequent extraction. 21. The apparatus of claim
h2, wherein anSuppekheppparatns opelaimd8; wheseinghe gideast one fan blade

1 eSelopirise d?a%li%ﬁeir;ﬁiﬁ?%&i&rbftbm% sg%né?ﬁ's‘? e2dh lﬁ%&rasgé‘xﬁent having

conprising a sPopi ng confidguratron an
Toncapisdhy that epiupt)y chfféss foeratthe pitcl f reighbenpa biade seghents, for

| ai f i sing. f
£ enr b ot & BBk b R Y SBe PR 1 ¢ ne
at | east one chanber to the apparatus controller. 23.
Th t f cl.aiml12, wh ' .. - .
harvesting devioe” cOigpPaues s 18 dgien comprivin g esfient ring
2| eqhduintedysoiipheially arolthd tHdEItdMHdRIeR b0/ &igel wabPddhé Zaner surface of

wherein the energy harvesting device conprises a ]
1 herthadt leasgprcechamiger tpiardhe akrlsast 9noRonyApOTONS WatenBktrasting valve

4 he ¢h§ ueg{%tﬁg‘ii&pnpri ses a Stirling engine. 26.

The apparatu al'm 12, wherein the energy
harvesting device conprises a thernoel ectric generator

for directly producing el ectri.c.energyproportional to

Yhe differ e_nc%lbet m’g%ppﬂét“tgé’ﬁﬁ@%l@r \é‘R‘G’FeI?‘E AR upper portion of the
ar ussimad vatdr resdivéin@ad ERAAAIEIGh Bat i6nAbMRTPOG Edmprising a
air. The apparatus of claim 12, wherein the energy

.27
har JREI$oping icoRigUSANAN andsa eoncavslyrplopiag soafiguraten.voi r
containing a working material that changes state in
response to thermal energy transferred to the working
lraterial from22he Mae\apparatisaificlaing 12;Thethepcamptismgad pressure

2‘6 ;?gﬁsﬁﬁ fo\fva ‘leﬁﬁx‘fé ﬁgﬁaﬁhereigfégmg'e IE?tp%eerslsuarle within the 3t [east one chamber
3 to the apparatus controller.

23.  The apparatus of claim 12, wherein the energy harvesting

2 device comprises a wind turbine driving an electric generator.

1 24.  The apparatus of claim 12, wherein the energy harvesting

2 device comprises a thermal engine.

1 25.  The apparatus of claim 24, wherein the thermal engine

2 comprises a Stirling engine.

1 26.  The apparatus of claim 12, wherein the energy harvesting

2 device comprises a thermoelectric generator for directly producing electric energy
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29. A latent energy and water harvesting apparatus,
conprising: a first, thermally insul ated chanber

waoemsabassig a first controll abl e vol ume and haRCTgSZ08/052005
| ongi tudi nal axis; a second, thermally insulated

chanber containin second contr ol 0 :
favimgpertipBHiar TR A e it kameripoie s A VEed air and the
§ esnemperafuré betheG@biphetivalr. axi s of the first chanber;

an external air ingestion valve for ingesting

at mospheric air containing water vapor for subsequent

pdm ssion to the f'TIﬁ:_tap?El‘itlﬁeﬁf’Elgh& harwgéin ahd éfetgy harvesting
thermal ly insulated, internal air ingestjon valve for |

admi deyioscpompsises B ShITEIB) ENSFEY URRETSHT FRRjRBINGR Working material that
At MO BREL e redpBhE b Iﬁfenfnhlre?l%rcgﬁmﬁ@ t the working material from
deconpressi on-regon”presm on mechani smfor 1ncreasrlng

4 he theharvesteeddirvol une within the first chanber to

| oner the pressure and tenperature of the humd air

within the first chanber so that included water vapor

{eaches a poi nig. of Bt appatangn of CRIFENTG ehetein clhavgrking material
state, and commences to rel ease | atent heat, the

dec FpIEsss BHHBCH®br essi on mechani sm then conti nui ng

to lower the pressure and tenperature and saturation

m xing ratio there\% conti nuing the change of state of
hat er vapor t2%honvapriens gaergsapgd watesdarvesting apparatus, comprising:
econpr essi on- ' ' ﬁﬁﬁf t§ist controllabl
%ecr easi ng theE[ ggﬁg@gﬁﬁ@g@gﬂgﬁg%@ﬁf e Pllcﬁkigt% it controllable
8 hanmodume and hadang & hengitnéimglaxes;and t enperature of the
reconpression air wthin the first chanber:. a first

Bhar el 1y neut et Uhisot Guieled shFae efirpinfhe 4 f5E0nd controlled
yal vellige a8d thagigl £ Qonghto@inal Bis fdolliearty APpBEed with respect to the
nonvago.rous water. resulting fromthe state change of

Qat ePngiydinal axis of the; fgst Br during deconpression to

gender the progessRind a4if Nng&MehIValve! BASRARRE! ¥tmospheric air

irreversible; a first thernmally insulated water

$ es eqoptining wiater ¢apRITTar ubgequentadmisgion (o th firstané second chambers;
ppar at us and . u 4 f th L

%econpr essed aalalrirsli’ﬁﬁ rﬁ‘%“? i“gg{%%?hgﬁ%rg?‘, at“?ﬁg“%é}ﬂ&%% If%ruasdmlttmg

19at ex cantollable edivnicont inpestdd atmbspheeiviairintoathé ififs tchamber;

1iher mal |y insulated, air, harvesti nggval ve for

erminating retdiFFPERYAN-E5FIMPEFSRE L Meghanisd nor e lncrsgsing the

12i 1 don@11ed Poluhde SitHiN AEDBFst cln®RE 20 tbwdrBE PRsdu¥e and temperature
i nsul ated, internal air ingestion valve for admtting

13 coMtthe hpemd airyithintheofirst ghambes sodhatosplded water vaper kgaches a

14 he 5f68Saturation, commences to change state, and commences to release latent

15  heat, the decompression-recompression mechanism then continuing to lower the
16  pressure and temperature and saturation mixing ratio thereby continuing the change
17 of state of water vapor to nonvaporous water, the decompression-recompression
18 mechanism subsequently decreasing the controlled volume with the first chamber to
19  raise the pressure and temperature of the recompression air within the first chamber;
20 a first, thermally insulated, nonvaporous water extracting valve for
21 extracting, from the first chamber, nonvaporous water resulting from the state

22 change of water within the first chamber during decompression to render the process
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chanber, the deconpression-reconpression mechani sm
i ncreasing the controlled volune within the second
wabeosher0ss o | ower the pressure and tenperat ur ePOT/UB1088/052005
hum d air within the second chanber so that included
wat er. vapor reaches a paint of . saturation, commences
2to %frﬂétﬁﬁ CIET % .@?eaaqlaea{l&r}ﬁrgﬁgégﬂq,o rel ease |atent heat,
24t het deconpr f%{im tHeﬁi‘aﬁl'[@ﬁﬁ@l&ieﬁ wvmqgmcﬁﬂfdrhaﬁporarﬂy retaining,
continuing to lower, the pressure and tenperature and . .
25 ¢ o WHBRICBR PR s B Gretsyre Ahat GUTHR ePHEDTERA gl in the
2607 fifsAbRaner VAE QonVapBRSus WatdtQRvaBed @bt RIS chafi®er;
deconpr essi on-reconpressi on nechani sm subsequent|y L
27decr easi ng t he fsgntthesmaBy ipsilated o theryesting vabgoleg terminating

cha LAl t e
287 oo RanpleSbE af ke Fe 08 ot SRS U M Corbell
29control | abl e & alecors, whetmallyt insulateds tintsheatbar ingesbien nyplve for

S AR bR GuBE S BF hATHRGR! B o
1S e RSB oSk g b oncols
32i nsvolumedvithi the:prspod Shamaes o daveralbe imRgssyis 4/ iemperalure of the
e
34s e cofwturitiom exonuancesgo ¢bangestats sideomwenegs teteleasedatent heat, the
2 SGE e RS AR AT RIS s
36t enpaiparadthre andtsaturdtiop, minirdghiatio} therehp pontiduisg thecchanget dfetate of
e LR NG MY —
38t hegReqRAlF BacreRing de $6A061%d VolahdRiithin thesedoatl @amBérrto raise

harvesting valve for term nating reconpression and
3%har theqaresre AdoRpPEaLEe OhMe TEFIRRTEHANE L SRR Fher5epnd chamber

402N GAAE We QREBAIE FELARVK BIRin R fiRRENAMer IObdiRe ithdased to lower
energy fromair harvested fromthe first and second

41chathsepressard andstemperasiraf (the hyrid) ait sdthimdesapridgiamber so that
42}Nﬁt ﬁ%ﬁ?{l \réglfe? N R g({inm SYardioR gc&‘ﬁﬂ%ﬁés}a‘ineg ?‘% RG€hses latent

i er reservolr; ‘a secon
43i nsuéaf ed, nonvapor ous water harvesting val ve for

harvesting water retainedq in t second wat er .
4reservoir; and S%ﬁ‘?mi’ﬁg : Xlglsgla{% r YVAPOTPYY WEEh PR ting,yplve for
45t he cQPRYtiAL] A0M BE sédddd dhimber, nonvaporous water resulting from the state

46  change of water within the second chamber during decompression to render the

47  process of latent energy release nearly irreversible;

48 a second, thermally insulated water reservoir for temporarily
49  retaining, within the apparatus and at the same pressure as that of the decompressed
50  air in the second chamber, the nonvaporous water extracted from the second
51 chamber;

52 a second, thermally insulated, air harvesting valve for terminating
53 recompression and harvesting recompressed air from the second chamber;

54 an energy harvesting device for harvesting thermal energy from air

55 harvested from the first and second chambers;
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i ngestion device, the first and second internal air
i ngestion val ves, the deconpressi on-reconpression
woraisaniossn the first and second nonvapor ous WRCENUS2008/052005
extracting valves, the first and second air harvesting
val ves, and the first and second water harv ing.,.
56va! ves so that ﬁ{%éﬁﬁtg@il%dp%@aé?cgmogya&%%usqutgrfﬁagﬁ%%% yalve for
57COI i &bging Wakd? rbfathed 96 EHEPiSWhteNredérvolte second chanber
and the reconpression of the first chanmber coincides,
58wi th the decohpiceadi téﬁrflbé\ilYtlﬁgl%‘@%d?ﬂﬂl_Vemﬁ*bseW?wég?f"?ﬁg’g valve
59APPRE hMHstilg Whidt oraged WK §cdnd RNatdrirbsetvaifingecond
chanbers comnprise a hollow cylinder, cl osed at each i
60end, within vl epparatug|coaEollsy orstoatelling e ansratiopgof the air
di vj -t h [ redpt o ot 4 c .
61 ch airlll‘ggsr?lg?] ge@géﬁt ?%Ie I %ng e&h\(/1 0 Itgg?rdélldb Z‘?‘ﬁ‘gﬁg e?ﬁf n@g gsvt\ho%1 h iV%lVCS , the
62 eacdiecotmprdseiontyetomgeessemcheahnised therfifsteand se¢nndpionyaperous water

and wher.ein.t he..deconpressi on- reconpr essi on hani
63 oG Yahie™r 1P St SEQ08 Al HENERIE Glvep e it 2 second
64dr i weter ABfvesting W3 soaBatae decsmsteidnethe ttret ¢hagiben coincides
and the driver faor translati the piston in )
65al t WithdhersrompErssipe Of die s,csw(ﬂ%@m r god Hipicearmprgssion of the first
66\t Alateb €oi %iﬁ% with PG ot dsSio QPRI SbdicHatdbeV t hi n
the second chanber and then reconpressing air wthin

the first chanber while deconpressing air within the
second chan‘oeg0

1 The apparatus of claim 29, wherein the first and second
2 chambers comprise a hollow cylinder, closed at each end, within which is slidably
3  disposed a piston that divides the cylinder into the first and second chambers, a
4  controllable volume being defined within each chamber between each closed end and
5  the piston, and wherein the decompression-recompression mechanism comprises the
6 first and second chambers, the piston, a driver and a piston rod connected between
7  the piston and the driver for translating the piston in alternately opposite directions
8  to decompress air within the first chamber while compressing air within the second
9  chamber and then recompressing air within the first chamber while decompressing
10 air within the second chamber.
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