Singl e Cycl e Apparatus For Condensing Water From
Ambi ent Air FIELD OF THE | NVENTI ON The present
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for condensing water from anbient air and collecting
the water for use. The apparatus in at |east one form
provi des a nmeans for generating potable water for
consunption or other purposes and finds particul ar
application in areas where potable water supplies are
limted. The invention also lelates to a nethod and
apparatus for providing heating and/ or cooling during

a_wor @rf&{lﬁl Gy AbBRrARPRECESRe NiPofArhblent Air
| NVENTI In many | ocations around the world access to

r r supply is Iimted, forcing many
?%éUigﬁVﬁ%%ﬁQY€m¥@%€ryday needs that woul d not
general ly be deened suitable for such use. I|ndeed,
e preseat isvens opploady redates teomether and npriradys forslondmmeins #pter from
| Db RhAE bk ?olﬁgttn%lﬂl@wﬁtgr HSRe I TR 4 ﬁ?ﬂfnﬁﬁs 15 af 18dsY mnelf&rd povides a

necessary water to be or treated 1'n
gepes for mwampotam water fereprssmpting of pibprougwpesnd fedspargar

Vé@ﬁh%duo%tip %rs%e%&rdzéw ot QNp%E&mé fmited, @hd B0ROE BSSRIIEs to a
restrict daily usage of the avail abl e mat?ﬁyg f&m

aree@@éencr PPRARE rprwe&wrm%ﬁamg.a@dgorﬁpﬁl&g dpringa wap

hgbargusunavai l able. Simlarly, mning conpanies, road

and raiI repair gangs a$ well as for instance mlitary
\ﬂgq§ ocations, and island

resor q@ﬁg\%ﬁ@albﬁreedl (I;ir fresh water. \Water, of

course has t housands of uses :Bin addition to be

R aGRY ertions Aeundahewor|dragcessig @ fregigotable yrates SUPPLvE hpﬂegd forcing

ahfly tSRe ek o hadrydagd hedas &@tﬁﬁﬁﬁﬁmﬁgﬁﬁ%ﬁi bedeBREGsuithile for such
areas or locations where the, su

ot Ipdagh T it B RSP A PR AL B P%f@m%‘rr able to use

ShpPiitrasteBf it {shRsddsatpdot the Wil fo@e Boilor R&tetidn sdng other way.
replenished by rainwater, rainfall can be variable and

I\{’fl’ﬂ:f ‘lfh% %ﬁtshlpgpr#rg/qr{c%r own \Da‘?erglgaﬂlesq{upké AURRHL 5['1@(9’{6(1 rn@t,%gkary to

ations on regu basTs can
astrinh déilyars RO MRV EIRDIT MEte] qumtq freshy weter pPliss ﬁ@éft than
q‘@unfan %mﬂé £o6 MableD \S?rﬂﬂdr@nrmkﬁg bSmpadieR, rod 1€ %lﬂcﬂ!@tg@@é’. as well as
for condensing water fifomanbient air, the meth
demipitanse mifitary units operating in remote locations, and 1sland TesOorts dll have a need for

fresh water.

Water, of course, has thousands of uses in addition to being required to sustain life. Such uses
include washing and use in industrial processes amongst others. In areas or locations where
the supply of water is limited, it is desirable to have access to regular supplies of fresh water.
While supplies can be replenished by rainwater, rainfall can be variable and insufficient.
Moreover, the cost of transporting fresh water to remote locations on a regular basis can be

expensive.
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providing at |east one condensation surface for
contact with the anbient air; heating a solution of a

wo edosiogeasant and a fluid, to drive gaseous refPCaUa005/001027

fromthe solution; cooling the gaseous refrigerant to
condense the gaseous refrigerant into liquid
refrigerant, and collecting the liquid refrigerant;
evaporating refrigerant fromthe liquid refrigerant .
such that heat is -exchanged getmeen the refrigerant

and the condensation surface “which is thereby cool ed
EYMMARK QR THEINEENERN0i nt of the water in the

anbi ent air; and contacting the cool ed condensati on ,
S firsiBpast dfithe &sediiicatitin thdré istpeovefed e akthodfod eondladsingwagd from
maﬁer fr&nwtge anbie&t,air ont.o the condensation
anpEtal, e pghed CONRIFNE 2t i ng the sol ution preferably
conpri ses solar energy. The hearing step preferably
conprirgddinglitiepstong gprgpnsetitarsyiface frygenteqt with e apbiept a5t
heati ng the solution may conprise heat from any

Sui t alh@npSQUNREE: ofaGEfrigXaTRhEa fliiRgo bealdatgusShRiged®)rom the

. caonprise discharge heat froma condenser of a

FfY¥Nger ation or air conditioning unit. The step of
heating the refrigerant and fluid solutionis
pr ef evalilgthegnsequs rafEgtranhtorcenisondes meronemiserantinte lighid
8 aek il ah DGR e AaGiqllatislogrut i On and_pressure within
a'c%ntalner conFalnlng th%t solution. The step of
heating the refrigerant and, fluid sol uti 1S
pr of VARG ErEY I LA ISR SR et hoab R Srobpes pegveen
iaeftigerpe had the eondénshthvd studet Wb datheréydtodlbdiiopordelowt the dew
and the pressure within the container, the
88%%@2?%‘2@?6’”1%?’“%%% Bdih solution is less than or
equal to about 39.5% by weight. Typically, the method
f ur t heentagingsie coeled pestdenisaiangiare wite fire agdiealair 1o oHigs peandersation
foF QL i Ihk SibiEntaRohlodf @Rbentioh RGebd Ui d far repeating
heati1 ng and evaporation steps, A heating and
correspondi ng evaporation step is typically described

er sQns. skil | i he.r I '
e 05 A s ol bR SN euBbhenfl? 18 AR B,
predarai pecsnpess dged selimenerghodewavhe teeep i heatitigdhe: soltitien may

h%&&,%m@ ik §hG %gywm&y Eduher F 518 G 1AG AP nAVRYmMAERY
ea g

gener ated” on contact of the returned reffigerant
viseligraethieat fiomy sorondsnpar shtelrigewtion oF aiFfcondifianingpumit. The step of
?E&ftﬁl% BREARLe Y AROTAL &fhboh A PrdrligLIl h%ﬁcdiﬁ {ecrslbcg@é RmglcRature of
e Tlui uid ma

) . The heat drawn away fromthe fl uj )
the refrigerant and flvid solution and pressure within a container containing thal solution. The

step of heating the refrigerant and fluid solution is preferably at least partially reduced if,
according to the temperature of the refrigerant and fluid solution and the prassure within the
container, the concentration of ammonia in solution is less than or equal to about 39.5% by
weight.

Typically, the method further comprises returning the refrigerant evaporated from the liquid
refrigerant to the flnid for repeating heating and evaporation steps. A heating and
comresponding evaporation step is typically described by persons skilled in the relevant art as
a heating and evaporation work cycle. This terminology will therefore be nsed throughout the
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be dissipated into the atnosphere, or used for heating
or ot her purposes. For exanple, the heat may be used

wW@sgooanodaser gy i nput for processes or equi pnentPCITAB2005/001027

step of returning evaporated refrigerant to the
refrigerant and fluid solution preferably further
conprises the step of controlling the flow rate of
gaseous refrigerant to the refrigerant and fluid

.solution. By controlling thl§ flowate the rate of

evaporation of refrigerant controll ed. The rate of
seseificriions Thamebesorpfemply GEparrompasesiSEiRgramay epder gifgaied on

bhrtdcHofSAd MhinRA rdifpeRdnd Rtk e kRl th BbrdoR rbiBAIR hmhsrq%g&hm
generati on of gaseous ref rlggrant upon heating o

P@Wﬁa@é.frgmm%wwmgamw theflyid: Tynbeakdragn gyay tom the il may

‘B@Hﬁsi’&ﬁdd‘ i tﬂefhancﬁsbw af Bedfor PAGROUSHHEE burp@ey. ant examiplehte
refrigerant and flujd qutlon $refera l'y conprises
i Y By SV ARETEY 1P HFOSRBBTIAENBR NG anbi ent ai r
with the tenperature of anbient air followng its
Foniteee! reitnimgteheponrd derigawit orthswfigpat andifaiddeipoi pieferghly

h | . i
el TR o delcP e EAGE 2 b IR B ORI IR R tigeran
anbilgd soletion. Bmcm%@g@éh@@wstamcam sigvhprsasion piwsrigempiys
anu%ﬁéﬁs ' 'ﬂ\g rﬁ@gf @QW?&S@%Q%E&ﬁ@E%@%&%%@&@ Bl solution is

onprise the steps of neasuring correspond |ng
taléwg«@wat!mte@erebm éo%lpb&fn%fﬁn% B?Sﬁamtrﬁegf‘gﬂa%m& eating of the
héthiEdre hd Wuid SoleRhl ect liquid refrigerant preferably

conprises the step of distilling gas conprising
%ﬁg SGtg]:g?sf c%e tt*Jl fl {;lbl{wr%n ?f g‘oug Ye;ﬂ?g%léag{ ttg ghc rErggérIiﬁ?nJ hdﬂl gcmtlon

qbreémhigcdxqmsesfthmmdﬁ QONyREINg thh dewpogsp obthe elm@wn Aty Witk she

é‘TI 1 era}(ﬁﬂg o@at%%lé?ﬁ ﬁ%ﬁ)ﬂ@\p ln%xt&&&%;%ﬂ éuﬂ'ﬁthés &%8%{3%@{1 glﬁrfacrh The dewpoint
obthe embwmweﬁmferab\y deigrmiinefebsonsingdhe teliReTdyirs eloviyeh water

61 deh B8 FBRhe alibeentBE AP0 EanibiRa dnlsilacBS PRGRepObt defifng and

present 1 nvention preferably also conprises the step
@f»mwingmnew@mmﬁm%m%@céfﬁrwfmésﬂ%%@%wq% |
thdeamfes. | N @ second aspect of the present invention
there is a nmethod for heating conprising: heating a

b LB LR BB 4 Sk iy o

Gissepuet diselling s@wamn singehseobratirighranigad powyappaferdifyer thnfluid.
%ﬁ%&g% ?rmﬂ; Qsd ao%hges B fslb 3EAng hER fofohd 6 THRb B

drawxng heat from the gas preferably comprises the step of directing the ambient air which

“has contacted the cooled condensation surface to ¢ool the gaseous refri gerant.

The method of the first aspect of the present invention preferably also comprises the step of

collecting water condensed onto the condensation surface.
In a second aspect of the present invention there is a method for heating comprising:

- heating a solution of a refrigerant and a fluid, to drive gaseous refrigerant from the

solution;
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evaporating refrigerant fromthe liquid refrigerant
and returning the refrigerant evaporated fromthe

wo papaioes18ef ri gerant to the fluid to produce heBCT/AP2005/001027

contact of the refrigerant with the fluid; and

utilising the heat for heatings The nmethod of the

second aspect of the present invention preferably
further conprises the step of drawi ng heat generated

by the contact of the refrigerant with the fluid away
fromthe fluid to pronote refurn of further evapor ated
r ef r icgiing1ite gasepes reivigerkitigih, thipthefzeseais rofrigerp cppggases into liquid

PRIEHR R AR AALERR S o hpparatus Tor

collecting water from anhient air. The apparatus nay,
for &xamRpsias et fa%ﬁlﬁngﬂ‘aé SRS ARE AN LHWTE e %’E‘ﬁ?f n.
éﬁp@}mgm%m t@s‘i@@s@téeffa ferii & 1}% Bse 0l prodiventit qmn hm:;cggﬂ thse
provi ded a npthod . for cooling conprising: providing at
F35§Fnﬁﬁg”%gﬁwgﬁﬂdsurface for contact with ambient

air; heating a solution of a refrigerant and a fluid,

t o “dnitiligngthe bowfor hesfing:gerant from t he sol uti on;

cooling the gaseous refrigerant to condense the
@ﬁeisrlﬁah&i_ df %i‘erslﬁﬁﬁfl adpber l:jnflih@ debeitiinentied pre@RBBIThrheAREnprises the
collecting the |iq refrigerant., evapqrat i

S O e BEORENRY 17 ERIFT ST CRP SEFAN O QT Ry o he
f15id @xsrbmog edurh of fvaRd et dperarcdfsttigesnnio datinithe cool i ng

-surface which is thereby cool ed; contacting the

A I | . . ant Wi ; ¢ utilised to
gx%gﬁrflé)ﬁ?mg:ﬂ%{t @%ﬁg‘%gy} ﬁ%&?g@é&% &r@tre ﬁ%e& b Qitk 2R udR@1 be utilised ¢

; ‘ e cool ed anpbient air faor
dries! an apparafyrdoTRetiEREES Whtex fran embipH alfs DRAAPPHRTS HAY: i S¥Xastnle, be

&Eéﬁ&%ﬁgaﬁﬂgﬁ&@ﬁﬁbﬁ%ﬁggnprises the step of returning
t evaporated refrigerant to the fluid.In a fourth

S’E‘B'Ei?‘ii‘ﬁ%g“ }’E‘S"' 5%%3@%&?4@ n%egs?pq?\%i%mragm itfllsoélﬁ%r%é%ﬂ?n%q?lﬁ@ising?

appar at us conprising:.heatin% means for heating a
sol utproviding atdeastaie pepling pfaghigr eonraciwigh ambiengairy e
evaporation of the refrigerant fromthe solution to

pr odueeidaseRksy sefkigataaid 2 00/ BgveRaDE: feRigerandio e
the gaseous refrigerant such that the gaseous

FAdftiMger ant

cooling the gaseons refrigerant to condense the gaseous refrigerant into liquid

refrgerant, and collecting the liquid refrigerant;

evaporating refrigerant from the liquid refrigerant such that heat is exchanged between

the refrigerant and the cooling surface which is thereby cooled;
contacting the cooling surface with the ambient air to cool the ambient air; and
nsing the cooled ambient air for cooling,.

The method of the third aspect of the present invention preferably comprises the step

of returning the evaporated refrigerant to the fluid.
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condenses into liquid refrigerant; and an evaporat or
havi ng at | east one condensation surface for contact

Wwowaok/004183 anbi ent air and being arranged for cedT/802008/g01027

the liquid refrigerant, and subsequent evaporation of
gaseous refrigerant fromthe liquid refrigerant;

wherein the condensation surface is arranged for being
cooled to, or below, the dew point of the water in the
anbi ent air by heat exchange sbetween the refrigerant

L fa e u viapor a
e e Bt Do P T S EP P B IR B AR Yot wate

éMmMmgalcdmdgmmammpnﬁngNat er fromthe anbient air

‘onto the condensation surface. Preferably, the heating

MeansheG@iPhdaASHr RealRR4 sohRioh 8E4 RfrigkAh £0k ERL eoragwb ration
The heat collector 1S preferably arranged to collec

Sbihg pefageanpiiom theaoltien to prdpespisbus Tefrige@tler abl v

arranged to directly transfer collected sol ar energy

t 0 t heoligfméangr entingthe ghseotisdefsgdrant ke thaHhwessesus réffigerant
e@rranged for collecting heat

??‘g“?ﬁ“ﬁ%‘ 0331[‘% fﬁgéégghaﬁge i ncl udi ng heat di scharged

froma condensor of a refrigeration or air . o

condi 4% YRR BAYIRE #H@S%P@&ﬁ@\%@\smrﬁrfw 9T épist yith the gmbient air

GAIRYe@8nRd hea&xzeex@m@gfﬁd @rrrgaraaeghdtsebsuj@ﬂ:sefvg;r rzlare%f

fromthe heat co]lector t he re ri gerant fluid
SOTERHE ngraﬂ’réoﬁé%ﬂt Lionidpfsigerant: WhsgsBr abl y conpri ses a
nmetal jacket in fluid conmunication with the heat
col | ebt gmderFition cofiave i apatgen forbkiog cbolesl tp rnebaem\a,bhcydew point of

' I Lr
iRl B i i U7k DG ISR 00 Y ELELAN o FLCARAE
@efawemmemomm ofcles 4eetgtr@rlt feomothiy Bawid wefridarenty e:rd merrebtylvé”ectmg
COTBRARN dna WaG: frbH 'tl@ b REEARAYRe E’on@ér@%‘h %Hﬂcé‘ ed

terrperature The heating rreans is prefera arranged

&, troI heati ng of the [ nt an

B e E BT ampt & Rt POt ge biae hirt s Thsdesing

aolttctbt iy Ipﬂ:fcsﬂiﬁtﬁrraﬁghdaﬂ douwesmrernergw The Htata:oﬂwtﬁr&id [R€Erably
t hat .so

Sl b Rl Qs Roten ey b BhaPRc Wi i gotution.

ﬁlkarbvenghedfeattobbect@ﬁrray be mmmgecatbdcoﬁlbcmng he&o frtniagpsuithble source

ﬁ%ﬁﬁi&g bl dltS(.%al;%E frér%mgnc%ns%g ce:f aTe n%eerfa{]oen;c{rtaﬂ n%rho n (ljmlt_

e pressure contarner,
t he condensatlon of anmonia in solution is |ess than
dhe keging meaps BIBBLPLY GO 59 BFCHibhghtxclmngr arrglsed o trapger heat from

ROkt BEl1BBRIRISCOMRELHAS] Auib8atd Mke AAF e)@h;ﬁ@érrp@éférmy
heat. from the u?ﬁlé&fs refrigerant to effect th

ERTRIBHEIE T Y SOTRBBTICT P D (e P o ierEr (e Epguicating

fieid dsSpreferably mineral oil. The heating means is preferably arranged to at least partially
restrict the communicating fluid between the heat collector and heat exchanger if the

communicating fluid rises above a predetermined temperature.

The heating means is preferably arranged to control heating of the refrigerant and fluid
solution in response to temperature of the refrigerant and fluid solution and pressure within a
container containing that solution. The heating means is preferably arranged to at least

partially reduce heating of the refrigerant and fluid solution if, according to the temperature of
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distillation nmeans is preferably arranged to condense
gas evaporated fromthe fluid. The distillation nmeans
preferably conprises a riser conduit. The distillation
nmeans .preferably also conprises cooling fins. The
cooling nmeans preferably al so conprises heat absorbing
means arranged to absorb heaf fromthe gaseous )

e frafiigreanamtd. fluldhsel ok emandalyspedsim o itrisdbesconiaingr; i eprglppspiion of
arranged a i LStdidkation by the
resal 'nastoFugon 112 Sl Iharpﬁ%éua]flq gJaz{bBW 399 F%fé%ys\pél éhlt.

I on nmeans. absor bi'ng neans

referably conprises a waterjacket. The apparatuys for
Brsfaris ihsgoakias arear compith BeRE sials for ﬁ%mmg\gqah%m the gaséous

rh %%?Q ekiBer HHe RV BRI GNHF 1 das@UEFelihRNC ARESREAE mods
surface. The apparatus f condensi n

r N ter from -
BRYTOAN COMPR<b AR b5 S Le A TG e pamprisne
fg@s%oxfé TE RSk AE gaBEvaporhtEDfina i fRiMds. The dipiliefi@r mdahyis preferably

conprjses refrigerant vapouyr e n

etarHorgr e erarane BR8P fathor AFERRE by preterbly
esapiEad tier dooditih &he ditillagen metnsarederiilyiiled aopiptites opnling fias.
refrigerant vapour return neans preferably conprises a

%% Loofthie fnBfs @g@%fﬁaﬁs%oﬁﬁﬁseg ﬁéat'ﬁlﬁo:@]{nﬁh{é@nsﬁ%&%@ﬂlﬁ) absorb heat

refrigerant to the refrigerant and fluid solutiaqn. Thg
fefrrthayeaseniis rofrigswsnt ThePest APSARHEIOGIRER BIERRPY ATERESF i GRpsorD heat
& foied @ktion BR S diskili At hitks, TPBhERhbsBiBRA Snch@rpreferably
controlling the flow rate of refrigerant vapour. The
cePPsged UHET W &Four flow rate control neans is

preferably arranged to control the flow rate .of

ITRE Bppgera fir coralosing vioyer Gompantiiangait grefieshhioirrangagito tigw ambient

anbi ent aif wi. ; 18, PRIRA arfliidne ai
faglDI"%rvrt:}a‘en%ﬂ‘lgef1 %&I(B:%Sﬁl act H&Qgﬁhﬁdg f%oc% dghgg% ‘on surface.
Phrageratdy cargreisanfanyvapour flow rale control neans is

preferably arranged to determ ne the dewpoi nt by

PR ShpakaR (drREnde RPN Adr o AiibiaMd hie PreRRibBlcompn@e iiegrant vapour

fromthe anmbient ajr onto the condﬁgs%tlon Syrgﬁﬁ%&ﬁicmnt '

THE PP (e HRnSFEEgAN YBPRYF BY2PRENALY (NE CBPRTET Spis/ e

@L&gma rscﬁlatﬂﬁ,eg’hé RfTFeAsiMagor heurh engaey madfemisdy ofmirises a port of the
ient air

T b OB ERTLEL Pl D g cotion. T
devipainm tvapblieremed méageprefetablyapoprises etfigerantreamyg flow rate control
Bl L2 PR 5o ekl o
sohirtl nems idjrefemply aratad tofoontre dredtamaiis gl wEkasTent YageRr by
%%ipaenrhtg B\ chB&ﬁf SRR SOwPHP f&r@%ﬁtuﬁ%%c%ﬁﬁ%bﬁf following
its contact with the condensation surface. The refrigerant vapour flow rate control means is
preferably arranged to determine the dewpoint by measuring the temperature at which water
condenses from the ambient air onto the condensation surface. The refrigerant vapour control
means is preferably also arranged to measure the temperature of the ambient air following its

contact with the condensarion surface to compare it with the dewpoint.
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refrigerant vapour return nmeans. The heat absorber
means is preferably also arranged to store heat to
heat the refrigerant and fluid solution. The heat
absorber neans.is preferably arranged to heat the
refrigerant and fluid solution using the stored heat
a,{:ﬁ:r s of reduced availability of solar _energy. The
SLHEIHH B@P”h’é%‘iﬂ’sm‘?fﬂ%?réﬁe%]y)ﬁlse6H’BP‘FS§%% diffuser for F‘@@“Smg

diefrigefahtng@parihiiemnt redrgerabioma fidiatsbRrsef ri gerant and fluid

soI ution, the heat collector or heat exchanger The

i hve ﬁ?atré{és il cot CE?’%E &5{2 thoé%ns ‘F%@ tt]‘)'V\%bﬁye SMPBE%S P absorber -

" nresens foa nlpsarbgﬁedheat(ﬁromahd leﬁtgcmmiaad ﬂcﬂrsoﬂemﬁdllmmt@thb l“aﬂlm of
' : nvg@ﬁ&%b@ﬂ ot Jeﬁfg@rant aﬂ% ﬂtél]zl s&{zp Ona\ﬁip tﬁ 4& }(}dg I récfum means.

ntiron"thereTs par a
Brepeitsbyveher inews ;smgefmlémlscf zmangweiao Btog haatsmqat the wfr@‘eraat and
rfﬁfnﬁ é&hﬁ{oﬁnﬁ"hﬁ{égt a@so&ﬂeyhlgans'is(br%ﬂaylg gﬁ%‘%ﬁ? [oHeltQRk O gL BS and

refrigerant fromt g aseous
riBfg $Cg‘é¥°aﬁimg e HrEhbeahE dings ploe l@@bwaﬂrﬁnl ihef ks ewiay.
refrigerant such that the gaseous refrigerant
COrdenskwrtienmeant pglsrailyrcefptige mants foralireaing pMbRAGEr toward the

| lec frigerant,
%%'?Qg%%n ‘33 g%%?ogt tiLe(':)%‘%t ‘fotﬁa%%reog H%‘Q F’é"ﬁ?ﬁgﬁ’gr ant f romthe
[ iqui d refrigerant, and return of the gaseous
rEeRPRE AL the dourihasgepiaf the Prosent ifention @re?@miy Yea eprmprises water

GRN&%idH mBhs Qﬁ@%ﬁ@tﬁ cBIRRE AALr ot defiselt fa@mftﬁe%ﬁaen@angn heate.
draw ng neans for drawi ng heat fromthe fluid

R LR T e N R

icompritinon there is provided an apparatus for cool i ng

conprising:heating means for heating a solution of a

refri Qﬁﬁlﬁghe'ﬁ:@ Gbr e 1l‘1k'b. golut_glﬂ offh | fc\fﬁg ENARRLGIO D dive ERGoration

r ef r| erant fromt uce gaseous

refE Rt fromdhs ﬂ%m?ﬁea%dmps e&eﬂexan@ t he gaseous
ref r| gerant such that the gaseous refrigerant
condens#iag ngdne fdricepling the@hdeb@atimigirant3nchan:a fIoadeOis refrigerant

h | f f tact with
gﬁ%ﬁle %t‘img?érlquéqiafn%grgmcoo ing sur ace for contac Wi

an evaporator arranged for collecting the lignid refrigerant, subsequent evaporation of
gaseous refrigerant from the liquid refrigerant, and retum of the gaseous refrigerant to the

fluid, the gaseous refrigerant generating heat on contact with the fluid; and

heat drawing means for drawing heat from the fluid following contact of the gaseous

refrigerant with the fluid for heating.

In a sixth aspect of the present invention there is provided an apparatus for cooling

comnprising:



bei ng arranged for collecting the liquid refrigerant
and subsequent evaporation of refrigerant fromthe
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for being cool ed by heat exchange between the

refrigerant and th& condensation surface upon

evaporation of the refrigerant fromthe liquid

refrigerant.; and directing neans for directi ng the

ambient air into contact with the cool ed cool i ng

surface for cooling. Condensi®ng water from anbient air

Pr oVi gaenBmMaY fod heafiippioniien bf :{h@frfgaﬂsmma fistdotoetiveveMaparation
plies 1n_renpt extreme A rasv\,herefresh

\ﬁﬁﬁ’éf"*fi‘%‘”%gP’@éhedf““g Wéqéwesgéswﬁar\?alg“a% e, and may

reduce reliance.on, or the need for, water to be '

t r anspmiitestedns fgaoding Geanicorseligimitsugh that thegascausrpfripegant

necessar akd ter supplies such as on a ship or

(s ] Dlthuéfﬁ\?%)gxmwa condensi ng water from anbi ent

air provides an alternative sou f water duri

t r avepn aiderraler kv e Rklerskang cpgling é‘ﬂg% g’(‘i CHEAhIiR %’ab%ﬁ air and

HeRb GHanded 2br-colldttnede ifYd Rei@gnadhl eitkauenrdgossomalireiigerant

f h
e sl R B

Fbkﬂ!éhgiﬂ&t»ﬁ&ﬁﬂm eﬁﬁgam iy thescondentation quitac vponafaporadonelttiesy
lpl ? tlh By SQUrce . %dmter in areas where there
i ETGANAORE SRR of the exi stlng vvater

supplies or the avail able water i s known t

pol | utiserting mews forsiTeraing dhe ambioptairdaia SPREHCE &ﬂt’h B’F Seqldcapling

f QFradeNG dobfisgnded purpose -of the water. Rather than

wasting the heat or cooled air generated duri ng t he

t f {
ERrerra et AR HoAFad o B afblegtich PR R EFERY vaer
Sduiﬂpl&s al xemete headmemg loosticoowhdrmiyeshovater & Ssarmﬁr@ﬁﬁmiseomh\@rlablc,
oarn% ge fice rglg}%nc §£a%H§o: @%&% il Ezgx}sé(urteg Q| RERLS.

|nven|onrra lcation in a
rfﬁjniﬂaﬂy, ohepitdetdeeairy oi qaumvla@h%lpﬂiiﬁé SEF as OF eghiprdoat during &

&?%ééo%ﬁé«sﬂg waldf %%ﬁﬁthxtnt aﬁrg)\‘ it (itck A1 dative B EREBE water during

r apparent romt W ng descrijptiop  of }h ‘
pﬁr@ﬁfeemrl eeialionts dags Telipncs tod® Plaved prsihvatsn Jadied. B being able to

t d?nﬁ@@m&@ﬁt &@d?%rﬂécﬁ%&té}gﬁa tBE?écﬁEed In addison,

&%@Q‘%&aﬂﬁ 1 GE%?% Fi gure ayj fo‘F ewdo
asPnAAE Melgs e %éf%@é%ﬂom CE‘E?H]%?F&P psuglty Rf i wdter and <o

pﬁr@ﬁ@@ﬁ sdufbé 8N hiein ks WIRRABAS isiguiwat erthd qualityaitbie exibting water
Supphﬁb or the available water is known to be polluted or contaminated, or is otherwise not

suitable for the intended purpose of the water.

Rather than wasting the heat or cooled air generated during the operation of an apparatus
encompassed by the present invention, the heat or cooled air can be utilised as stand alone
heating or cooling, or to supplement other heating or cooling systems. Accordingly,

embodiments of the present invention may find application in a number of practical situations.



Figure 2 is a side view of the apparatus of Fig. 1;
Figure 3 is a schematic view of the apparatus of Fig.

wa2006i00f1BE 4 is a view of the evaporator of theCT/AU2005/001027
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apparatus of Fig. 1; Figure 5is a partial

| ongi t udi nal cross-sectional view of the condenser of

the apparatus of Fig. 1; Figure 6 is a cross-sectional

vi ew taken through B-B of the condenser of Fig. 5;

Figure 7 is a schematic view of a control system of

the apparatus of Fig. 1, Figures 8 ﬁlnd 9 are schen%ti C
Pihadeainses aadevoptages obhe grewaEhventicioki Rgromp dther gppagepifrom the
GBRAiAL dSorQliofbiChe drefefrbOiiRdiknt 6f 1Be prefanidntiol iogMhe@fwith the
an apparat us enbodi ed by the present invention.
FCEARAIRY g drai@es 2 are schematic views of further

enbodi nents of the present invention. Figure 13 is a
SBRIBFEDESCRIRTIONIOR THERIGURES enbodi nent of the

present invention; Figure 14 is a schematic view of a
Vﬁgﬁl 164 H5D VRS %ﬂ@fara{ugﬁq RRQGH nc@in WikiO#E Brededi invention
and Fi gure 159 a schermatic view of yet another
dirbesdilanaing weter frora aBPSAleHt | nventi on. DETAI LED

DESCRI PTI ON OF THE [ | NVENTI ON PREFERRED EMBCODI MENT
Heighre@asesiad wely bythaappatams ofigdenser apparatus of an
enbodi nent of the present invention such as those

gfr(i?@gglli%a ShoGd QSRS dtnd? eip?a?mtusl&ﬁg_ 15 may be utilised to

apparatus such as'that shown in Figs. 1-9. The

apparatus 2 of Fig. 1 comprises an..evaporator 4

cﬁ‘ﬂi‘r&i%ﬂ? ?'ltﬁ‘c'f"%-hﬁﬁ?agﬂlém( DHPPLY ?fifg%?ant for cooling

t he evaporator to, or below, the dew point of water in

aFiginerstis apartidl langitwdin= brossesgtiiond eiewed recandsnser of thegpparatus of
ii efly stated, the.cooling of the evaporator is

achi éved by passing a system gas such as ammoni a t hat

is substantially inert with respect to the refrigerant

| FiBRes 10 GO RE I H B U I B YT e

partial pressure of gaseous refrigerant in the

hRiaasTde e saadattchdevebia waims estefunf theapparafy ¢fdég- dnt to

evaporate fromthe liquid refrigerant. The resulting.

ORRRQYE aflll Bk bheifdid Pign NRRAS RAGEIGABR fdasliNGsykiBR of 18 hegitatus

gas_and the gaseous refrigerant passes fromthe

edpblat or and the gas and the refrigerant are

separated. The separated gaseous refrigerant is

CPipienidad; scaamatchiewgasm appeiraon auiberialdy thequésent invention.

refrigerant are

Figures 11 and 12 are schematic views of further embodiments of the present invention.
Figure 13 is a schematic view of yet another embodiment of the present invention;

Figure 14 is a schematic view of a water return system of the embodiment of Figure 13; and

Fignre 15 is a schematic view of yet another embodiment of the present invention.
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recircul ated back to the evaporator 4 in a continuous
cycle. As shown nore clearly in Fig. 2, the gaseous

wOorRoob/ea33 rom t he evaporator passes to a condePGEAUS05/001027

due to a pressure differential between the evaporator
and the condenser. The separation of the gas fromthe
refrigerant vapour occurs in the condenser and is

achi eved by contacting the gas within the gaseous
mxture with a liquid absorbent fed into the

condenser. The gas iS absorbed ui absorben

P TAGR BB BESGRIPTEN OF HE BHYBbTIONBHEFFBRES GURCHTET

a separation reservoir for separation of the gas from
Hae geidratkd lgna \pz{tér&bndc@set mme;ts oif am eﬂfbomiment@amcqamsmn ivention

evapor.at or rb. d m

SRR IR P Bl LR £8P 2 v e DOLRL Bk B sucn o
thadshowh doFigy 1t%he nunerals 8 and 10 to the condenser

for further separation of gas fromthe gaseous m xture

it ?ﬂp’aﬁglstzt&?fﬁopgﬁ%%s ah Epdébltalbgci @M@a@xﬁﬁﬁ%&ButarM{R@OOa) refrigerant

partlcu ar | y, as shown i n he evaporator
denepelingdis erapnignthgr hIIowaks fh‘-gf RRIt merémm@}t aﬁﬁlowéﬁough

e evibobddtiflu@O BB GAdd, e cidiinh oﬁth@ ANSRACE ackfeved b ﬂ@mng a
evapor at or through a pl ural Iaw [gaced apart _tubul.a
YR E3S LI A OB S SO TV AP Dl rperans o o
Ihsmﬁau& anke dvapdrbtge IThtitlowdds X Al pf‘e@dnret digadsemdsigaent Ibthe

t
Hraiee A ARPR b SIS bt YD el Sy Mol s e
pPesplEsg pasens dréxtare patht h@ylsp%xo:rcoammxemme syistemtgas frddle gaseons

OERAG LR RYPROL ALK DU inc SO e SLHEHOPER

ers eac fin

@qmmmww’@mmmwnﬂwcdh anddlsnghe wsi@pn@nseéthvﬁtr@ﬁgerant are
fréo%l%tg@bs@mtﬁgév 86rgt0rtﬂ?1€4cgg gialQk. and thereby the

i ns are arran angl @ relative to

horizontal such that the condense? ter runs off the
fAsrRovahRoP Slepdy 1 E 2 $ASFIUH BOLHTF FroR dhe sy ARral SRTiES 1 4
Restehdes thiao @‘gﬁ@@ﬂf@dﬂérerﬂﬁﬂb&\b@n GRRUGOSEE and¥Bt dhdenser. The
dlrects{} ter to_an outflow s

SEGEE PR T B Bl R P Bt gl ggtieved by
%Gutaduﬂg tHeigss Wittdih B @eseanEiLA: vt liguisl abukiiehiefd by theigindenser.

R P S5t A e ROl Pl Uk e
tchwglenspaiporsapasation 'ﬂaewnfm priparatiersof Jeeseeiony theselpbenghior tehe
t?r%%f gh% ghsntg Phe eoﬁ) cﬁdﬁﬁﬁﬁnd’%@&ﬁemk kg%‘ %@ﬁoﬂ%lﬁ@olution is -

riger nt vapo evapor at
memlatydi biga mur@pﬁy@rematw@lemmated Wéheapmergls 8and Hito the condenser

O R se%%?nérwf%aé 1?&1 he E&Qg%a@%%xﬁmﬁﬁﬁngm@c&asﬁsmbm the

pressure o e“refri gefant
evaporator.

More particularly, as shown in Fig.‘ 3, the evaporator 4 comprises a housing 12 having a lower
chamber 14 which is in fluid communi.c'ation with a headspace 16 of the evaporator through a
plurality of spaced apart tubular pipes 18. The evaporator 4 is filled with liquid iso-butane
refrigerant 28 except for the headspace 16 of the evaporator. Several rows of pipes 18 are
pravided across the evaporator. Spaces 20 between the pipes ﬁrovide a pathway for ambient
air to flow through the evaporator over cooling fing 22, The upper side 22a and under



vapour to decrease. This causes further refrigerant to
evaporate fromthe liquid refrigerant in the

We@rapooHasdr. As a result, heat is drawn into tPET/AU2Ne54601027
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refrigerant fromthe cooling the fins 22 which in turn

cools anbient air flowi ng over the fins. An outlet 34

is provided in the headspace 16 of the evaporator

t hrough whi ch the gaseous m xture flows to the '

condenser 6 through a feed pipe 36. The feed pipe 36

opens into an upper region 38 of the condenser through

aﬁe ml o tach Bin mpewmo neminmmon@urf@espf@r the gorrprspiinn afjvaisr é{om the -
in botto 0 [ 0

PapEr B Tt PP S e e Pp i SRREELE s gk Ate

Bdﬁnzamﬁlcduclt uhmnhdl@nmmmM ra diff dfiedwo iidallnmorilepirgayriaca of a

ni t A aRoflow

Fhieas fautedte &l an SR Sotheg R Rt e e

wﬁgdt%ﬁfrcblltetlmdlémm!edmﬁge4gl nbal s ensure that the

m xer unit remains in a substantially upright position

, *ﬂne LR P08 6h BiGRAE Ao @ id tibbladmedugh ts liguid sefrigerant

| ocdted 1s not hori zont
G vl BF T A BP R FEREEEIE Be g e £ e
baBfake n"I‘he’i@mﬁJn@f@a@p:ﬁsb&hb G‘frodgﬁ tretpige® 1 &mmﬁh«d@dspmetw’mre it

0 e
S e R
‘éﬁtﬁﬁﬁﬁﬁd‘ zﬁﬁﬂuﬁﬁla ok it B8 déadauiccanmwniha pgtg prqﬁ@mc pfitee refrigerant

’ | u h e nt i
et s Rr it B UL e bl SoREERARL e e

wed dvagomalordl hara réshie, ma,rneqlrawmiqdh%hramd wsiiiepaeidronsihg FOOE*H% the
:P E’.;. whih ir&tgéécggls Exghlt:éﬂl 'ﬂBQm&?@Q dlel¥ms! ayer of liquid

geran the Iiquid absorbent

travel s down the oquter peri surf f
Wil quilgiiides prevideddp e dgadgpacy, i“g i fé“y”“?“f“‘ JHied Wh‘%}hth%ggg‘{“s
IRL RS WEX I kehdBRLEes !hft@lgﬂi hf&e@ﬁlﬁdiﬁﬂﬂé[@hb fded pipe Bhgpens into an

evapor at or and absor t
HPRérpghon JROf the fpdepsey t%\f'(ﬁlngolbmﬁ?%id’ Oﬁc con%mgs%lsoe Q lﬂ?ﬂly filled with '.-.1
IR iR Y betesh ng 4310nh¢ld§d:hﬁdzﬂs<;t, lefvingp mmfatpmmrcfngerant 28 which

Ci r unf er en e ar,
BT PHE oht ylop H2 PR AT f’lﬁﬁé‘f“'g Y
t&)@eﬁdleﬂ\mmfn théeppki Tegibwofabswnirest by é‘%ﬁ axihemyplg é@ segrd to the
f"éﬂ}{ |oﬁh§?x§1s LRENtn,P %&?o%ﬁ r}ﬁfeirthﬁ iR mit Tdlats in a substanmally

m xi ng absorbent with t
anmigitipesigarsit the gtqued yafeousviig ttmp@axﬁ% ﬁw‘sthFé“"é\‘/Sd‘p?bP‘HtZB’Pml

.and thereby, absorption of the anmonia gas into the

| A Wéh Gls ﬁ%@& Retupped efid &s&: xﬁﬁ@rtdnﬁ mhww :Ee/\hquakzéaﬂorbdfm Bufybm a
he m xer unit is PO?M
L R P AT e
t Qgnpiedslwatd citfiarghamagelialy Rwefoafentritniofitietole ammonia gas
than the solution 42 in the bottom region of the condenser. The liquid absorbent 50 overtlows
from the rim 54 of the well and down the outer peripheral surface 56 of the mixer unit prior to

falling into the layer of liquid refrigerant 28 in the bath.

As the liquid absorbent travels down the outer peripheral surface of the mixer unit under the
effect of gravity, it contacts the gaseous mixture entering the condenser from the cvaporator

and absorbs ammonia from the gaseous mixmre. As indicated in Fig, 3, the mixer unit is



The Iiquid absorbent and di ssol ved ammoni a gas has a
hi gher density than the liquid refrigerant, and so

wa@edobied3sromthe pool of the liquid refrigeraPtT/AN2®S5/001027

the solution 42 in the bottomregion 43 of the
condenser. The solution 42 flows fromthe condenser
through a feed pipe 62 and enters the separation
reservoir 64 through an inlet 66. The storage
reservoir. .64 is partially fil,Jed with a weaker

o
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10

15

20

25

P gEr B Pre b S AR el A B PR i
AUYOMEI: &vit @it anindnfregas Ol thd gassvuemixere frgm file@napokor and thereby,

d t into,the. int : 8
SROERET SR BhEpt Bhfe bl Ry wRAaMERATELAT
through B-Bbiohagixer @ses stown it Fig.dugls oanbadsen. the ligeidkbgorbent falls

solution 4 I [ Qir 72 of the
B L5y e D8 nidheP R 0B HERRENET | T 0 e
reservoir 72 is heated to a sufficient tenperat yre,
Thpliauisl dbyorbens anstatisspiver g5emenie s hasdusherdeniitydan ths lgid ¢ o
f'e‘?ﬁ%‘eﬁ’imt., By dRakes &R kidlpbadf thP lifiDA g rdntiAd tHbsolulibo42 in the
colTection reservqQir 78.. As the heated .solution passes
Bﬁtmg‘%ﬁ@ffée?i%gwﬁvapour and armoni a gas evaporat e
fromthe solution, formng pockets of gas which are
ohe sebrion 2 fltwolierh thelvendendyethigngina fsed pingye2 @ el the separation
Rkt &{‘th{oﬁ%ﬁ aﬁpﬁpbé. ot sBfkel RARTOU4s Zﬁi?alﬂ}bﬂe@@it#ﬁ {vBker

enterin he collection reservoir therefore has a
sadvikon of Bha diavid ebrortsht a1 digiobied PRBENIA At A AL ETA S AdsRACE 68

HReDRvabhE R Hb stk dnERb® hhiaAiS il gs sh@saEMabdur. Tn
and the weaker solution passing fromthe stora

e, :
i B EPPEAHOR S TRST R BEAGIPE e ST, LA 5B B i solution

LG dPGE QLSR8 eVRbie iitD BicSRbvilinesispase 686t thrspaitiod
fromthe collection reservoir 78 to the condenser 6 as

f44&VPir-qui d absorbent 50 for absorbing further anmonia
gasfromthe gaseous m xture passing into the condenser
Bunfouthen70 ineprinedeasp te etoffe whertdishmygipehich e waakeq solution 41 flows

articular i adi ' d i @l .‘inq .
Gy o £ 00 B, s B 1 8 s o
edichted toi 2onfficEnblemperatupglypisdlyireehpling ppiged targigaker solution, to
ch%&%’ L {08 et $4RR08 Qp WhliehuBascRs Joﬂéc%H%ﬁséﬁtﬁr 20| AdtiheQRatéd?

e separation reservoir 64 in a heat exchang{e .
s@ani passshiIpthaubh 76 alei Yap@y akrmmgya gas evaporate fromithe solution, |

forming pockets of gas which are driven up through the tube with passage of the solution to
the collection reservoir 78. The solution entering the collection reservoir therefore has a
lower concentration of dissolved ammonia gas compated to both the solution 42 entering the
starage reservoir and the weaker solution passing from the storage reservoir (o the heating

Teservolr.

After entering the collection reservoir, the solution is recirculated from the collection

reservoir 78 to the condenser 6 as the liquid absorbent 50 for absotbing further ammonia gas



heat exchange with the solution entering the storage
reservoir fromthe condenser. Fromthe storage

W eeneady s the recycling tube SO directs the PETyuizho5/001027

10

15

20

25

30

absorbent to inlet 52 of the condenser. A feed pipe 82
feeds the ammoni a gas and water vapour entering the
collection reservoir fromriser tube 76 to a conmmon
feed pi pe 84 which opens at one end into the headspace
68 of the separation reservoir through outlet 86. An
opposite end of the comon fFed pi pe 84 opens into the -
fihifitsateoRimRnuragent it thdwendwsp6 iramdhe ipadspire 186hHEN
feed e 84 has an inclined section 88 for trapping
ﬁ)éi‘ﬂ’%‘lat%ﬁl ch condenses in the common feed pipe from

wat er vapour entering w th anmonia g} S Lrom%e I, within the
troparizotar, enindissted indiie: 7B Hardd Deprasnh PG theWas (Raelsggt™
c&ﬂ-ct‘f‘én r&%woﬁgs tmfl?trz?z@l@ denssdn ‘z‘@i’cﬂiﬁ g DBE RO Which s tlovayehe

reser o i-ndicated in
bl eine $7pAS S YA Gh BB S B G T s 6. for
%Qﬂ'g{dhes‘dg@ it 1R&6lutifNering iR sfo%ﬁi reﬁdr}fxﬁr frora the powdensey Hrbe the

gaseous m xture from:t he d
S\pESO BRI B YIS Rl gy PERTR borflns et s %ie

Ande@y Cl i Nng condensed refri ger ant 28 from t he
condenser to the |ower chanber 14 of the evaporator 4

. %{gﬁ‘ ﬁg %ecfs e %&Ebnga{heas RRak . &Y SRENGREnY Qle@ﬂlﬂ:ctmn reservoir from

exchange rel ati onshij

apae me@dcmrpm foet ipesih ke et @‘s@@ﬁ‘éw&‘?‘g b"t‘i’dfl’é"‘*t ‘#e‘)f the
se% I Ve off RRODSE thﬁ)%gl%utfeh% SMARPERE B o theABmwioh Feeh @ipe 84 opens

ecl at ed, heat exchanger_90 faci ate
emmrﬂgf@sgé@méwgeﬂ Hehg QB FET i Wﬁ?’amf’#ﬁ%‘l"ﬁ 3 Fﬁs ah inclined
eXGRARY & 1@ RervRfidH @fdenftl il the doeebn(fequepif@aTcamelatet wapour
amoni a ]gas in the conmo

AngREnp yith prgeonip ﬁ%q’rfﬁ’gh%‘ﬁ rhgfthlﬁf:‘égl'(\”g%gandfs epea(r]anoggesé/ré%f&?and
afifder fpesk dahmsea%aﬁerremktmmehmge exacyuinger 90 to the
evaporator 4 allows for heat exchange between the

refriger.ant f $xéhandcne0

&3 Ssrai i h Flee £.5k BRI 3 %Eﬁ*‘%ﬁhe@%&?\%‘o?a e )
&t’lﬁl'lpﬁﬂﬁgiemmn cﬁtwmmeasmnma the gaseppdmixyroXaom the %}‘é‘&a"“
! {#;St ra aSS’r A8 afe cgnngser Ehg fﬁrﬁéf f@ai e m@cyamr@ondmdd

at one en arr

omfrlgetan@&drome ¢Qndelﬁpfé9\m‘?é°‘%?ﬁﬁh aer‘??r L q?q\eﬁf’ ?‘P"fﬁﬁ‘gqéﬁs& PRY
f iy '{%ﬁ BE ndk E':?ﬁmg@xf & A CEH#aes R 81t Xblfan b e enshiblvath the

e $ISERS AL OTATER D B RIS QB PF o T B ai

OE‘vaEJ&}atBP@ Ad WS v Apbcidthe the hadp eoakipEr 90 mdliththeleavgxchange between
the gascous mixture in the heat exchanger and the refrigerant in feed pipe 92 and the ammonia -
gas in the common feed pipe 94. Sirilarly, the side by side arrangement of the common feed
pipe 84 and feed pipe 92 from the heat exchanger 90 to the evaporator 4 allows for heat

exchange between the refrigerant in feed pipe 92 and the ammonia gas in the common feed
pipe.
As described above, the evaporator 4 and condenser 6 are housed within a casing 24. Asbest

illustrated in Fig. 7, the casing 24 has a main air intake 96 at one end and a fan 98 arranged at

an outlet end 100 for drawing ambient air into the casing from the atmosphere through the



t hrough the casing past the condenser 6. As the cool ed
air passes over the housing 94 of the condenser heat

w0 go0di0esas3 of f from t he housi ng, The gaseous rePCT/4B2@RN01027
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in the upper region of the condenser and the

underlying liquid refrigerant are thereby al so cool ed.

For efficient operation of the apparatus of the

invention, the flowrate of the anbient air through

the casing 24 is adjusted to optim se condensati on of

water per unit volune of thelanbient air flow ng
trAhaiigitakeh Shemaipar air Gows thivugk thegiaptraion mgcommfwam thanitins 22

air, fl ow over e e

e HERT B0 e R o e s 12 Bt BABGEE mhd B

gasebus chefgpageheammndansdr i§i m thvaoelerhalicnigiss over fhe housing 94 of the
densgrlﬂegtrus dr%l\t)xt? off ‘.'l’:'a e lﬁo%mhg' ’fﬂe%laée)(us‘}%'g&%ﬁ% Ak upper region of

8" achi eve imumair flow through the
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reduced. The dew point of the ambient air entering the
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e _Se Q2 fromt
e Pebdfipacion I ot Pk ABh L chkelitn ofpe
teh ol rbfigearint aithin tﬂ'dnosddneamer ature is conpared in
control nodule 106 to the dry bulb tenperature of the

Rar&&; { f&&aﬁ b‘aﬁls SURAQ RLRed HRAKUAES sﬂ@é!d B abxﬁma N eRinil@air flow

sor If the teénperature rreas erat ur
él@n@bﬂhqmna @ a&ﬂé‘\?ép%qﬁl@f HE W B0 EREssIY yf tl:c %lé‘:rr? PO 8fe“‘e

?Hﬁicﬁtﬂ{arf e%te{lrrx]gjt‘ﬁﬁ Evapbaed 1sQMtcﬁﬁﬁ§:Wy akOor 101e Thp@ashr ﬁfanhmd 50
an 1 s ur er S UCG on.comm

B R GFREFBHRLHRIoG DY B TR 1 SR HP L TAPEE D cpptueris
2BBbeRy mawohﬁgmmgh Wiae cmaamumtfam oteaeishel 0@ Ftomheambient

fl t t

kol KB SRR Blp Lt BV Gnl R -SUARE, L o\
fieddmpget idont2d madulsle6 mammbdb tenpestuneetshe dedyingdhe
%g%{oh - enﬁeﬁr il gr Speraf ?6}1113(511‘]1 4. al?ﬂxc ?e?rg@%(u?éjm%ﬁmregﬁy

uEDEREature gHnenm 138is @bm@hﬂ@ deorrdinefshe wm%rsm the dmbignipirsisisamiacd by
sgrﬁglp {021 3 céfsoftt}n:efmp s grﬁ'l'éF Brol sswaf?/ URPE onEAARY £dm tHaontrol
enser: Vari es accor nbrrent conditions,
trhrslols 186 owesnasbe Bow rase @fﬁbp ifs!iﬂé@é HF Brough e eYWASOR t hi n
t he condenser for optinmm condensation of the

redfce Uﬁ@btﬂﬂﬁm Y160 @4t ofthd Hhier: hie owp PR levapegicd B hafbetiarhieved, the

condens
temperamre Of the condensed refrigerant 28 in the condenser 6 is measured by a further

temperature sensor 112 and compared in the control module 106 with the total pressure in the
upper region 38 of the condenser measured by pressure sensor 114. As the pressure in the
upper region of the condenser varies according to ambient conditions, there are temperature
and pressure conditions within the condenser for optimum condensation of the refrigerant

vapour within the upper region of the condenser.

The temperaturc and pressure measured by the temperature sensor 112 and pressure

sensor 114 are compared in control module 106 and the control module determines whether



The tenperature and pressure neasured by the
tenperature sensor 112 and pressure sensor 114 are
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det er mi nes whet hert he opti nmum conditions for
condensation of the gaseous refrigerant have been
achieved. |If the control nodule determ nes that the
tenperature in the condenser is too high for the
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the position of the damper 108 and the speed of the fan 98 in Tesponse to changing ambient
conditions as required for continued condensation of water from the ambient air onto the

cooling fins 22 and condensing of the refrigerant vapour within the cmdenscf 6.

The meonitoring cycle is repeated at regular intervals to ensure optimum efficiency of the

apparatus and thereby, maximum production of water from the ambient air. The timin g



conditions as required for continued condensation of
water fromthe anbient air onto the cooling fins 22
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condenser 6. The nonitoring cycle is repeated at
regular intervals to ensure optinmmefficiency of the
appar atus and thereby, maxi num production of water
fromthe anbient air. The timngcircuit for initiating
operation of the nonitoring cycle is also | ocated

within the control module. Suth control ci rcuitry is
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direction substantially synchronously with the movement of the sun.

At the end of the dayli gﬁt period, when the heat of the sun decreases, the pressure differential
between the side tanks 120 reduces and the direction of the flow of the freon through the
hollow tube 124 connecting the tanks reverses. The retum of the freon to the first tank canses
the weight of that tank to increase and the frame of the balance to progressively pivot about

the stand in an opposite direction and the reflector to thereby be progressively returned 1o its



frame of the bal ance to pivot about the stand and the
reflector to be noved in a westerly direction
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sun. At the end of the daylight period, when the heat

of the sun decreases, the pressure differentia

bet ween the side tanks 120 reduces and the direction

of the flow of the freon through the hollow tube 124

connecting the tanks reverses, The return of the freon

pe first, tank ggﬁges the weight of that tank to
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the bypass conduit 148 is provided to allow for expansion of the oil into the pres‘Sure chamber
as the temperature of the oil increases, A safety pressure valve 152 is also provided in bypass
conduit 148 for releasing pressure in the event that an upper pressure Jimit within the heat

transfer system defined by the heat exchanger 138 and heat collector 140 is excecded. The



may be used to transfer the heat fromthe heat
coll ector 140 to the heat exchanger 138. A three-way

wWao b@sedsat i ¢ val ve 146 is arranged in feed copdUyAU2aD&801027
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for directing the circulating oil to return conduit
144 via bypass conduit 148 and thereby effectively
bypassi ng the heat collector, in the event the

tenperature of the oil in the heat exchanger rises to
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water from the air onto the fins.

During the first stage of the work cycle of apparatus 132, most of the dissolved ammonia is
evaporated from the water in the heating tank and collected in the evaporator as ammonia
liquid. At the commencement of the second stage of the work cycle at the end of the daylight

period or during times of low heat input from the sun, ammonia evaporates from the ammonia



position to facilitate passage of the liquid anmonia
into the evaporator 166. A water purge conduit 167 is

w@bk@e/opyiaey/i ded for return of water condensed WETAUR®S/001027

10

15

30

gaseous ammoni a fromthe evaporator to the heating
tank. Spaced apart cooling fins 170 in heat transfer
contact with the housing of the evaporator are

di sposed around the evaporator 166 and provide
condensation surfaces 172 forwcontact with the anbient
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progressively cooled by the ambient air as the ambient air is cooled by the cooling fins 170.

‘When condensation forms on the sensor, the sensor is short circuited indicating the dew point

- of the ambient air. This temperature is compared 10 the dry bulb temperature of the air

leaving the evaporator measured by a temperature sensor. If the temperature moasured by the
temperature sensor is above the determined dew point, the speed of the fan is progressively
reduced lowering the flow rate of the air through the evaporator until the temperature of the

ambient air leaving the evaporator is at the dew point.



theminto water collector 180 where it is funnelled to
a storage tank (not shown) for storage and subsequent
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further opened or closed as necessary to control the
rate of evaporation of the |liquid ammoni a and thereby
the tenperature of the cooling fins to, or below the
dew point. Rather than manual |y operating the
regulator valve to effect conggnsation of the water
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Cbﬁnnﬁdiiﬁi VapKlir §akn (R 6\13;5@:@&4 186 rd QrEHARQKIARL Ak ?54’ T‘HE heat
de&q_{ﬁl nt of the air to optimse

W&‘?ﬁé%gaﬂ" HéraRlEr ey siameighe apvigive Mhish fmhﬁrscorfmh@s heat
gaaslemél&nalﬁgm Bk tarnill yfEheModing tAR 15%. TR Mesk ABsoltRr I¥8nk h&Sbank
CI%Q consast ! ta%kse Pltle%r\x%thtnl;]ﬁerlgleo%tlé fql%d communication with each other through
feed and return conduits 186 and 188, respectively. As the heat absorber 182 is heated, the
heat is transferred by the oil it contains to the heat bank 184 and used to heat the heating
reservoir 72 and storage reservoir 64 of water condensing aﬁparatus 2 shown in Figs. 1 to 4

during the night or periods of low solar heat availability.

The transfer of the heat from the heat bank 184 to the storage reservoir 64 and heating

reservoir 72 is effected by a heat transfer conduit (not shown) which wraps around the storage



tank 134 through a diffuser 178 |lying adjacent the
floor of the heating tank. The difftiser is provided

wowaok/oesipd ural ity of apertures across its surfBCEADR005/001027
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providing relatively even distribution of the anmoni a

as it bubbles fromthe diffuser into the amonia

depl eted water in the heating tank. As the ammoni a
entering the heating tank 134 contacts the water, an

exot herm c process generating, heat occurs as the
amoni a di ssol ves. The agitation produced as the _
apesprair &4 et heptingrprervRia 42 fos gifecinkirineiGhefthsd! teithope pomporeps, prior

a5 snfhife I cCHISREN S tHRGed: 'B&kﬁ@@ ﬁir?écﬁ&uhﬁﬁtbaéml} %@3@& WYbsorber 182
the water in the tank, shown in Fig

abrﬁwharetu@ crsc’zutu 188 By M@mgﬂ?edwtmrwdtw t&ﬂ lF'rE’Q% Ofa%f'ss%%é%
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heat fromthe eatln tan gw rated as the
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haariel Watet AiknglidAhe eIBpaarhea’th@bBtarrMﬂEr d8@tis part of a
heat transfer systemof the apparatus which further

T
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, respectlve Y.
avsEhEY belr@xpﬁleﬁ 89%1@ dugting infe atmqnsortqﬂ@h%% rSéTBﬂ%V {hpecoled

Odn' 1edv¥ng@%@1hﬂg§ﬁﬁs 974 fehdRaforfanks &R ¢ bandd Etﬁeﬁhlfng ph@ades For

eating reservoir 72 and storage reservaoi.r
B0, DS OOAS P Gb LD FPEHE IR BBt ¥ eh gpegs o aroom
ddﬂa'dﬂr@llxh eTH’él v@ifttm:@lbe mrshxﬁd&leﬁhfsed tﬁ\bhaﬁﬁ)é] &eat heathe room from the heat
| abi at f t h .
b}%‘(’ﬁ ff@i‘”‘?'ﬁ d{nmg tET o é aFeé% ‘Q‘T‘r & ]‘ﬁea @ﬁlgbe(%&gremted’
r RS fips@ius 156l will befkaed extbriily ar thﬁemellmgansf er conduit
(not shown)" which wraps around the storagereservoir 64

aﬂ ‘Hidﬂ b@&nfeﬁtsl@b\éf’ihé R%?enf Renfbd 8 odsRbed ih 205 i £ TIRS embodiment

t hose conpone rior to returnlng t he
c@;fftreﬁ“omlthat ghowntiFigelin Bakike fpg 474 blpws wehier oF A‘ffP%ﬁhe‘d‘QE‘R‘g fins
t ?H)topﬁle @%@:Bra@ap §th cﬂfﬁﬁc 8 4k R &a%?w}@lewué iherl &%cted to

ut i | eal gener return

the
gf&@*é@u%ooa L PereRer @vgsr%{f fpte sy fH‘éﬁ?‘F’ﬂé the

t @Rdoyd AfméiRa e coBhlﬁt tEh Qb DBRoIRER! T imKdntaindish @atvs bf heat
reservoir 72, the appar tus enbodj e

e
i FEQPR BSEOR a’@gﬁmﬁ gomrﬁgpl}tg YOG Whlcg D?‘StrﬁLCO" ed?m rhe conduit
nﬁdﬂ 158, obx)slﬁghﬁe @mﬁrngtgmo@fanﬁogm 10 dontienselaraifcbiect Bithrsehporator.

Ag’lfeﬁ(r\fgﬂ%¥'alé¥' ggg glégla gr@gocﬁlno)ent g‘l?ﬁ%ﬁpofe %,I & a% uSI b08'lna (%( gcnlg«‘% ?(gl‘ CQI’%KSHHOTI

PoftOsmsDs ﬁmnonmstdammemtatmmwabn b@keomﬁatnmaya fwn thc hqmd

S:!mthc%a t%r Sl E)thnélz l?cgtir{g%nk during the second stage of the work cycle.

During the second stage of the work cycle, the fan continues to operate such that ambient air
flows into contact with the condensation surfaces 172 of the cooling fins 170 for condensation
of water from the air onto the fins. In this embodiment, however, the cooled air flowing from
the cooling fins is selectively redirected to heat exchanger 140 and cooling tank 192. The
cooling tank is in fluid communication with the heating tank 134 through inlet pipe 194 and



heating air as the air is either drawmn or forced past
the heat bank by a fan, prior to the resulting warned

w@poosloeilayy expell ed fromthe ducting into a roPOT/AD2005/001027
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ot her space. Simlarly, the cooled air |eaving the
cooling fins 170 of the evaporator 166 may be used for
cool i ng purposes. For instance, the cooled air may be
directed by separate ducting to a vent which opens
into a roomof a dwelling. The vent may be the sane

G H3 505 o GhaAnR tho NhsphlQchRens mg&m@nﬁ@ms@pmm

fter sunset during the second stage o
r@ﬁk@dh@’% Jhelfhid that cmews|thﬂcf@°%r|@mr%<c4u§bwet Pipe 1 %4p Fhe eqalps fluid then
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nbodi men pr ésent invention is
|thqﬂ%}%ﬂpb‘21@tﬁfe¢tr$0fﬂfﬂ§d by the t"F‘Pﬂ%“%WQ”&"F‘FFé REDVEETY thpflgid in hapeating

tifitanS e WhidiRmEcblhP R that the fan 174 bl ows ambi ent
air across the cooling fins 170 of the evaporator 166

t he . f,
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mbaherrlargm shgorbhenee! teczaepuiyeraangenighng We heading thpk from the
CRRAENS8Ey thR rbRETRORIMI: @R it efficichR@UR tHBGerb @f the gaseous

renalnlng gaseous anmmoni a to condense and collect in
taEnagipdpe fhetlid lowere he s dakar Brcomglsieithe Wik §¥e¥nbodi ment
therefore serves as both a condenser for condensation
ah et gaaRen & a@NPDEH cdndud 67 mscﬁ digdcts waith B thv@vpuraidd that has
o ERTERR RTIRB B % iy BT MeheliBls o 4A
work cycle. During the second st age of the mork cycl e,

thet fugtrecomteiimeas?iPof e erambingeisinn sibavdrbicet: Iﬁlﬂ}“ apparatus,
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the cooling fins 170 for condensati on of
%égé The: COntrol
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sel ectively Qggﬁrected tgyreat e chan

COBIPHGOHRIIE 119 heoa ek o Hphe ity B ranzed n e
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heatlng tank through the manifold 196 under a.
thios Py e poRilingatreghedcImnayen. BYe tiePedifpuitiyyvalue measured
Clh tg,lfafﬁle BNeReRAbNE B8t kmbgmfnlou hifl PR ek RIS Ak nirdalty 8Mdtween

d in the cooling rank.
4 5 and 6 grams of moisture per kilogram of air correlates to a dry bulb temperature of

between 1°C and 6.5°C. In use, the apparatus is operated such that the specific humidity of

the ambient air flowing from the cooling fins is reduced to a specific humidity correlating

with a specific selected dry bulb temperature or temperature range monitored by the

thermostat, Typically, the thermostat will be selected or set to maintain the temperature of the



Using the cooled air fromthe evaporator 166 to cool
the heat exchanger 140 draws further heat fromthe

whe@b/oedasdr ber 138 of the heat transfer systenPGf/AURI0S/001027
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enbodi nent, such that the fluid in the heating tank is
further cooled. Drawing heat fromthe fluid in the
cool ing tank enhances the rate of absorption of the
gaseous ammoni a entering the heating tank fromthe
di ffuser 178 by the fluid. The resulting increase in
efficiency in the return of t aseous ammoni a into
tafdeavingitef coBlier g {raraged frp@wéwtgé"% ABPE SS°C pred wiBRIRY. 2t 2
Ct%’nﬁﬁe‘?aure@féb'&m%“@”b(’d' ment, water purge conduit 167

él rects water in the evaporator that has

condensed with the gaseous amonia in the conduit trap
Tt ig.af they prpesatore Ry ﬂ%ﬁailﬁuearg!& thegogling fing ok thesvapqraer qqélﬁqreases
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ammonia to

t
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4 I

APl il uk N plncBls hindil Sl 4 i o o,
i mm‘cﬁscpsdheame@f avapbrgiiich of thsdsidemmonhieimibs ewpor2ios1 §oo The
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tenperature, to regul ate evaporation of the liquid
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Table 1: System Pressure

Temp Pressure

deg C psia psig KPag
20 39 25 172
24 |45 31 214




froma predeterm ned opti mum | evel for condensation of
the water fromthe anbient air the thernostat effects

web@siog3dpf the throttle valve sl ow ng the ratBCDAU2005/001027
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gaseous ammoni a through the throttle valve. This in
turn reduces the rate of evaporation of the gaseous
anmoni a and as a consequence, raises the tenperature
of the cooling fins. If the tenperature of the air

| eaving the cooling fins incrgases fromthe optinmm

| evel , thethernostat ?Ge—eff'uro epeni ng of the
throttle w@Ive,lgﬁcrea$5@g t he Q$OM/rate of gaseous
amoni a t[o The neatingtank—which—Tm|turn, i'ncreases
the rate (@@ evapaegati ohapf theshiquig anmmonia in the
evaporatdr 166. [ The Tenperatuyre of the cooling fins

t her eby de&¢r easgs6 Accpsdi ngl Y356 he thernostat effects
aut omat i @ regulqtlon of the cgndénsali on of the water.
A yet furlBer enfiddi mep60 of theipresent invention is
illustrated in Fig. 13. In this enbodi ment, cooling
fins 208 are provided around the | ower end of ‘the
conduit trap 158 which is housed in ducting 210 for

dAsr\exdt thevgniRidimeie ﬂMﬁrWﬁ@El%s tib@ oMt Bapfikds rﬁ&eﬁt‘&% tank

ank 19 0 a vent C
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% @?ﬁg of the solution in the heating tank is L

neasured by a tenperature sensor (not shown), while
ghedsopee2iis tlhed teadbly ldgedna@ the aSbieRag sl Antd Yhe@ucting 210 10 vent

18. Tab tem.Pressur eAs
P o8 HEEaRR e st DeychBhcfhur Bl Bt SR GREAHER ohpnpignia
&1% bylweight) ahdieatingrgnkifaliod mmemgn@afeo H%. aNEDRieth pressure
L OfBetdfe ﬁm&h@ d%ﬂh% 113%& é?g@mt era%% bt s ! ank. The
heat’ may for I nstanc 6FOVI rica
5 ng el enent, sol ar heat reflected fron1an
BE]F pgﬁsﬁﬂ’e?'iﬁsﬂﬁ EHPmpRia cang 5A49.5 Bfhyoreight) as i n the

rel ated pnbodi nent shdgwn in Fig. 8 and Fig. 9, or by
wast e hepHedtedoTierap . WagtPeessigr ce such as hot water from
a boiler|channelled tg the '

( deg C psia Psig KFPag

70 170 | 156 1076

75 195 131 1249

80 220 206 1421

85 245 231 1594

90 270 256 1766
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heating tank via conduit arranged in heat transfer
contact with the heating tank for effecting transfer

wotooslesidmst e heat to the ammoni a sol uti on.

ThrCTYaE2005/001027

transfer fromthe heat source to the heating tank
through the conduit may be achieved by a

"t her no- si phon"

ef fect as descri bed above.

The
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det er m ned
non-retum contro

ed
Pyalvct&%7 (scc ﬁgure 13) as a result of the pressure

differential generated. The ambient air drawn across the cooling fins 208 on the lower end of

the conduit trap draws off heat from the gaseous ammonia causing the ammania vapour to

condense and drain by gravity into the evaporator.. The pressure at which the gaseons

ammonia condenses is dependent on the prevailing temperature of the ambient air. As

described above, not all the water vapour which evaporates from the solution 136 in the

heating tank condenses in the #ses riser conduit 154, and some carries over and condenses

with the gaseous ammonia.



tenperature of the solution and pressure in the
heating tank, heating of the heating tank is halted
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air drawn into the ducting by the fan 174 is directed
to the cooling fins 191 of the cooling tank 192. When
a solar reflector or . waste heat source is utilised
for heating the heating tank, the heating of the
heating tank may be halted by redirecting the solar
§f|ector away fromthe heating tank or by a solenoid
v
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t he solenoid val ve opens.
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r@stted & thdhehifi thidPi d evaporation of -approxinmately 12% .
by wei ght of the |iquid ammnia coIIected in the
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(FSFROFARTGRY 6 AT0LiBg figsadOf ar "EO‘%’thé ﬂPé’{fr ersl of His copdyis drgp are tapidly
apmedioaesd@es. not by-rass'the EPR val ve 216. At the '
comrencenent of the second stage of the work cycle the

redlffere ce across Rg@l e 216 is 27 psig
L ERBREE R RS PaRR e ol el SRy Do
temperature of the gaseous ammonia passing from the evaporator and opens and closes as
necessary to regulate the pressure difference between the evaporator and heating tank to

ensure the temperature of the cooling fins 208 on which water from the ambient condenses
does not fall below 0°C.

The non-retumn control valve 207 ensures the gaseous ammonia does not by-pass'the EPR

valve 216. At the commencement of the second stage of the work cycle the pressure



the conpletion of this stage of the cycle. Wen the
concentration of the ammonia in the fluid in the

whe@biooy3z ank has returned to substantially theCT/AD2G084001027
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starting concentration as indicated by the neasured
tenperature of the fluid and pressure in the heating
tank, the solenoid valve 214 is closed, and the work
cycle imedi ately recommences. The condensed wat er

falls fromthe cooling fins 208 and is collected in

into the
BElep St O SR D R b Da D ¢ P 7800
dthe comgpletive of hisotuge sitthogeyctef t he work cycle is absorbed
by the upper region of the fluid in the heating tank.
Thaes 8o Eéﬂéb&ﬁﬂtl@p& HePbdrRiah, tﬂe%uﬂﬁ‘ﬁﬁ%gﬁm%mﬁ msarcfu%c& fd

litated by t he heat being drawn awa

r BGPERadY the frdty starfing eppcenfationes md@mcétay e H@ftsutﬁ(iéerﬁnﬂmﬂde of the

bRiiweIprédee HARS heaths BK R R AdEVAR2E RE1d:AN knd tw@omycle

the | oss of ‘water and armonia fromthe heating tank
FErYPIEdri ng the first stage of the work

cycle the mass of the fluid in the heating tank is

| ‘Ewgopdensddavatrofapls from the coblirgHfing 263 mgés wfledidaan wateKe oty bre209,

conpared to at the beginning of the work cycle.

FBH&BNL@ ramrrﬁ;_%m@loﬁt%% bled th@ftoptcl? %e‘ h@&fn ke fﬁoﬂl tﬂ@fp&e&ﬁﬁ&’i ]%4Q!g\rmg

%e fluid in the heating t e Vo

& pendtage P varkieyslng P@%@ﬁ@g By Hs gPReR eegioppi the fluislds thg yeating
ATl Mihe CohtinudisbioditfoR OF the E&%hs'aﬁm%hﬁ is thélitafeB By the heat bemg drawn

eva a 166 i.nc s a wat stem 2

P SR RRPEY (R OBt RO o e g between the heatng
evdpodateanolbgedakt 0 t he heating tank via the water

return line 222, The water return systen1conprises a :
f I

B ey R P R o R
ofiage ﬁ‘é‘thewaﬁ@wdmhe mapkef thaflid fr Tbabcaﬂmamms tead aktyhercemplgnon of
Qﬁlstsﬁga SR Wk gyc?e?cgmgéreﬁ & %B@g}mfr?gtdf it véfdr}Q% cfe? %Iowevcr asa

t ereysealln ter return l[ine

etvdfiof %ﬁ@rqaﬁen@ teprperatin i deey pid mehafsping tfmécgqh@ MOléTthe efbe fluid in

- ShORAGR; e hehess, ARANEINRsRBY hmbl0al 224 to a | ower

regi.on of the storage cylinder below the ball float.

TR len sl ik B B b el e ot i LB o b sihed 220 or
benmag vaﬁermﬁwh s@c@malge:s oythe evdporatoiTiaek tahd heﬁhmhnmsmawater
q@lﬁi%' lHé 283! Gﬂemﬁg' rc'tutm Ws e}n c%%‘bnsels Q%Eat vgl_lvé in orpo tmgda ball float 224

arran gcd m a storage cylinder 226 which opens into the interior of the evaporator. The ball
float 224 normally rests on the open end 228 of the water return line 222, thercby sealing the

water return line,

A pressure equalising line 230 connects the upper region of the siorage cylinder above the ball

float 224 10 a lower region of the storage cylinder below the ball float. The density of water is
greater than that of liquid ammonia of the same temperature and so settles to the bottom of the
storage cylinder, Thé ball float has a density such that it will not float in the liquid ammonia
but will float in the water. ’
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but will float in the water.Wen sufficient water
accunul ates in the storage cylinder 226, the ball

wo ka0l is |lifted fromthe end of the wat er PCBAURIOS/001027

line, allowng water to flowinto the return |line
until the level of the water in the storage cylinder
decreases such that the ball float returns to its -
normal position sealing the end of the water return
l'ine preventi ng t he escape ohg | i quid anmonia fromthe

%@B Sk %%ét wil aa?(ﬁlélgﬁ {nl edsltc]t:rgg%{g?@?c‘%{/gl% %ﬁﬁ gzrdl 1}0 3 224 is lifted from

trlner s ghthe bveter retuor inel alkmurtgm'ateln o flavsiaro thordun hneltazn the level of
[, con r

g it B BRECNMNA GBSl Ble ba PG Ser AT

\paismtm 28hgaheread gittie waer thwrnlae ercvcremg the ehdapeof2igpid ammonia from

Ri& e\(/g;g)trﬁor\'%@ egsﬁﬁrzagfeg& ﬁl@ eleropatcgrllﬁd W@Bt%m%tank drives

st or eflrst st age of
Wt Kateryapegh the rpein lingitq the rlseé n@dmt whduripg the liecoprt Bage pf the work

CPT%!@ g&ﬂn%e}estt clr-lulxé*ﬁElE filx£oetgt: llmlatér@ tehi. ]f5non| @mmdﬁfe 232 arranged in the .

I'ment, cooling fins are EFOVI ded around thé
| VS Fetah Dy 22 PRy Vafas from flaing berkipie 81 Waier Hefagesylingsr 226

%ﬁﬁgﬁgﬁgg@ag@gfﬁg%ﬁ@yb@g ai r drawn across the cooling
fins to a vent indicated by "A" as described further

bel t ncenent of. the first f.the
o et cstob g TR R it M nlirk B 235, B
an'lbudhnﬁm_, &B6nCfn208 s pyvidied Getrythaleivgtend afro eringuif 14p. 168
&%lc%mcgus%l ih Huc].’ig F ??0 1%9(11%&1% a?rtdrivlrr} :Qrdé@{hg golm B b Fent
vapour and a snafl quantity of water vapour are
prdicseedtbyi"A" psvssaribpdiuribigbelow- t he system The overal |
system pressure at this concentration of ammonia is

- dabRS dERAR ANt dTehe A REC dfRR WiRk @ycxeanﬁ hadIiNp BihR 1 3PS an

pressures whi ch var.ies ordl to rature as
i AqHoBREAEIon A36TeomIpEsing Frhve Y@ﬁ‘ég‘raé’t @5 g% Feswpmin in Jho2 ks

] dishl@:d%@ér] %ﬁ@ﬁ%vdp&urma? shAchuBticR oft veeaRiutEre present in the
senso

e P Rt The evea gt DL RER e B Spagrdh oBub B

ReeasitsEby tﬁesum dfhhet wegeranbatiemntapbbd pus turest vadehi varidsiagerding to

L e R
heatirabbyt catamperdiive sémeart(noraljowndrwhila pteasoein e hostiong itadks e rigpsured
ab:} %r%&}réée‘ﬁ?&zﬁeat' ng el enent, solar heat reflected

an appropriately orient ated solar reflector as in
tFrble ks ISasterd Peess®i nent shown in Fig. 8 and Pig. 9, or

by wast e(!heaft froma waste source such as hot water

froma boileg channel | efedsard he
deg C psia gig KPag
20 39 25 172
24 45 31 214
28 50 36 248
32 58 44 303




heating tank via conduit arranged in heat transfer
contact with the heating tank for effecting transfer

wo@Roobhesismst e heat to the ammoni a sol ution. Al PEY/AHELM®EN01027
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heat may al so be provided by a netal jacket 250 which
surrounds cooling tank 192 and which is in fluid
communi cation with a heat collector 140 through feed
conduit 142 and return conduit 144. The heat collector
140 is located externally of %he heating tank 134 in a
t ower poaiti on for beipg heat®ed by incident sol ar heat

I Npi ngi n ,ﬁr 6Eeat :,Jlect)r romithe sun- The

netal | agk 250 —and-—-hest cnllevrgr.:40 are filled

with mnegral oil ich r cul between the netal"

j acket a 4%Iﬂ.ea{ bé?%ec éi‘v#uﬁggéu and return conduits

142 and 144 under a therno-si phon effect upon the

heating of the heat collector. Rather than m nera
etable oil or for instance water may be used

\/
Ohs bitkine FERod et Haeuein KBt 4 oz hort 5 pRIEE gt ) e pank
t diﬁvmﬁas%loud Agketa f%i@me Imoﬁie adlutionans frethe hdaBiig ttame m @bat may

urce to the, t al t hrough the cond S
InRIRACE %f’ PRRdeEy ﬁi’r" ﬁge‘lf% Fie G SR ﬁ‘f% ‘#‘ %‘g‘)&‘? fhg
t @jpk;pﬂﬁyly logeranhi sGLaEﬂﬂb:yor&s mttﬁkﬁlémdﬁmpbcﬂmem@ﬁd\ﬁﬁh F&$$8 and Fig.
Ve, A sol enoi d. v e 25 arr

S SEbL BRI RRYTn PR i il B et B B SREGShed b me
t meanirgef ten'k edondwinartahgediebdat mhﬂeemlmm vath:th& eatimgetal for effecting

' |

| FEELof RSG50k 4 2085 00 WADNBLY SERLS S B oy
woinitalg gakble2 58 ohich surecsndgroplingiisnk 182 and wikigf i @nfélen corRmrgation
Of PRI N Redt 946 %&agh ma g&mu m B Sl bARY 158K FAl doBector

to a concentration The systen1pressure -
t ¥ifpelegaiadateralived %lsfmnpg fenlfrh?vﬁ & & iver pppifigefor geing heated by
| iReligids hbdl ictpRkifSordhéidt cAtleclditom Re su%/ SE‘h@ EHer ﬁaém@ and

SRR S iR i TR T U S LS

apEII | ek tdr v AMeddSindl Bendrd onklhif @Il ﬁmluhdéﬁ‘i}m%ﬁ@-@iﬁmmfféa gpon the
eatl t ank

by wat er, va fromthe solut in the
e e e et SRk B RRTTe G 3889 e G GOh Qtopen
amaytenetd 1@ nehnstee giedibat @fon thehaal HEcta@Qnoith e mbdl jatkasispaTe: hear

eat f t he .gase nd ter v

Rk Ao FRE R0 T PP Bl el B Singi O g gt ranster
wadie rhe wbnlmg tefnk owbe lkatke dumaytHeechiewd by @ Gthelurotsiphot oefletras
hﬁ%&f gnk 134. The cooling effect is not sufficient
to condense t he gaseous ammoni a whi ch contlnues to

rise up the riser conduit 154 to downward

sheplewoahe 3ot isprranged mdeadieprringH 42 westapchs rt&qrmpﬁipwﬁthp:@ fransfer
igtwen 82 heASolRclof Sidithe Bdral i Rer WHES BAAF Bansfer is no longer required or

when solar heat is unavailable.

The first stage of the work cycle continues until the starting concentration of ammonia (49.5%
by weight) in the heating tank falls to a concentration of 39.5%. The system pressyre —
temperature relationship during this stage is indicated in Tables 2 and 3.

Table 2: System Pressure (Ammonia conc. = 49.5% by weight)



differential generated. The anbient air drawn across

the cooling fins 208 on the | ower end of the conduit
wWa e@p/ooiiaws of f heat fromthe gaseous amoni a PEUAU2NYS/001027

t he water vapour to condense and drain by gravity into

the evaporator. The pressure at which the gaseous

anmoni a condenses i s dependent on the prevailing

tenperature of the anbient air. As described above,

not ail the water vapour which evaporates fromthe

solution 136 in the heating fank condenses in the

riser copduit 154, and sone carries |over and condenses

wi th t he| Haatedfiemp mnnibAesswier j ng t first stage of

t he worki{cycl e sol enoi val vel 216 i s cl osed,

preventi | E@%ianr,ﬁﬁa LW atg—back to the heating

tank. \Wep, the centjr.ati on he Jammonia in

sol ution ?ngthc uea{i.égéank qugfauien to 39.5% by

wei ght as-det ermgied bygihe neagyred tenperature of

t he sol utton—angpressure T he heati ng tank, heating

of the hegting tank |9 alted iaphen @ sol ar reflector

or waste
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hal t ed by
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fromthe
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The gaseous ammonia travels up the riser conduit 154 accompanied by water vapour from the
solution in the heating tank. A plurality of metal cooling fins 156 are provided on an upper
end tegion of the riser conduit and dissipate heat from the gaseous ammonia and water
vapour, causing most of the water vapour to condense into water which flows back down the
riser conduit into the heating tank 134. The cooling effect is not anfficient to condense the

gaseous ammonia which continues to tise up the riser conduit 154 to downwardly sloping



conduit 253 to the netal jacket 250. The cooled oil in
the nmeta. 1l jacket effects cooling of the cooling tank

wdamembiiah facilitates recircul ati on of the flePCTAUZN05/001027

10

15

20

30

gaseous amo

‘AN AR relnto tf heating t@éc Srhen %ag@e@fanm ef %mm@%me

the heating tank 134 and the cooling tajik via the

mani fol d 196. When the tenperature of the recal cul ating
fluid has substantially reached anbient tenperature,

the sol enoid valve 2 16 opens and sol enoid val ve 252

cl oses. The ammoni a parti al essure difference

bet ween the evaporator and t heating tank results in
toRBAERD d SEME St BE PThTEBIM EpBploRivABY B1s\R rasabipb e meesp et
Qflfférg}ﬁxai ée@lé’rhtgd afﬂ%ﬂibﬁn&@rl et Rebsd e EmngﬁMs%k%c 188 end of

a resul 3@ner ation of this he
éb%n%ii‘&f &P dm OffH’@at 61 P gRSEGUR SN2 SAUSTA H’Bt"h’éf’f VERRRF to

eRddale dnbaramsydtivity ti@ie Q\Va?mﬁﬁp' THeYres@pd AP tREAEeous

ObC. A terrperature contr ol evapor at or g}Fessure

AR SRR depaAcns on g vg@éﬁ&l@stcwr-‘éatw@ avpiert ar As
tReriPab RS nSHITBR vaidd dSFuUNghit Gahdrites reatﬁn@rsaumn BB6h the

ARE B et B TR U A0 R o areeAg: PR e

. ensdoneadrhenid enper at ure of the cooling fins 208 on

whi ch water fromthe ambi ent condenses does not fall

&L tr%@irstm%:l cg‘%l%o\{ggf( ik g&&B{dQ»l%le %ié’ & I%‘é gx‘i%gag&ﬁs

not pas

taRuiON ﬁﬁﬁ%ﬂeﬁn ik @hEAL& 1886.98% m%hﬁ%laeeéﬁwﬁ Wil InSasdrédd
psig (186 Paqlet which falls to psig (27 kPag éeat t he

d%’ﬁﬁlf%\:“ie Ghthg Foltipn endpragyre &f the FF@“E%/‘&?‘% hea&\né AL theating tank is
ORAEE WEaRLa sgﬁrh@ﬁecwi*@r ﬁméhﬁoilrﬁebis Iﬂﬁhsfel:l Eﬂrﬂedtiﬂ tﬁéexeatm_g tank, the
eat | n as ret ubst an I a
i A e %ﬂﬁﬁf%%%ﬁ%@m the
tlﬁﬂmnﬂtklﬂf By ofoldnbid vialve mtlich mdhrﬁntse{ﬁs head matet hemhi@avisrgource
ol enoi.d. val ve 214 i n r
S pol e BRI Madshuihis o aind aPBE sl Syt ffipdfitor anon
f\ad)rk sydler ﬁoﬂmwmgthc e niyhé amsodOBoratie evapocodrl 166 ttecsolanreflector
col | ech i i ' t
0 B Pru L o A Prau TR BARY AR R3O o84 By hearea
dwaiérigditehied @éb@mdnmtage of the work cycle is absorbed
by the upper region of the fluid in the heating tank.

TH nfe@d fdoktd 8sb 18 RSREPEdnRmhidNBHORS 804 Rr ammﬁﬁgaege@ou 72 and
facili tatedﬁl%?the heat bei n dr awn

(FpREe Tese P AT BF AR EOMTRIRE B ?th-‘ez gpp V@[Js%ul itoh ths?ugl? fred

fdobifigk A3 e Joad et Mndensing apparatus 2 is located externally of metal
jacket 250 in a higher position. A solencid valve 252 is arranged in feed conduit 254, When
the‘ﬁrst stage of the work cycle is halted solenoid valve 252 opens and altows heated o1l in
the metal jacker 250 to rise by “thermo-siphon” effect through feed conduit 254 and to heat
reservoir 72 and storage reservoir 64 of condensing apparatus 2. As heat is absorbed from the
heated oil by heat reservoir 72 and storage reservoir 64 cooled oii retuns through return
conduit 253 to'thc metal jacket 250. The cooled ol in the metal jacket effects cooling of the
cooling tank 192 which facilitates recirculation of thc“ﬂuid in the heating tank 134 and the
cooling tank via the manifold 196.



tank and the cooling tank. Due to the |oss of water
and ammonia fromthe heating tank to the evaporator

walewosigsishe first stage of the work cycle, thePCEaAE2006/001027
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the fluid in the heating tank is less at the
conpletion of this stage of the work cycle conpared to
at the begi nning of the work cycle. However, as
aresult of the increase in tenperature of the fluid b’
the heating tank, the volune of the fluid in the
heating tank increases, and t*he |evel rises by amount
"Wilien tw«steﬁmwrhtherof gla osvirculminEiflgid hﬁssubstirreialéx/rapﬂmhamhﬁcr&66
ncor tulr :
R0k gt L b b LI, B08 22 Pl HE Mhfia
h:xaatal presstia diferinge tonecenstteeraposta amd ﬂhc heatip@nk Ehdts wetherapid
%Q%ra?fﬁ)éfapg%ﬁ&%% iﬁ?ﬁy @m&]‘n%?{he‘ﬁgw gm}nPfﬁQ E&%f%&g%ﬂﬂe a

arrang I nder

. mapplmt@p\éﬁsAF mresult ¢féhq aqnmtioe of gifs "ﬂhﬁé\ gy atbw\amfptor aidghe

%Hm\ﬁ;flng 3hg %&%dwxmrlexd Bﬁﬁé Sn@ilt m%aa&my%aac&g%c@fwc

ter ratumline 222, thereby Sealing the water
return |ine. ressure e ualls onnegts
R b amhi ot ROt r e e g F e SR R B
b.&lnberafthx@ af tha 2dbeti8 ammooi@issing @bmnhm‘vapdmo@hda omeand closes as
dfégl nde{o La?et ! ?rgssgr%ldgffafﬁ!no éart}]wT%aH %gdu?\g% %{Xr 391 [zmk ?o
teampematamperaamjofshn ®elntg fans 2001t Weicthwterdmmothe um@ent condenses

sti]og{‘%g?aucaéiow%r The ball float has a density such

not float in the liquid ammonia but wll
float in the water. When sufficient water accunul a e%
i Hie nopreeigm svr&@év%xﬂ 207 grespuen Big gasepis apponiadogs ot Biopasy e EPR
| yalvleeds.f AQAR EdManaaBEhmeaf oftiieseviit @fagd efttht work byel thd preﬁshe

tdlicnbooisite Tha 0 7 e RS shed MaGTaE Tt Garee

| the Ednepledion bEWY styd bibterycldecr eases such that the bal |
float returns to its normal position and seals the end

O\ffvhéﬂge xme%m{. romalrL Giab OB rﬂﬁx*ﬁtheﬁqﬁa% gaﬁ@% rQfimed to

amonli e evap or at or ressure
oaubstememwée b@ta}@@nng mce@vamraamcata%y thp gepessd remperaginkof the

diliy SR ﬂr&?urmttﬁg helf %Mﬂ:htht: BSerdof] HiiVe 2'14 €104, Arfdnd \Jv&ﬁ tycle

condui t” 154 during the .second stage of the work cycle
fIFpiRiedl eedmAFE ns back into the heating tank. A
non-return valve 232 arranged in the water return line
20 cpiidevien atengalle froh tienodliing\fine godmd ks dotitctedtiine atemtoliector 209,
storage cylinder 226 during the first stage of the

V@&gr%& ¥fhirBnia Howitetnllo % %m%mgﬁanﬁ @ nd e Lgis 1 ducing
Pg t us shown 1 n Fi
the work cycle is absorbed by the upper reglon of the ﬂu1d in the heating

the second stage ©
tank. The continued absorption of the gaseous ammonia is facilitated by the heat being drawn
away from the upper region of the fluid by the recirculation of the fluid between the heating

tank and the cooling tank.

Due to the loss of water and ammonia from the heating tank to the evaporator during the first
stage of the work cycle, the mass of the fluid in the heating tank is less at the completion of

this stage of the work cycle compared to at the beginning of the work cycle. However, as a



may al so be utilised for cooling or heating purposes.
Simlarly, the enbodi nent shown in Figs. 10 to 12 may

wheoopoaidzied with a water system as in the enbPdi/ABN05/001027
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of Figs. 13, 14 and 15. Heating of the heat collector

of the apparatus of the invention shown in Figs. 10

and 11 during the first stage of the work cycle may

al so be achieved utilising a parabolic reflector and

heat tracking nechanisn1arran ement as illustrated in
Figs. 8 and 9, or usi ng heat from anexternal heat .
RS T oo TR of (B s ROREARIENS B Vlh5b Ry id in

h@@hedif OBk RPN dRNBEvaisd thaidbaerat i on or air
condltlonlng unlt gener at ed durlng operation of such

dev ed above, heated water or

R R and LT 15 S AR 16 R e Prates b P iEystom 220 for

cmtulnﬁﬁg wiitef wioeh ztch&m&&t&seﬁ ﬂﬁlevd'peator BRUNERe Baating tank via the water
s.aroun
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beil ng eat oss ernative
h@éﬁﬂﬂ@ﬁdfwthe heat collector and/or the heatlng t ank
134 may be effected by electrical heating elenents
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1mnmnMahh&meﬂmﬁwshbwdmments of the i nventi on, such as

the fans (98, 174), solenoid control valves 214, 251

awrherza?c@ﬁ@m wﬁt@mc&ﬁhulﬁwlﬁ telsfhra awma&ma -3 mwm@@@l 1sbifted from

an external source. Pre owever
pibf etpokoi)theaw%ﬁﬁ@a iy Inlsdidied nglw@élvfahaﬂé!ﬁ@ﬂa@ 2l St o flow
CRIEHS Stunglidiundditie Ricl BHAE Gv®e} ﬁa@te@t&ﬁgelcﬁxmﬂ decﬂ@%cs such that the
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external air tenperature.
As with the embodiment shown in Figs. 10 to 12, the apparatus shown in Figs. 13, 14 and 15

may also be utilised for cooling or heating purposes. Similarly, the embodiment shown in
Figs. 10 to 12 may be provided with a water system as in the embodiment of Figs. 13, 14 and
15.

Heating of the heat collector of the apparatus of the invention shown in Figs. 10 and 11 during
the first stage of the work cycle may also be achieved utilising a parabolic reflector and heat

tracking mechanism arrangement as illustrated in Figs. 8 and 9, or by using heat from an



It is also and 208 of the evaporator 166 and conduit
trap 158 respectively, enbodinents of the invention
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may be achi eved by thermal convection currents flow ng

t hrough a casing housing the apparatus as a result of

t enper at.ure differences between the evaporator 166 and
conduit trap 158 and t not necessary that ammoni a be

used as the refrigerant in th§ appar at us enbodi ed by

the present invention, and any other_ suitable gas
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Ter ous es an I cations are possib
V\A(Itdwdmhd@partl ng fromthe spirit or scope of the
i nvention. The present enbodi nents described are,

t BB  itherlitan PRI HNS 2 &5 Weh bdrdl thefa8BRACHSacSs the cooling fins
illustrative and not restrictive.CLAIMS 1. A nethod

f &0 e SHESASTHG RELEF from anbi ent air, the met hod

conprising: providing at | east one condensation

shifasoand 208 of drteaatorawrt] 6 tiveondvititantl S Siespectively ¢rplgpdianents of the
09 ma % mﬁgédr 1{1 Q{i[cﬁ me fﬁ»ufq)f the almlB{th aitl Iﬁa)fjd'e aUtﬁeved by thermal

gase%’us r eran romt
convection currents flowing through a casing housing the apparatus as a result of temperature

differences between the evaporator 166 and conduit trap 158 and t not necessary that

ammonia be used as the refrigerant in the apparatus embodied by the present invention, and
any other suitable gas which generatés heat on contact with the fluid in the heating tank and
which is capable of being condensed ir;to a liquid under the conditions of the work cycle of

the apparatus can be utilised. Similarly, while it is preferred that water be used as the fluid in



sol ution; cooling the gaseous refrigerant to condense
the gaseous refrigerant into liquid refrigerant, and

w@oeiobeetishg the |iquid refrigerant; evaporati NnBCT/AU2005/001027
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refrigerant fromthe liquid refrigerant such that heat
I s exchanged between the refrigerant and the
condensation surface which is thereby cooled to, or

bel ow, the dew-point of the water in the anbient air;
and contacting the cool ed congensa‘ti on surface with
the anbient air to effect condensation of water from
t the hearite fenk fopdhsorpianol iveasronmrpaei4. oy Al feieklc flpid which 1s

e e dnPsefdeRl Mad LWRQIEA N the step of
heat ?ﬁ%@?h@hggﬁ%rgnsecgnpriaget\é\ﬁggsl ar energy. 3. A

method as claimed in ¢laim r.claim2 wherein the
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wiltggert to ranovAdysp frive dhecpdt Refonioriacpis nigpfipedireoplinstiing of the
pg&,glg{:ﬁis_ng clainms further conprising the steps of

returning the refrigerant evaporated fromthe liquid
refrigerant. to the flujd for, repeatin eat.i,ng _an
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g e e R e R
euapaioal Bk fresemetnhedilnbgsidadcnted miegberefiote, tode coraidtled indalizespects
A_neth s cl ai inclaim5 or claim6 further
céﬁqﬁ\"ﬁ@?\‘]@g‘nflﬁ(’eﬁ?@gvdf controlling the flow rate of
gaseous refrigerant to the refrigerant and fluid

solution. 8. A nethod as clainmed in claim?7 wherein

the step of controlling the flowate of gaseous

refrigerant to the refrigerant and fluid solution
conprises the step of conparing the dewpoint .



of the anbient air with the tenperature of anmbient air
followwng its contact with the condensati on surface.
w@®2006000/a8hod as clainmed in claimsS wherein thePdEAP2I081001027
of the anbient air is determ ned by sensing the
tenperature at which water condenses fromthe anbi ent
air onto the condensation surface. 10. A nethod as
claimed in claim9 wherein the steps of sensing and
conmparing tenperatures conprise the steps of measuring
correspondi ng tenperatures. 38 . A nethod as clained in
any one of the preceding clains further conpr|5|ng t he
siiegmd col | ecting water condensed onto the
condensation surface. 12. A nmethod for heating
onpr|3| heat j.n f .and a
frur 0 R G E B A8 i Bl of SRR Y T
cool i prgvitiing atgase@msomcenaatzgequdme fauaontattvath ﬂtetﬁe‘lbg@a%ﬁ u s
refri L d..r
col | elget&‘;{l1?#!}I i Bﬁng %gkﬂ?%nge?lgiﬁt v dgsi\%o%g@#gﬁnggeﬁﬂﬁmm the.
selfiidgrger ant fromthe liquid refrigerant and returning
the r nt
ot naopPERL Bt AR B b R I iRl s
refriggraperanA ollaping ﬂt*fhlél“quaff’ém’&nd utilising the heat for

heat | fgpordihg réFiBRhA edmABe Gdudd mcmnc seétathdhdaL n,feumahgﬁ between

co rising the step of draw nh? eﬁ ene{igted b¥ ﬂ\d
eisieraprng He condesplion SErEco ey ¢ Fere P eV

tpbfﬁxtf)ﬂth&ﬁiatérﬁnﬂfeaﬂ‘ﬁiﬁﬁtdilewn of further evapor at ed

refri erant nt o.t.he ar. C

corrpr the eRPledicn gstah?re%%fm “h‘g’ |]%lfémrsﬁre ac tcg’?iemamn

amwtaar:tromnﬂtehmtebl adryintcethe cdndertsating sarfaml ution of a

refrigerant and a fluid, to drive gaseous refrigerant

fy om p\r}ﬁetﬁ)&l a¥ EiaRfa uﬁgﬁtn' NOhekdiE a8 Qiqﬁatfr%ftﬁe' HRfidNdomfises

condense e gaseous refrigerant into |iquid

rselfor grgeyant , and col lecting the liquid refrigerant;

‘3. A method as claimed in claim 1 or claim 2 wherein the step of heating the refrigerant
and fluid solution is controlled in response to temperature of the tefrigerant and fluid solution

and pressure within a container containing that solution.

4. A method as ¢laimed in claim 3 wherein the step of heating the refrigerant and fluid
solution is at least partially reduced if, -according to the temperature of the refrigerant and
fluid solution and the pressure within the container, the concentration of ammonia in solution

is less than or equal to about 39.5% by weight.

5. A method as claimed in any one of the preceding claims further comprising the steps
of returning the refrigerant evaporated from the liquid refrigerant to the fluid for repeating

heating and evaporation steps.

6. A method as claimed in claim 5 further comprising the step of drawing away any heat
generated on contact of the returned refrigerant with the fluid to promote return of further

refrigerant evaporated from the liquid refrigerant to the fluid.



evaporating refrigerant fromthe liquid refrigerant

such that heat is exchanged between the refrigerant
wa@eaehba3x ool i ng surface which is thereby cool BC/AU2005/001027

contacting the cooling surface with the anbient air to

cool the anbient air, and using the cooled anbient air

for cooling. , 15. A nethod as clainmed in claim 14

further conprising the step of returning the

evaporated refrigerant to the fluid. 16. An apparatus

for condensing water fromanBient air, the apparatus o

donpr Asicthgd ah@sinbdiyp dria o Elaim hidethenvgmarisin the jtepref gpnteglling

r eef't{alwgr%tre%p tas?tﬂlg re?xii%?lretﬁk Qoind Bred Ellal\{teangﬁgﬁ%lﬁﬁdnpn of the

#%frlgeran romthe solution to produce gaseous

refrigerant; cooling neans for cooling the ﬁﬁﬁfous

ef r i et aselamed malaip{avhgieinthe sep ocPpigpaling e towrate of gaseous

GIRERLS BSihd RErelah Al GuidSbibli @doaiptises @dtiep oBEbrEAROhed«Npoint

having at | east one condensat. on syrface for co ct
8 R S a1 B2 PPOTANG CDRP Al LT P SPEo RO ng
teBRichdatiet ®rfhf ri gerant, and subsequent evaporati on of
gaseous refrigerant fromthe liquid refrigerant;
erei,n t.h sat ' £0r. hej
e R L
anybénsing theitemppyatite att whistoyrigrgendsateoiren therpenbleat 21 ey tinit
anthhRBofQRdansati on surface upon evaporation of the
refrigerant fromthe liquid refrigerant, and thereby
ef fecting condensation of water from.the anbjent air
it o ARG AUBHERE AT IR ths stepef schpg i compars
abrapoimiites domplisd the dépswhaeinng dogedpoatingrgmprrairss.
conprises a heat collector for collecting heat. 18. An
anpPar athisn@Ss Shidled By 3nl bsthd Brdck aitB BlahdTukiRe chigibing the step of
collector I's arranged'to collect solar energy. 19. An
apoliesting walerpondensed PRt thatopdeasarn yurlee-cl ai m 18 wherein
the heating nmeans conprises a heat exchanger arranged

t1Q, t r aAnsdueid therbtidercompiidngy: heat col l ector to the .
refrigerant and fluid, sol uti,on, 20, appar at.us_as.
cl ai ng‘?f“%a %q?‘ﬁioﬁwc’li@regwﬁﬂ& rﬂdtarﬁl]él%h%’a v‘é%’% an g’jeé?gara“?ﬁom the

conpsd;ses a netal jacket ip fluid conmunication with

the h E6bling f lgﬂescégl%rféfﬂgﬂmm such that the gaseous refrigerant condenses into liquid

ﬁg{ﬂned

refrigerant, and collecting the liquid refrigerant; ‘

| evaporating refrigerant from the liquid refrigerant and retutning the refrigerant
evaporated from the liquid refrigerant to the fluid to produce heat upon contact of the
refrigerant with the fluid; and ‘

utilising the heat for heating.

13. A method as claimed in claim 12 further comprising the step of drawing heat
generated by the contact of the refrigerant with the fluid away from the fluid to promote

return of further evaporated refrigerant into the fluid.

14. A method for cooling comprising:

providing at least one caoling surface for contact with ambient air;



21. An apparatus as clainmed in claim20 wherein the
communi cating fluid is preferably . mneral oil. 22.
w@\nooappEsnt us as clained in claim20 and cl ai TP@I/AU2005/001027
wherein the heating neans is arranged to at | east
partially restrict flow of the conmunicating fluid
bet ween the heat collectorand heat exchanger if the
communi cating fluid rises above a predetermn ned
tenperature. 23. An apparatus as clained in any one of
clains 16 to 22 wherein the Héating neans is arranged
t 0 COREdiial « bRadonnga affridehat dnafufiuigle roatnve gavelows raffi ghrant from the
solution in response to tenperature of the refrigerant
atPPui d sol ution and pressure within a container
cont aiciling tHehateosokfiizeron to @ddense hn gespprreftigagang into liquid
claimed in clai.mZ23. rein the heating neans is
a‘i’eﬁ?ﬁr@%tdaw%émg l'?%tﬁ%l‘%g?ef‘?égﬁf‘g reduce heating of the
r ef r i gespantingrefiigetant foors i liquidreftigeranbpiclothel heef 1 exchanged between
t r ' : h.d sol ution and
tﬁg&gﬁ%@gﬁ%&%ﬁc&ﬁﬁ# StG é:%g@%:? g‘ﬁ%ﬁ@ cIlohlga’condens_ati on of
ammonicentiating B gedliog syréace withs the prmpicerairde croll the gmbispin and
39. 5%, 0¥+ W cotia andmon: APtoRBRARAL US as claimed in any
one of c%ains 16 to 24 wherein the cooling neans
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gaspahtsd reafgeiagiad artflui?6. An apparatus as clained jn -
claim 25 wherein the cooling neans conpri ses

? Wt lA@bEﬁ&u%@%dé&fmg@a&% frbih hRGicSRHE MY SppafifusicB@praita;

rom gas_ conpri sing gaseous refrjgerant and gas . ]
evapohsating repespx ating a fpiydon of 2 refrgeran s atlyd, 1 drive cvaporation
Ch@thd R HigbiantGtoRh e uti¥nes Soduck BRe6lisgéitifdrairi on means i s
arr ange& to condense,%ggtgs evaForfat ed fr o%tge fluid.,. ;
28.  AFOHRBRCAIIE SpOliRg e BRScPUF FRILGCENNTUSy IRHEF eAstPUE fr&rieeran
db&ﬁéﬂs&sﬂﬁtb%ﬂuiﬁ?ﬁﬁ&régﬂmﬁd l Ise_s azg i \?ﬁr c‘_oncluuh t. 29. An
apparatus as claimed in claim28 whereip the ... _ .. .
di sti 19 AYAPERIGIAYIE 24 f2F) oRGABHgnabon S E?Q CgigE wighyhe pgbient ai
apRIde i WS anpBd fok ableithgi tie 1R\ reffigeradt, mldabhysqui@ evapoR8on of
further .conprisi efri.gerant .vapour return neans for
r BXERT LT b?‘@@?’é{% ld\f%fg%eﬁ P @%%g’} ated by the
evaponkd @hddnsatibh eurface is amranged for being cooled to, or below, the dew point of
the water in the ambient air by heat exchange between the refrigerant and the condensation
surface upon evaporation of the refrigerant from the liquid refrigerant, and thereby effecting

condensation of water from the ambient air onto the condensation surface.

17.  An apparatus as claimed in claim 16 wherein the heating means comprises a heat

collector for collecting heat.

18.  An apparatus as claimed in claim 17 wherein the heat collector is arranged to collect

solar energy.

19.  An apparatus as claimed in ¢laim 17 or claim 18 wherein the heating means comprises
a heat exchanger arranged to transfer heat from the heat collector to the refrigerant and fluid

solution.



refrigerant and fluid solution. 31. An apparatus as
clainmed in claim 30 wherein the refrigerant vapour
WO 2G06/005182ans conpri ses a port of the evapor atPCT/ATR005/001027

return of the gaseous refrigerant to the refrigerant

and fluid solution. 32. An apparatus as clained in
claim30 or claim31l wherein the refrigerant vapour

return neans conprises refrigerant vapour flow rate
control neans for controlling the flow rate of

refrigerant vapour. 33. An apparatus as clained in

cloai ma32puisiiseis Blainked inf @it I9evharin tiajpatiexchdngey compsses a metal

| trol the fl te of
e o punbtP Y B RE he. dowpol ni of the

anmbient air with the tenperature of the anbient air
flil | ovinragpartes a8 ehaimerdtin qliim2Orvhereioiiel eorarayriesHng tipif sgweferably .
elipPparatus as clainmed in claim33 wherein the
%nrl gerant vapour flow rate control neans is arranged

to det erm ne the dewpoi,nt u t.h enper at ur.e
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clains 3 whe nthe.r r.an r;ol
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condensation surface to conpare it wth the dewpoint.
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conprising a fuser for diffusin
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claims 16 to 36 further conprising heat absorber neans

absor bi t fr. f :
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condensation of the gaseous refrigerant.

26.  An apparatus as claimed in claim 25 wherein the cooling means comnprises distillation
means for distilliﬁg gascous refrigerant from gas comprising gaseous refrigerant and gas

evaporated from the fluids.

27.  Anapparatus as claimed in claima 26 wherein the distillation means is arranged to

condense gas evaporated from the fluid.

28.  An apparatus as claimed in claim 27 wherein the distillation means comprises a riser

conduit,

29.  An apparatus as claimed in claim 28 wherein the distillation means also comprises

cooling fins.



avai lability of solar energy. 40. An apparatus as
clainmed in any one of clains 16 to 39 further
W@ ovpiddBNg wat er col | ection means arranged toPCDAD2W5/001027
wat er condensed onto the condensation surface. 41. An
apparatus for heating conprising: heating neans for
heating a solution of a refrigerant and a fluid, to
drive evaporation of the refrigerant fromthe fluid to
produce gaseous refrigerant; cooling nmeans for cooling
t he gaseous refrigerant such“hat the gaseous
r36f r i gemaprratesc diersd &n dnytope bfi adpirngl 16 te 2P fuydieraumprising refrigerant
r_art . .
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and heat draw ng neans_for drawi ng heai. fromthe fluid
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fAwid sbifien. heating. 42. An apparatus for cooling
conprising: heating neans for heating a solution of a
rgf riger T J j '
2t 11 AR el {0, SIS CURRAL B Lot ks vt
rradans epenraies;refio sryint mepopwlavs rafepniead pleans dotcRriTlingathe ow rate of
rr%rglgﬁrv%gur.such that the gaseous refrigerant
congenses Into liquid refrigerant; an evaporator

havi ng at | east one coal.n urface for contact. with
D ok bty oo o St ANrariRe et TR o8 ratd oneo
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refrigerant fr.o h Lguid refri -
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exodeasmgion befaseeen t he refri gerant and the condensati on
surface upon evaporation of the refrigerant fromthe
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the anbient air into contact with the cool ed cooli _n%
JHGaNis @rrppged %FCW59 the dewpoint by measuring the temperature at which water

" condenses from the ambient air onto the condensation surface,

35.  An apparatus as claimed in claims 33 or 34 wherein the reftigerant vapour control
means is arranged 10 measure the temperature of the ambient air following its contact with the

condensation surface to compare it with the dewpoint.

36.  An apparatus as claimed in any one of claims 16 to 35 further comprising a diffuser

for diffusing refrigerant vapour into the refrigerant and fluid solution.

37.  An apparatus as claimed in any one of claims 16 1o 36 further comprising heat
absorber means for absorbing heat from the refrigerant and fluid solution following the retum
of refrigerant vapour to the refrigerant and flnid solution via the refrigerant vapour return

means.

38,  An apparatus as claimed in clatm 37 wherein the heat absorber means is arranged to

store heat to heat the refrigerant and fluid solution.
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41
39.  An appararus as claimed in claim 38 wherein the heat absorber means is preferably

arranged to heat the refrigerant and fluid solution using the stored heat at times of reduced

availability of solar energy.

40.  An apparatus as claimed in any one of claims 16 to 39 further comprising water

collection means arranged to collect water condensed onto the condensation surface.

41.  An apparatus for heating comprising:

heating means for heating a solution of a refrigerant and a fluid, to drive evaporation
of the refrigerant from the fluid to produce gaseous refrigerant;

cooling means for cooling the gaseous refrigerant such that the gaseous refrigerant
condenses into liquid refrigerant;

an evaporator arranged for collecting the liquid refrigerant, subsequent evaporﬁtion of
gaseous refrigerant from the liquid refrigerant, retrn of the gaseous refrigerant to the fluid,
the gaseous refrigerant generating heat on contact with the flnid; and

heat drawing means for drawing heat from the fluid following contact of the gaseous

refrigerant with the fluid for heating.

42. An apparatus for cooling comprising:

heating means for heating a solution of a refrigerant and a fluid, to drive evaporation
of the refrigerant from the fluid to produce gaseous refrigerant,

cooling means for cooling the gaseous refrigerant such that the gascous refrigerant
condenses into lignid refﬁgefant;

an evaporator having at least one cooling surface for contact with ambient air and -
being arranged for collecting the liquid refri gcfant and subsequent evaporation of refrigerant
from the liquid refrigerant , the condensation surface arranged for being cooled by heat
exchange between the refrigerant and the condensation surface upon evaporation of the
refrigerant from the liquid refrigerant.; and

directing means for directing the ambient air into contact with the cooled cooling

. surface for cooling.



