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PCT/ f YZ99/ 00024 . . TECHNICAL FIELD » ., " S The invention is direct ed to

an apparatus for the production of water fromair. In particul ar§ tue2002

i avention is directed to an apparatus for the production of drinking water.
BACKGROUND' Al There are many known systens for renovinp r from

the air. Thengv? & 9%603 be devi ces which are commonly call ed &ngmou
"dehum di fiers". For exanpl e) New Zeal and Pdt ent No. 270431 to EBAC

pat ent i scl oses a 15 devi ce for extracting moi st ure fom the of NUNGMIMNI

descri bad as bei g a denun di 1er MRt AP PARI ' 2 T eur ot by o
@WWW

conpressor through. an evaporator) which becones cold, and a co

wht chzbecones war ml%gﬂugjgg Figgppassed over the evaporator so th |
nmoisture in the aif condenses on the evaporator, follow ng

passes over the condenser to be’ vvarrretl before | eaving the dehum di f”iG@POZ*If
the water that gollects Tpg iheptioN APERELRH tbanciRSratidfor 4Rl

periodically enters a defrost rmde g\hl .ch, all ows, the I ce toHFrrHec{a%bﬁherefore

creation of ice onWateh °@\Féfpo In-ragticylar, £ inysntan & dissesditq #nyapparatus for

dehum di fier of thithe piddiiction SF &finkisg Wedterri di fiers are not directed to the
production of drinking water but are rather directed to the renoval of

moi sture fromthe air. Devices which are directed specifically to the
productlon of the EBACKGROWUNBIART known. One device called the "WATERVAKER'
i s 30 manufactygped by Electri'’c and Gas Technol ogy, Inc. of Dallas, Texas,
U.S. A This device operates by drawing roamair into the device through a -
di sposable air filter. Tines dreimanycknawn systemstes serovihg wager fearalthagircoi | s

that are made of o iRks Wil Gl @ Aunnlag cmrwtmtéa%gﬁu% lafg=e Fep | o

are kept at a tenperature of proxi nat el sture in
- example, New Zealanq_Patent gl% 9312 FB§ Limited, eqiitierno?

PCTI NZ99100024 fi | t"@iéﬁ&i’nﬂiﬂerw isla c‘aead:emmtpmﬁémsw Zéddrd) ;raeérw disdMkdsa
droplets of distill The wat.er the coils and

collect in a fdﬁnel"%t’t?\é\?m PEERFS "Pﬁ'émsﬁﬁété P’? ﬁi‘%a'é"‘n?)gﬁ' -t AP InveRtien tg
is held inside a Cmﬂtxeldﬂhiemevmzwﬂthpaﬂehslmmmlsld@cwmaﬁ@lal s fully

i nsul ated. There ar h this tech The
apparatus requires %&ﬁ*“&d ﬁ?rw%‘?&hgf’%ﬁgfagﬁgﬁk ag?tﬁ%?ﬁﬁe?%"p &'ﬁ%‘gqﬁfﬂ%?
has been dehumi di f ievdporatar, whichr kecomestanid,. andha adatenisen whicicbedarees warmg, t he
coils, the nelting L&y o ' ' f gﬁﬁ.e
condenser in a rranné?"fd Jl'lﬂ%sfﬂﬁglge? ?‘ﬁé?ﬁ%%ﬁ“m s%éh%%o%ﬂﬁﬁ'—\% ENTI ON .
20 condenses on the evaporator, following which the air passes over the .
condenser to be warmed before leaving the dehumidifier. If the water that
) collects on the evaporator freezes, the dehumidifier periadically enters a
defrost mode which allows the ice to melt. Therefore; creation of ice on
‘the evaporator is a problem of operating a dehumidifier of this type. Such
25  dehumidifiers are not directed to the production of drinking water but are
rather directed to the removal of moisture from the air.

Devices which are directed specifically to the production of the
water are also known. One device called the "WATERMAKER" is
30 manufactured by Electric and Gas Technology, Inc. of Dallas, Texas,
- U.S.A. This device operates by drawing room air into the device through a
disposable air filter. This filtered air then passes through cooling coils that
. are made of a refrigerator alloy coated with polyurethane. These cails are
kept at a temperature of approximately 39°F. Some of the moisture in the



it7iETan obj 8¢t ofthe i HVENtiOR "t 6 provi de an appar at Us™ Wi R TEEt's "o

of the difficulties of prior art devices or at |east to provi dﬁ#ﬁ@ﬂgpl iC
1y ~ with a useful choice. . SUMVARY OF THE | NVENTI ON The invention In the
‘first aspect is an apparatus for the production 20 of water fromair
wherein the Wopog/4sves i ncludes: (a) an air intake devi ce adaptg®ersifooiions
.air into the apparatus; (b) an evaporator adapted to freeze the water
contained in the air 25 issuing fromthe ai# intake device; and (c)
defrosting nmeans adapted to defrost the water frozen by the evaporator; 30
and wherein the volume of air passing over the frosting surface of the
evapor-ator is cont ; I t eb ol Vil C r. the.e orator.
raporator 1S COM A Wil Bohdglse difist solly RBIb o gt RH0054
Preferably the ai rwhierad@eseatet dropletsaupdewn themsile and callécalin @ funhelrthanf
air ®ver the evap preXatan t i ' t. firosting /' ..
area o p CYAPTalO e Mot RAGITR Ahic o8 RIS hN indiE B el Potbe
constant vol une ofWhich hasdis qwe caglifjsosvaten ansds fully insulptedat Theraaes a

variabl e frostisng fngser dfidhtieliies Yvitt tfis QMB%PV.S e% %Fﬂ’ ngé#ﬂg? hmid

reservoir to bolleaj{) the ' ~1Q water created from 0S

evaporator. Prefer Wf‘tsHHQHB‘gﬁQ Atmesnhfren Lncedhe airhas baan dehumidified, the
situated to filteraggaeatas stopey iln@ddiion, apeeicatfofms &R tRs 85T, 2Rk Y%e(s idteof i | ter
is a washabl e or %P%if.sgzsa |, e figteri. ?ng erﬁrlélgﬁ the finer 1s m cron
washabl e fidter. 5P 1D PShieNaT PR PO LF 95° the candansas in ageemneswhlshsor
t o' detect 20 when iainefficdener m ned anount of ‘ice or frost has formed in the
evaporator. ' JRreferably, the air intake device is a fan adapted to draw

air into the alpparatus t hrough the evaporator. 25 Preferably, the air

i ntake device is Wrce air into.the apparatus.
Preferably, the evaporator nmay Include one or nare helically . corrugated
conduits as described.and clained in International Patent 30 ' Application

Number PCTI NZ93/ 0008} is(aR hiecs|of she inveption 3p Providroan spparatusonhichynésts| ude a
plurality of intersypRnerttcifftiultfes of prior art devices or at least to provide the public

15 -+ with a useful choice. , -

SUMMARY OF THE INVENTION

The invention in the first aspect is an apparatus for the production
. 20  of water from air wherein the apparatus includes:

) {a) an air intake device adapted to move air into the apparatus;

{b) an evaporator adapted to freeze the water contained in the air
25 issuing from the air intake device; and

_(c) defrosting means adapted to defrost the water frozen by the
© evaporator;

30 and wherein the volume of air passing over the frosting surface of the
evaporator is controlled by either the air intake device or the evaporator.
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' Preferably,wbhe/segporator may include a plurality of fins lpefinghoRbozs
least 4 fins per 25 mllinmetres of coil. Mre preferably) the evaporator
ihcludes at least 6 fins per Z5 millinetressof coif. . , 5 ~ Preferably,

t he' evaporator is cooled using a conpressor and . condenser system
Preferably, the condenser may include one or nore helically corrugated
condui ts as descri bed i 1 2931 0 _Preferably, the
conpressor and condens?&%@é@ﬁﬁﬁhﬁﬁaﬁgnﬂs&e ge&ir'!’o '5°Y:5)ﬂé@ﬂ§bta¥, and a
plurality of capilveume ofipizoventhe evaporaier avhBier eMaperatords ot esnstapt frosting y
of interconnected ggils and the capillary tubes feed directly into the
evaporator ‘coifs, and wherein the conpressor 15 provides a gaseous
refrigerant under pressure into the condenser, the cooled refrigerant

exi ting the coNenser  avefr vhelaiiiike Bess W Auabich ichah JILRRLFY L0 the

capillary tubes via a hi pressure feed, the capillary S n" passi ng
the refri-gerant inVQiU'Qa§g@[§§Vﬁthﬂ PYAPSratRR R, HfPvaperaten han awariable frosting
refrigerant exits ggaa gas under |ow pressure and returns . ~ 20 via a | ow
pressure feed to the conpressor, and wherein the systemis a closed system
In one preferred form of apparatus of the present invention the conpressor
and condenser system neBreferabiifcthei appacatus further inclypdesscaséroviapacallest thene
adapt ed, under,, pre- ] C i Ld | e hot gas refrigerant
fromthe corrprIeosso‘?’a&ggg{ﬁ%eér]ﬁtgﬁ‘egéﬂ#fgagﬁetatﬁgp(gr\g/g%br ator to nelt any ice or
frost formed on the evaporator. Preferably) a sol enoid valve nmay be
provided in the secondapudrhilg, iralacbaidluy MrtrRRiciRkd DL ritkr iflfnfd's 05t
sensor. Preferably, the plurality of capillary tubes exits troma filter
si tuat ed between tﬁ'éerébaialflfﬁ‘wng wegpaﬁgt%e hi gh pressure feed fromthe
condenser. . r 2 6 AUG 2002 WD 99143990 5 PCT/ NZ99100024 Preferably) at

| east one of the capillary tybes enters the. evaporator . .coils at)
or, adj acent told the basé’%?’aﬂMea@v@%r'%?dYafsmgé ora és%ospplgffgqe&m y, the
capillary tubes enter the evaporator coils at a variety of positions about

t he evaporator. Prefer taﬁﬂgergﬁlg&h\éaﬂiﬁ’ i@bo%c%e@agﬂab# ﬁ%r_of the capillary

tubes. 10 Preferably, € gasebus refrigerant exits e evaporator fromthe
top portion' of the evaporator.

Preferably, the defrosting means includes a defrost sensar to detect
20 when a predetermined amount of ice or frost has formed in the evaporator.

I ‘ Preferably, the air intake device is a fan adapted to draw air into the
‘ apparatus through the evaporator.

25 Preferably, the air intake device is a blower adapted to force air into
the apparatus.

i’referably, the evaporator may Include one or more helically
corrugated conduits as described and claimed in International Patent
30 ° Application Number PCT/NZ93/00087.

In an alternative form, the evaporator may include a plurality of

interconnected coils.
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Preferably, condenser is cool ed by air drawn across the condensqrﬁ py
suction fan situated inside the apparatus or blown across the 15 conden er
by a bl ower situated outside the apparatus. Preferably, the defrosting
means, the air intake device and the ' tenperature of t he ev grator are
control | ed WQ%4¥%gi e central processi ng uni t. . Lo CF/NBP3/00024 e
apparatus includes two water reservoirs, the first , be| ng a tenporary
.reservoir being used for tenporary storage of water follow ng nelting of
the ice/frost fromthe evaporator,rthe second" being a ' pernanent
reservoir into which the water fromthe tenporary reservoir is ' 25

noved fof |onger term Srefesahly, thaevpronataremay ireheteva pluralion ob fing hading at

Preferably) the t r nsors a apted to
i gger & purp. t o WG (o0 PR FRlineRas K8 o8, WO 'arafRii, 150 ReGodtey Lo

t he “per manent r esdnglodes atdeasertfins pen 95 mntlmteqemsfrmlus further includes at
| east one disinfecting or filtratiomdevice adapted to further purify the

water. Preferably, the filter i$ an 6zonic filter or an activated charcoal
filter. Preferdbly, t higPrafesabiy.ctbe sivaperaor is coelediusing diremnfeesomnand

S Lbeosritrwen, rcoWHené’ers?éTéﬁ\. ......... nr. ~ .. .W-~—...... R
=R o~ W WSS = rrnr, W ~ L TWee LW N

T Wz 6~ UG 2U02 WD 99143990 PCT/ NZ09100024 6 Preferably, the
filtration and/or disi fdritg, mg\eoﬁaenger%éwmcﬁﬂebﬁkvu?%rhhﬁn&ﬁﬂpor ary

dth t t '
Uoea The f111rat FOIREIE nching *agoremEg e Beimed AL TINERIISor o the

reservoir, or)ioafter the reservoir and before outlet water tap. In a
further preferred form L r n nvention may further
i ncl ude a heat exchangeé §e<5%ﬁ£’a{h% %@Ls{%%nﬂ %%g?ssef%?ﬁe%@c'fga %Srrpressor)
' Preferably, the ¢uogressarhacgedensay; andcd plisality of sapillarytitbés, wizereiatthe t ank.
15 Pref bly, ¢ t

referably, sa fep :hcshgfgemﬁsmb@}ﬁn&?camfeﬁ dofls aga tﬁé‘%?grﬁgwe o

via a sol enoid val ve enol d va € con
the central proces%ibagfead @'fecﬁVé‘P"értBBIWaP@'ﬁthLﬁqllét and Wﬁﬁ@ﬁetf@ommpftesﬁélt ur ns

to the outlet fs On%rbbﬁlegg d-‘a‘éﬂmﬁéﬁl_;ferant HcRE Pradiude SRR hskr, the t her

i'ncludes an air te (gegre cont r todcontrol he te erature of. the

air entering the a'fg%i? feidgerant exmng t e condenser as a liquid under pressure and

being directed to the capillary tubes via a high pressure feed, the capillary
tubes then passing the refrigerant in a gaseous form into the evaporator
from which the refrigerant exits as a gas under low pressure and returns
20  via a low pressure feed to the compressor, and wherein the system is a

closed system.

In one preferred form of apparatus 6f the present invention the
compressor and condenser system may further include a
25  compressor/evapaorator line adapted, under pre-determined conditions, to
enable hot gas refrigerant from the compressor to enter the coils of the
evaporator to melt any ice or frost formed on the evaporator.

Preferably, a solenoid valve may be provided in the secondary line,
30 said valve controllable by the defrost sensor.

Preferably, the plurality of capillary tubes exits from a filter situated
between the capillary tubes and the high pressure feed from the

condenser.

R U e N e— i s



.25,The.ibventi.an in.a.secaond.aspect..is..an apparatus—for_the production_of .. .

“water fromair wherein the appar at'us i‘ncludes: (a) an air intake device
adapted to nove air into the apparatus; 30 (b) an air tenperaturel 6 AUG 200
~controller which controls the tenperature of the air entering the

appar at us; . WD 991 43990 7 PCTI NZ99/ 00024 (c) an evaporator adapted to -
freeze water VOM43%¥Rd in the air issuing fromthe tenperatur @TEVEIOE4, ;
and 4y .1 . ~4~ (d) a defroster, adapted ts0 defrost the water frozen by
tile 5 evaporat or. Preferably, the apparatus further includes a reservoir
to collect the water created fromdefrosting the evaporator. 10 Preferably)
"the apparatus further, conprises an air filter situated to filter the air

noving into apparatus. . Preferably, the fitter is a washable or

di sposable filter. 15 laY E{‘Sé'o?ttﬁ‘écé I C ||l ter.
Preferably) the defros?eggfakeﬁpgi(eeg e rost sp;in ?u&sgc? %?ﬁgﬁgaﬂgé‘ora{

pr edeter m ned anoeils 8% qr@élaéﬁﬂ"fmoyt?._hﬁ%e ehoiecavaparatete evaporator. ' 20

Preferably, the defroster 'is a conblﬂatlon of a warm ng of the evaporator
_and an |ncrease in the tenmperature. Qf the air issuing fromthe tenperature
control ler) 253, Prefea8feiebiv e 5?9'"?%"5?%5 BB the ?‘saparart@rncmmtaewarte@/dr aw

air into the appal’cﬁgégniﬁhgabmtﬁbl’evﬁm'm’ratUI’e controll er and through the
evaporator. ~ 6 ~ 2002 Preferably, the air intake device iis a bl ower

adapted to force air 30 into the apparatus. Preferably, the evaporator
includes a plurality ofPrefetablycaTiXeeaiwaimaydm Used in lieu of the capillary tubes.

10 " Preferably, the gaseous refrigerant exits the evaporator from the top
portion of the evaporator. :

Preferably, condenser is cooled by air c!_rawp across the condenser
by a suction fan situated inside the apparatus or blown across the
15 condenser by a blower situated outside the apparatus.

Preferably, the defrosting means, the air intake device and the
temperature of the evaporator are controlled via a single central processing
unit.’

20

Preferably, the apparatus includes two Water reservoirs, the first
being a temporary reservoir being used for temporary storage of water
following meiting of the ice/frost from the evaporator, the second being a
permanent reservoir into which the water from the temporary reservoir is

25 . moved for longer term storage, one permanent reservoir can be used.

Preferably, the temporary reservoir contains water level sensors
adapted' to trigger a pump to move the water contained in the temporary
reservoir to the permanent reservoir. '

30 '
- Preferably, the apparatus further includes at least one disinfecting or
' filtration device adapted to further purify the water, Preferably, the filter is
an ozanic filter or an activated charcoal filter. Preferably, the disinfector is

an electrical disinfector.



“Preferafly, e evapor At St “rnehudes T At Pl urdl TTY ot T s having T ate - east— g e
fins per 25 mllinetres of coil Mte preferably,the evaporator Lfé:l@gl@@ at
|l east 6 fins per 25 mllinmetres of coil Preferably,the evaporat 5”061 ed
‘usi ng a conpressor and condenser system Preferably,the air tenperature

controller iwnahbslesg first air tenperature sensor situated atpeqinAflogeant
.to,the entrance of the air intake device;and an air heater/cooler

posi ti oned between the first air tenperaturé sensor and the evaporator O
Preferably,the air tenperature controller includes a second air

tenperature sensor position between the air heater/cooler and the

evaporator Preferably,the air tenperature controller includes a third air

tenperature sensor positioned such that the evaporator is interposed

bet ween the second air Preferably; thefikratiooranaiian disinfdetingl davice (£smestad ur e

Pr ef érabl y, t he hea Moo Lo, nfroller includes a
conbi nation of an g?ﬁéﬁ%gigbgrtegﬁa}agﬁg%eév %F?R‘?IE@%\F %’ﬁ"é?’g'aﬁt §SGVPIr WhRRReNg
directed between t Remianest reservoirdapised the Sitsation/disinfedting deice hesyabs v, t he
cold airflow isedi ; : dj Ird air te ture
sensor and is ¢ 'anhgﬁlg’zﬂ{ %&tgteteﬁgrrgé&gg?hggn %ﬂtlé"Pes.ER)\? frj"%_bwr.e@“?.[e-%--

) . . . . . . .watgtap~ ~ G; Q02 V\099|4399Q PC' T/ Nz99/ O0Qz4 9 .

In a further preferred form the apparatus of the present invention
may further include a heat exchanger connectable to the outlet from the
10 compressor.

Preferably, the heat exchanger may include a conduit within a water
* tank.

15 Preferably, said conduit is connectable to the outlet of the
compressor via a solenoid valve. Preferably, the solenoid valve may be
controlled by the central processing unit.

Preferably, an outlet from the conduit returns to the outlet from the
- 20 comprassor.

Preferably the apparatus further includes an air temperature
controller to control the temperature of the air entering the apparatus.

25 The invention in a second asp'ect Is an apparatus for the

production of water from air wherein the apparatus includes:

(a) an air intake device adapted to move air into thé
apparatus;
30
{b) an air temperature controller which controls the

temperature of the air entering the apparatus;



the first..air tenperature. sensor and.the air heater .via.a ducting_system_ . _

Ahich i's constrictable in response to cold-airflow requirenents. ~ .
_ .. _ Preferably, the tenperature of the airflow fromthe tenpera?ﬁnfém@ﬂﬂl
controller is between about 25C and about 36C, nare preferably ' between
about 29C end_about 32C. Preferably, the defroster, the air tenperature
_controller, tWORM9ntake device and the tenperature of the RCHNZIN®24are
controlled via |0 a single central processiqng unit. According to a third
aspect of the present invention there is provided apparatus for the
production of water fromair substantially as herein described and with
particul ar reference tci Figure 4. 1 Trbe in &%i on, in a fourth aspect, may
be seer to be a closed Foop NEPPYRFUA agit,%ci/ RHfecaten epntdined dn ghepr essor

a condenser, an ' evapor at ory; iy by el | . es; wherein
t he gyaporator includes a plagﬁg%'t%y of int%?hggilarﬁg%ﬁaﬁgr%{%f%ﬁgand t he
capilTary tubes feed 20 directly intg the evaporator coils and wherein the
"refrigerant feed from,¢ he compr of= e eyaporator via the condenser
is-a high pressure feec@) and ﬁpsiﬁé?%grﬁ%%ggtﬁieﬁf’%ﬁh?ﬁé“éﬂlﬁﬁﬁ%@\bﬁhﬁo t he
conpressor is & | ow pressur @vigsrdlorand wherein the high pressure feed from
the condenser to the evaporator includes a single feed exiting the 25
condenser and the plurality of capillary tubes entering the evaporator, the’
single feed providing t [ ' ildary tubes as liquid
and the capillary tubes':bgfre éﬁ%itﬁggﬁﬁgaﬁfﬁﬁgfgﬁwdﬁat'ﬁ?"é?)%\fﬁ)?%’f as a
gas. 30 Pref erabl ythetWatersereaged ffone defrastingithet dvape@gienser enters a
refrigerant filter ‘fromwhich the plurality of feeds exit. WO 99/ 43990
PCTI 1YZ99/ 00024 10 Preferably) the plurality of capillary tubes includes
between . ~ ahgut 3 andrafarikly, tRe APArEhA tirthebESmp searl?pzﬂleiiﬁér phtPOut S
capillary tubes. . - ' 5 Preferably, at feast one of the capillary tubes
‘provi des gaseous rteffitierieasit moning itpcarRAiBYEat or tubes at) or adj acent to,
the base of the evaporator. 10 Preferably, the capillary tubes enter the
evaporator coils at variety of positions in the evaporator.

. oo Preferably, the filter is a washable or a disposable filter.

15 Preferably, the filter is 200 micron washable filter.

Preferably, the defroster includes a defrost sensor to detect

when a predetermined amount of ice or frost has formed in the

evaporator.
! 20
Preferably, the defroster is a combination of a warming of the
evaporator and an increase in the temperature of the air issuing from
the temperature controller.
25 . Preferably, the air intake devics is a fan adapted to draw air into

the apparatus via the air temperature controller and through the

evaporator,

Preferably, the air intake device is a blower adapted to force air

30 into the apparatus.



“Preferably) T he gassous T ef i gerant "X t's {he evaporator vibes T nrhe T T

evaporator fromthe top portion of the evaporator. 15 Preferably ﬁ%g?Uﬁabﬂ\fe
may be used in lieu of the capillary tubes. Preferably) the conde ¢
-cool ed by air drawn across the condenser by a suction fan situated inside
t he apparat uwsoifsbaawn 20 across the condenser by a bl ower siplcadi-£4,00024

.outside the apparatus. . O her aspects of the present, invention nmay becone
apparent fromthe follow ng description whidh is given by way of exanple
only and with reference to the acconpanying drawi ngs. . DRAWNGS The

invention will be described wth reference to preferred forns of the

invention as shown in t Resfetably; tieelevappuates indiuddshe plarlity 86intatBofhddtRE 1
shows a cutaway schepatic representation of a waternaki ng appar at us;
99143990 11 2 6 ~9@[$002 PCT/ NZ99/ 00024 FI GURE 2: shows a schematic
représentati on of the apparatus incorporating a.hot gas de-icing function;
-. _ .~_ . 5 FIGRE 3: shoves a schematic representation of the apparatus
further including a heaPrefarabbygies evapdratBoiticiddessd plurality Bf Bh$haRAg aer M Of
the invention: 10 TAl LED DE | PTION CF, I nyeption .. The invention is
directed general | y'e@8t 41insRes <3 MUlimefres ﬂfe"%‘xo&?&? Paiersblynthecevanooator he
air. The water cou el hdplo i i itable filters and
ot her treatnent de{#g@g-sgﬁﬁsﬁglfhr%e%é?gglgxgﬂlhﬁweg%gcgg used for other
applications as will be readily apparent to a skilled person. It has been

found that water can be_efficjently renpved frgmthe air by freezing the
.water on an evaporat or ffef§rﬁ§lyt. é'?ﬁpé\l%ﬁoﬁ?t@réﬁ cogled 4ping aramRsessaR @ndhe '

evaporator is hel deghddmser §@ftérai N tenperature limts. The freezing capacity
of the evaporator (based on conpressor size/evaporator i ' size) is
constant as isl®he volune of the air crossing the evaporator (i.e, a

. constant speed fan was pf{%@é@l@{e %?g')’ﬁaﬁtt%'}gem\%%géﬁFa{’ﬂ%‘hgg‘FF%iLé"eent ering

t he apparatus could be a by varyi € spee d, if .25

necessary, in resptemsmerature bendoesiteatat tate oo hdjabentab] tHeNdrRFanBs of ke dRVi Ce
but this was limtgd as,the air .te re was w thin a defined

' r at el'd i
t enperat ure range. m%%e %W?edtﬂ“gsa"a?qgR%ﬁ&FB?'F%B“BE}”E"C@HWPQ‘D the Hed sl ng
unit of known considriisdrifife sbnsbi’aRa the dvapdragdied to this application and
the follow ng disclosure wwth reference to Figures .1-3 repeats the
15 '
Preferabiy, the air temperature controller includes a second air
temperature sensor positioned between the air heater/cooler and the

evaporator,

20 Preferably, the air temperature controller includes a third air
temperature sensor positioned such that the evaporator is interposed
between the second air temperature sensor and the third air

temperature sensor,

25 Preferably, the heater/cooler in the air temperature controller
includes a combination of an air heater and a cold air flow, the cold air’
flow being directed between the first air temperature sensor and the

air heater,

30 ) Preferably, the cold airflow is directed from the area adjacent

the third air temperature sensor and is channelled to the area between

s



.30 .disclosure of this invention. Wth reference to Figure 1', the a}pgamt us
! Tncludes a suction fan 2 .. which draws air fromthe at rmspher?aE Wou
surroundi ng the apparatus 1 through an air filter screen 3) over a first
air tenperature sensor 4 and thus intothe ZF f ~I~ t~~2 WO 99143990
PCTI N299100024 12 ado aratus 1. The air then passes through an air heater 5,
over a secondVQi%/43 9Eerrperature sensor 6, and then through anPEFAFSPAGH 7.
An after cooler '- . air tenperature sensolg 8 nay .be situated between the
evaporator 7 and . the suction fan 2. The evaporator 7 is connected to a

tenporary water 5 reservoir 9. This tenporary water reservoir 9 includes

wat er | evel sensor 0.and i s nne i water feed 12 to a nmain water
reservoir 13. Thetafa#ésrt af'&éﬁ'pf%?‘f%cﬁ%hggrsﬂma& F'?th’t\é‘? 2 pycting RETeM punp 15
and a water di si nfiRis déhstritisble WRiebohePth dald Mh¥lod réQuifeRfdnile a recycling
optien via recycling return valve 17 to the tenporary water reservoir 9. 10
The apparatus-1 al so includes a cold_ air duct 18 which |leads to the .space
between the first air t A &L ai,r _heater 5. This .

cold air duct 18 can beﬁ%%gar? d%?t%ﬁége'g{uﬁéﬁ?ﬁeeggﬁqw&?"b SEMPEERTHE  pl ate

actuator 19 onstheohtrolletes besween gbcat 25°C@nd 2Bout 36°G; MM pidlerabgtr € 1 ( the
15 ~ air deflector plates 20, 20a are i osition which would allow air

in_a

to flow through tRetyeen akeut 28°¢ ang Q?Pﬁmz?é)-om t he surroundi ng ' at nosphere
via the suction fan 2 over the evaporator 7 and a portion of this air) now
cool ed on the evaporator 7, .is-deflected into duct 18 via deflector plate

20a. Wien defl ector pl dreferdbiy,ahel defdestar,cthe rairtteenpetaisrectop@oiidr] e aif 2 t he .

20 action of defl ect late actuator 19, defl ector plate 20 closes the air

duct 18 and. def | edTi3ke JPUEe ang he temnsratibe 8, the, FVapRERtar AR captrelied WiAr bei ng

drawn thr oughlbhe'aagﬁge%ﬁﬁa@yo&ggﬁ,qu{,ah 2. The tenperature of the cool
air . passing through duct 18 18 determ ned by after cooler air tenperature

sensor 8 positioned between evaporator 7 and fan 2. In response to air 25

[ f th | ai iti h
evapor ator 7. the duct ASoge oo SBFE I of 15 PredtROR oD aheBd or pl at e
20' . The sensors Zrovdide@apparatusfort thergroductidnoof wated foeniir slbsparmptigBsng uni t
35 whi ch processe b Sl r i i in the art. 30 The

el bth4eb i TR 01t Birduldr r2raHIRYY Fid)

apparatus 1 all§o i es a sy rcrrcu 1 ng ferf‘ger apt through
t he evaporator~7. The system shown in Figure 1 in apparatus 14s a closed

system i ncluding a corrprmaaéntm;, wha e&udmaﬁgc@',q{aggibgqeﬁ fPpElgREREd22 Via a
hi gh pressure feed 23. A suction fan 24 draws air fromthe atnosphere

surroundi ng the apgpep &flgerant fystemyrvhichingiides aeqmpressor, a condenser, an. .. .
, eglaﬁo}a_tar]altj a pluratity ¥Ocati4ty 4890es; éi%@%%%g?a%o}?’aﬁg ove

the i:'o.ndé.nsé.r_z.z. The air then continues through the appar
exits via the neshneclgdesa phaality ohintersndoenting @ills iagdtthe papiitany eutiesdeed

evaporator 7 vj,a a,high.s essure frigerant feed 27,.a refrigerant
filter'28, an Ocap@mcglwntpﬁbggv%ra{ °8H%Rﬂgi“ﬁ’e{ﬂ% ha tedrigeram fﬁ?fg AMhent of
the invention in FhgWdinpkessoh€d thedévaapbiater ¢iahé lcdhderlsbi8 S MbH BrosSist
refrigerant filter 28 and feed the ' refrigerant into the evaporator 7 at a

hi gh pressure. Thefegdpand efjoeramdsed frophthe eyaperates taide soopressat isa vari ety
of positions, for EWHI&E&:@%&QEM wikrein the high pressure feed from the

condenser to the evaporator includes a single feed exiting the

25  condenser and the r;lurality of capillary tubes entering the evaporator,
the single feed providing the refrigerant to the capillary tubes as a
liquid and the capillary tubes providing the refrigerant to the evaporator

as a gas.

30 Preferably, the single feed exiting the condenser enters a

refrigerant filter from which the plurality of feeds exit.



“'t“O“a'ﬁd"‘f"rTé"refrr ger AR EXTTS TFOM T he top Qf “the evapor at‘tiT“T"ll’ﬁTiYUﬁ%w"'“‘"“
pressure refrigerant return 31 to the conpressor 21. As shown in Figure 1,

the apparatus 1 also include a breather and water |evel sensor 32 in the

-mai n water reservoir 13. The breather and 15 water |evel sensor 32 al so

i ncl udes a brwgtdoanoohi | ter 33. Attached to the nain water resepmggg’l,&mﬁ a
tap 34 fromwhich water can exit the main water reservoir 13 in a

control l ed manner. Apparatus 1 further incll@des a central processing unit

35 which 20 controls the anount and tenperature of the airflow aver the
evaporator 7, the airflow over the condenser 22, and the tenperature of the
evaporator i 7. The central processi ng unit 35 also includes a defrost

sensor (not shown .which will dete ac\f/{r(nen t here has been sufficient ice
and frost build up in tﬂféfaéibé\bdhﬁtp algty apfllaphtubss inclydes (Hetween | |
det efri ne when 25 i f | 0,0 evapgr at and
. when the air terrpegrbgtﬁh??nﬁjl%\%b@% %g%?%@%ﬁbb’g 0 &;érlaé'yr?&ﬂ" q'\?né
heater 5 to nelt ttakes.ce/frost on the evaporator 7. The central processi ng
unit 35, in effect) controls t he operation of the apparatus 1 in total. 30
_The evaporator 37) in one farm includes a series of coils which conprise
bet ween about 30 and a [TaleTn t orator
7 will include about 4??&%&:%&9 ttl?‘t?gg,f téggr%pm gthﬁén?ﬁ]oé?gseggaﬁg er
preferably angl ed,refrigesantTiitertbe eugpdratdsaubesat, foo adjaaert 0| ¢ bidencr ther anged
over every 20 to 30 nillimetres of the connecting 2 6 ~tUG 2002 WO
991 43990 PC TI Nz9FV3B8#5°f14 tubes in the evaporator 7, and there may be 6
angled fins per 25 mllinetres of each tube. The connecting tubes are
preferably fornmed of . ~~-~"' one mllinmetre tubing, however) this may be
repl aced by amf sui t ablRsefesabi.che capillaty tbegjenterishe Rwaponator toits art . The
evaporat or 7 may % t ubi ng which can be
i nt erconnect ed tohgﬁyﬁg{/vgfé?srﬁfcjd‘grgﬁ g]claécp'(l%tv?\:/""throughout t he evaporator 7.
The nunber of |ayers of tubi ng may be between about 3 and about 8 as

desired. The evapor at or rnatrve be formed of a nesh materjal with
openi ngs of between abdUe %a SW?Wsnéﬂrr’%‘ga"Wtét 9@?@?%1409 tybes in
mllinetres, alth%efavaaarrafdmra?mﬁe fEbSBorﬁ%njd?tﬂé leba dPfoKNOWN in the art
could be used. In the nost preferred form the. openings will be
angledfromthlélrne of initial airflow entry. A , further alternative

woul d¢ be to- use angl ed al e eva rato W th
evaporator tubes at the B gﬂi%"z?aﬁ)ﬁgagéﬁwﬁg&éWoltﬂb'o ‘Pﬁéaﬁﬁa%%' ®¥hus
allowing ice/frost to formin the angled plates. 15 In an alternative, and

preferred formthe evaporator 7 may include one or nore helically
corrugat ed conduits, th%’efﬁ"a@‘é-c’i'i‘ec%ﬁ‘ﬂﬁﬁe’d%°H‘é‘§§|byt?§cﬂrawa asressitbg i n

international pat &rndapeér' smmrrofan%%m%ﬁﬁéﬁg%gap &.Q P YIS
specification is specitically.incorporated herein by re erence. 20 Such
helical |y corrafyat zstosotheuiondensey byl asblofner situbtedonitide tHe agparatus. condenser .
The air filter 3 may be of any suitable form Preferably, the filter is 25

a 200 m cron washable filter that may be rempved for cleaning as necessary.

This filter is not esseerneags*&t; G@:msreaahpmveﬁmﬁﬁa@age&ﬁéu Q%Teﬁ?ﬁ%twm

in Figure 1, as will "be-rea ri:)arent to ppar at us
1 al so includes a mferlowmgtc@scmt ehwhiehds givandey WPYP(GeXﬂTnE@@ﬂmwﬁ)éV'E‘F any

sui tabl e type, howeNelenc&tetHe dccampaR@ingairgivirigaf ectors as 30 known in the
art will be preferred. Water. filters such as ozonic filters and activated

charcoal filte for exanple could be used. As will be readily apparent the
filter and disinfeDRAWINGS be omtted if desired.

The invention will be described with reference to preferred forms of
the invention as shown in the attached Figures. In the Figures:
30
FIGURE 1: shows a cutaway schematic representation of a
watermaking apparatus;



.2 B,AU GZOOQ V\Q 991.43990.. .15 PCTI NZ99100024 As can be seen-in-Fi-gure-i,
WO TANS 204, ‘are used t6 suck air into the apparatus 1. The fans are
preferably 800cfm fans) but can be replaced - -~ by any sui t abb dUaed ce as
‘W 1 be known in the art. The fans nay be replaced by air blowers

d~ simiar devices far exanple. The airflowinto the ' S apparatus 7 is

i nmportant to woaeyefbo ci ent running of the apparatus. The fan ggeatdB0024
usual ly run between 280cfm and 800cf m dependi ng on the size of the ,
dpparatus. It is an optional feature of the“apparat us 1 to Include an air
speed sensor to determne the nost efficient airflow, if the airflowis too
fast, then ice/frost will r50t formin the evaporator. If the airflowis
too 10 slow, trlen it will tend to formon the initial parts of the
evaporator restricting alrflow o the evaporator. The air tenperature
sensers 4, fi and 8, asFIGHREZ; nsqﬁ"‘tiﬁécﬁem%’%’%F§§€ml°ﬂ@féim;apnﬁrattat t he
terrper.ature of the air passing onesrpbfRing™ m%m@;ngrfugcﬁc% mai nt ai ned
within a sat tenperature range.-.The {&nperature of the air passing over the
evaporator 7 should be between abeut 25C and about 39C. Wth a tenperature

of between abous 29C angiGUREI8; 3sHowy &Eehematic Fﬂpﬁesahfatxbﬁféﬁﬁ@h daff3NSors

+4) 6, 8 can be of any sui uitable t con ect ed to the central
processing unit 35 in 20 the app %PE‘QEW'441 ?‘Eats t he _central
processing unit 35 can control the tenperature of the ai r fl ow ng across

the evaporator 7 via th n %leﬁ ool airflow
froma duct 18 via defIg"g"jtjﬁrﬂﬁ.)"faéﬂowh 8fpré§8ﬁeg éf Qﬁ“ﬁ“ﬂ‘é‘%ﬁr 5 may al so be

of any suitable formbut will preferably contain a nmash havi ng bet ween 3

and about 5 m hji MpETANED SESERETION dmm%@g_thPr eferably, the squares w |
be about 4 mlIlinetre squares. e alr eater 5 should be between about 15

and about 25 mllimetres.in wwdth with a width of about 20 mlLlinmetres
bei ng preferred. The wi g¢hé |mt18ﬁ$d"ldlﬁ3dﬁm§emﬂlﬁl’oeam@;§pa€&§§%,I-lEHe el enment s

of the invention and 1S this

" particles to be ev8h‘1°@‘°§ g&%ﬁ\?@ﬁ"%?k 5 Wﬁﬁgﬁﬁﬁwdtbﬁé‘sﬁég?'ea""k%

di mensi ons of the arovidesbsuitable filtdrs andptharnittdatmhbnt devioes afe Ineuidad mrrooulds 1
as wll be appgke r ety of
met hods by whi 2?1 thf?gggﬁ%h.gpgpﬁ?é@&% ‘Hﬁ{%e&%&%wéeﬁo% E'c‘e(‘)léln rdol i ng
the air tenperatur®e#eB-t he heater 5 and the cool ai rflow via duct 78 may
be replaced by a variety of other 2 6 A UG 2002 WO 99143990 .
PCTI N299100024 16 ' nethods. A si ngl e heaterlcooler unit in the position of
the heatér 5 (as shown IhasiRRENGOYNY thifh WRFeE R Pe &tisiestly demov e from the air
heat er/ cool er unit bydrdeding-the wateombAievapdrbtordl thettenmperatird/o? thk bfti n t he

apparatus 1 as hofesireas i Eby R pais wisnib L3R e RRralire i o 1T br ough
the evaporator 7, tfreszing rqaaaeltwofeﬂ'@fevahmatcm (baseginah ¢céreprdssarsidetsvapofatohe
fins and, tubes in sﬁﬂg?][ rost lﬁ‘taQrIs the volum\mif‘?tﬁe SP'EJFHs@ﬁ\gttﬂe ’E?éﬁé&fb‘? .8

efficiency of ice an ormation on the 10 evapor nent 1 oned
previously, there oBstany apgesh fanywagjengfarally usad). d'Ehﬁ Yauymeerf the ai"@étﬁtﬂb"g

thus reducing the ehéapparatis wuxdbeandewb@ye\ﬁarﬁﬁg@ﬁé do‘fhﬁé?ard@&é&ﬂml fiers
have nechant sns _desi gned tqQ reno i%ﬁ"ﬁlnté so for

dehuni di fi er opfdr at'® ﬁaﬁdpémse "?fﬁb?ﬂ"??t?fs BP"t%e’ir}ﬂ/@ﬁtqe&'f"es%m
in Figures 1-3 rel ithizs waplmitad eé the aie tdmperatiire Wasrheld within addfifedst | n t he
evaporator to prod [ i e
wat er producer. The{gg" u'la%ﬁ% “di ng g%rﬁéebqef%%o‘e??gu%oﬁg ?%Hﬁaléjarggérgas‘?@r
provi des an evenly Y5l eﬂmn eqmstgmlam Fme&:i- i #ttached ¢y this mpplinatipn andus
ensuring that ice ajpgd fBlicRﬁuh?%%ci&hf@‘&ﬁtﬁﬁefe?eﬁdé%ﬂ@%nlr@éj1%“1%999%&%& the
evaporator 7. If ice forns toq rapid front portion o

evapor at or near¥st. @'ﬁF'ﬁ?We@ﬁF’W'"‘{eﬁF’g"‘w || prevent the apparatus operating
efficiently by stopping airflow through the evaporator 7 and restricting
ice formation to that frv\m_‘ rtlon FZ AE warmair enter

evaporator 7) the ni st ufenin grenceie figue 1. itae ap%?ﬂ”éd 'Qﬁ’HdF%Prﬁb’c'f‘?"(‘)ﬁ“ 2nd
ice.in a controll edwmnrtﬁréwwatrhwmttheaﬁwmeaészrrrohnd‘ﬁlg&ne %ybérlaﬁjsemhﬁongst
and ice has forned, on t?& eva tor 7% a? term ned Jﬁytﬁ senﬁ_’
(not shown) in the ¥bATMEF f)?’ sPYﬁj figsg air %@perlaﬁge?fﬁ%sﬁrd' et Ent

to evaporator 7 is stopped. and the heat



307 prow “ged by “heater BTTS TaKi i séd So the ATl ow mel TETTHE TEe AR Frost
in the evaporator which collects.as water in tenmporary water reserMdilis 02
Alternatively, the tenperature of the airflow could renmain at nornal
‘running tenperature. This would, of course, nean that the icelfrost nelted
| ess qui ckl y Wi ysa990 2 6 AUG 2002 WO 99/43990 17 . PCTI NZ99canazR/08024
further enbodi ment would involve the provision of a hot air '.= ~ bl ower
(not shown positioned externally to appard2us 1, as shown in Figure 1,

whi ch woul d blovirair at a set tenperature through air filter 3 and 5 over
t he evaporator 7. . Provided the tenperature of the air fromthe bl ower

|d be ad t | F 1
Chen have. t he opPPafsill 12 Tl 436 aRas Birkior of BicHUBHD o, Byt d5hFand AR Lo s
4, 6_and 8) the cf@mmragur@msmra@.umdﬁfend@mmm eyHpgtatsr 20)Aréferacablenict
18, & well as t hgy ﬂﬂpe%??eﬁen@o@ﬁ%ﬁﬁ&'sﬂﬂa%eﬁrbe%we&?ﬂ‘f?g\ﬁt?gﬁaté paé\'dt of

termi nol ogy. used previous erein e air blower cou
the "air intake d@@lsééﬁoﬁf?@ 2a|'rh9t¢‘é’ﬁﬁé"raé@fu is coniected| thar tempudanyhaater

"defroster”. Rgur@serdeipdd ﬂﬁmﬂbaarﬁwa@ém&ws.r@madéﬁ E@'xi@%ﬁﬁ%&g

defrosting OJr de-i ci e evaporator usi.n
reference to FgurtP E"gtsl‘fi?'@%@f’r‘{'éélwﬁ@élf?%’g?% %Féﬁ?‘ﬂé&%ﬁ! esarveirol® may be

replaced by the iTkd wsteememmimwa»dawatén ﬂ%r‘h@ ldW@fe?PUHﬁC‘I@Qn&“at\ha{é?e
line 41 between a co%pres r.42 and %ogdﬁg A’E , such as a
sol enoi d val ve, |GUSINTRCIAIER The wmter thed; "?Vcﬁﬁ%‘f’ BePé'F‘FYQﬁfESé’IPF"’“\M\?Ch at
this stage is in rebyclihgrated valvedt7 gathe tempooary witer ssesmiag.y 11 ne 40 to
t he evaporatolr 45. There 'nmay al so be included a dryer 47 and pressure val ve

46 bet ween the condenser 43 and evaporator 45; and.a filter 48 between the
evaporator 45 and conpFhesapparat@s 1ilsé indﬂﬂ@sweqldmndmy18alphxdhdiddsc:stthag or

q . k|
appr oci at od by ¢ FRege SRR e i 4P séRebiohite|cbfiod MR ROl nbdas. | S

conpr essor / condencld ais dyet i can e erengdinsiciepsd via ﬁ@tﬁwpntdﬁ@iweammﬂfer

coul d be used in @dwazerns%%tdnoauf@twﬁaﬁes zmwal %Q%%mrﬂhhuﬁer $, & 30
| ar ger wat er maki ngdgﬁlchl n Qéﬁ Fol,| ow n col | &Fof water in. the

tenporary reskrvollt 4 ectefcP isy &9?3%‘5 ﬁr‘lﬁf&f?“f‘f’ fwould allgwirite Hewy
di sinfector 16. Qmhesughuthbiducens, wAit & diasn froiml thetsattolndihg atrRbsohe rd\/&taer

ir 9 d d.b ~
Fasypiwnuap ao-. HSHER 1Y 2 Ge the.eimmetstor iz rdipn e%?%agn
a~6uis a eon 7. ummﬁe&omthsmeﬂoyﬂdmd#&%nmdum Biwaeiefhmqnmlmw-ui
Se yons spoy-.aw hafl Wl’fé‘?\r@e@feﬁtar%atéggooémpf& areaiXPthe @ros@@g?gﬁ%p

unnou~ swa~. sl ~s'yons 0 ern6 3.
of aoua.ta~. a0 yyﬁ?f'%aﬂflﬁﬁlspt%@lﬂEQ@ﬁU%Ohﬂﬁ: rﬂbﬂe\ﬂQaﬂ@espﬁGlalbéla‘Eﬁ

wai sl ~s 6uc~ew- . tma%aa RHKctBr RS 208 i4 PRsEd\BUtSsTSthY Path ¥MHkir BiRg ldPAwhodene
ayl of | ~(ddns roﬂ’ a of |ueragu ar 8%/%1 ﬁﬂ ~anuoa pus amssard rapun

i uerabli~ar p~nby HTEYINHS-ARPARFYSAY SHSH ?d & 1epRaratsye of the e9gl @irg i i
p?pl ~s uograd a oﬁasﬁmhromﬁ;m duotn S5l duternsinéd-by afwat yosleodir eeomé?rbtrﬁeyalns asn
of uos.ca pap|~s ~~, ~~CQe 0 ~s
parra~, aad i ou. ar 33%5\%%59 'tVSﬁé%gﬁﬁﬁggg%%%%gﬁg%ﬁa% Jfegponss t° \ai sl ~s
uo~ssal dwoa ' B5-60terogeraiuralvaqiiiremeots-and-theptemperaturecef tha-adabaia exitidg' tbenoo
urai sl ~s ayl swa e§%/€ao?aﬂor 79 db o P fiiz tbég‘corﬂs H& as §ieed~ecﬂ?\} Heﬂtﬂﬂ%ﬂgl%ieq

paae~da~ agq p~noo ie~l7. pa~~ni Iuare
| ~~~pear eq Lynn 20. 'elhﬁ s;ﬂnsgrSr%sQ»aﬁ)atbw%s%farram aya eenteal arocessingHinit ~
arné~ j Ut unnoys 35 iR pRStiRsaY thiirtiivhatiir s'Swlv‘nSbé)?tMrerﬁth% art, 201 erodena
ayi of iueaa6bu~ar a 6ui pi no~d ao~ wa~.sl~s parra~aad ayl .
30 The apparatus 1 also includes a system for circulating a refrigerant
through the evaporator 7. The system shown in Figure 1 in apparatus 1 is
a clésed system including a compressor 21 which is attached to a
condenser 22 via a high pressure feed 23. A suction fan 24 draws air
from the atmosphere surrounding the apparatus 1 through a mesh screen



SZ Oz ire ayi.ui. unnou~ aq,,~linn se st wo~ e~qeiins Aue ~o eq 'iuaredde
/Il ~~~pear ~agq ~~~nn se 'uea g ~ dwnd ~ anbid y g ie pa~.eorpu~ @e‘?"“‘ﬂ'l
‘aionrasar Il.~erodwa~. a isea~ ie apnpu! of 'ranannoy ' pama~e7r ‘gij P~

. ya~. ei paww~ pasn agq of paa~ I~iner6 a~dwi s e~ eon sni eredde eyi paitxa
aayier ing sn~.e.~edde ayi ui paaois iou" seM yoiynn raienn eanpo~d .

Il ~dw~s of pADEYE%RY | ~~epear p~nonn snxe-edde ayi '.~ad~nd BEFCLIHON24- |

- pap~noad ag p~noo'iionrasar ~euraixa ue ai ppe~. |lii~nea6 e~dur~s a pue
y~nn pasuads~p agq p~noa g 1 dwnd ayl ~ uopdwnsuoa ' ~eunue sdeyrad ~o0 'uewny
rod paai nba~ si papi noad 6ui aqg ~aienn ayi ~.i parnba~ aq Apo pponn iuasard

ag | ~ew. ya~ynn sui sye6~o0 ~eoi 60~0i qo, ~a~w 6ui nvwar ao~ aoi oa~.yslp ayi se
pann se 'saai nap udiB-overihe gondenser 22.53)ie air thee contirues thedughtthe apparatus/ dns

"srai~!j yeuo~i do W8 eHitd viakhe mesh seré@pgap i eW-~i ua~edde Appear aq .
~~inu-y E ~ nonrasa~ raienn view ayi of g ~, roiaa~, u~s~p pue ~ ~ rai~i~.
yénoryt g ai on~asa~ .ta~.enn /~e~odwa~ wol; -l eienn ayi anow of paienioe si

g ~ dwnd ' gg, ~iun 6UCSTRERLAdErRAHRQ idehdn Yatkched f’oOéVéBg{aPE% v 4RignP ~
srosuas ~ana~ 8| bz000J66ZN . L~d ggg?f 66 qw t oot 'ﬁtnd S S oS
Z s ~ ~s Q02 WD oPressymyetsigerant;fore £d o @ sarriagrarts diltes 98 enekcanilany tupso2d.de
e\./;an. cool i ?g ovelr mw i thé pi’éferrg&&nw&imér:thof Jge ;i"“.e”ﬁ&]! t,{ﬁg,f,,gr{p@,g}edt he
réetrigerant supply system shown in re. g 5 .' refri.géerant used in
the system can, be® ﬁ&w&“&w éﬁi?eé‘ Wb%ﬁ eé(éfl(quqerw filtse 48 and Teed they, ¢

Refri gerants such’ asfrigetant intd tive erapobatos 7 dtyalhighipressofe. UTHeoEapillapy Subear 29
hydr of | uor oCar bons . coul.gd. . . . i i refrigerant suitabl e
for using in such aeﬁ{s%stﬁee?hur%@&gg?%'a gﬁrypﬁtgfgg’ggﬂ@xg fﬁ%?’?“"%" a?-ﬁgtry ad;
conpressor 21 U8ed and the raftigerantexitst iromcthatop wf dbe eyaperatar 2 vishe lsendenser

22, may be any one Sy ERJertit (bURPE 31 B thel QihprB8F 97 _ or high pressure
conpressors can be(bEaseg. For eéxarrpl e) corrpressor‘g proe{lﬂdi ng -about t OQpsi

to- about 1 O OOOpsi could be used, although this is 15 not intended to be
linmiting. Conpressors syghshasvr MEFigaie \t, 28 \dpp arapise $ 36 Sndildh beshtier dpRinf oss

of the hernetic or fan coal ed t S be used) for .e e, The
condensing unit 22 r@&éisﬁnﬁ%y:gf"h%y@ﬁﬂ‘ﬂmeé PSR ﬁ@n}ﬂ’? preszherafith to a
ski |l | ed person 1&nd water R2eN\sehaorcd kisd incudems ibreptberi filter 3Bs AAttayhrbitodhby ~ -
Danf oss woul d be suyji. . b d V-240V .
conpressors and 12#%‘2?’%36%%&?&?2%%@0% gogfg}gﬁ%fewﬁtsegggq ?)%ggrl’e[ T for
the particul ar applWatsr reservoir 1hip aeontrelledireggnesi condensing units nay be
used ancJ units supplied by Enbraco Aspera, Bristol Conpressors, Copeland -
Conpressors, to nane a few would al so all be suitable. ' 25 . The
refrigerant is supplied ARPatEsd| ugtheningludes @ qegtnaheroggssing: wnitods which o

va][i ety of posizpi ormﬁmlsgﬁeﬂﬁ&itﬁmlendwnpeﬂng’emmm lairﬂ??]\awverthe e%ﬁoﬁg@d Bd
refrigerant passes jhro t ilLte enj,er.s the evapor ator Vi a
the plurality of ca%?laf %QVL?E&A ﬁJeP%gt e T% heertP@(ﬁeﬁaB‘r‘rﬁ]"??{\eeg‘éa%"éﬁﬂrI ary
30 tubes 29 have a borhexdentiabptocessingrithiti3%e2lse inciudes @ delfreshsayisor fnagssur e
feed tube 27 has a Qi X bl Wi %l;‘hﬁl : fe0r
there are five capi?ﬁg&}?{hd eg}ﬂ&/ﬂfﬂgﬁn@%‘é{hﬁ{eﬂfi&@%r& 3 {ﬁ%géﬁ%égq?gfe&m
evaporator 7. The chdiidiyrdpythe gueroraiord and wilirhe @siageeulia vl determines wham| v

wound in coils g nthalretigednt Will Bbp ldWingaateCii=pRrdter PARE wheA@hs APl €d Wi th
t hg hi gh temperature flowing across evaporator 7 is maximised via heater 5 to melt
the ice/frost on the evaporator 7. The central processin§ unit 35, in effect,
controls the operation of the apparatus 1 in total.

30 The evaporator 7, in one form, includes a series of coils which
comprise between about 30 and about 50 connecting tubes. Preferably,
the evaporator 7 will include about 40 connecting tubes. Each tube
includes a number of, preferably angled, fins. There may be between four
and eight fins arranged over every 20 to 30 millimetres of the connecting
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26 AUG 2002 WO 99/ 43990 PCT/ | YZ99/ 00024 20 pr essure ‘of the refri ger ant
atom ses the refrigerant changing the refrigerant froma liquid forrerIb
an oil) to a gas. The now gaseous, refrigerant then _rnv:.. seeps m&y
“into the coil stemin the evaporator 7 at a vari ety of p03|t|ons whi ch
allows for: ~W@\é¥4§99ﬂ stribution in the evaporator 7 of the 5 [PETYNZPOI0A0T4
.gas. The gaseous refrigerant then exits thg evaporator coils fromthe top
of the evaporator 7 (as indicated at 31 ) %d passes under ' . | ow pressure
through feed 31 to conpressor 21 where it is pushed into condenser 22 where
it is again condensed into a liquid. 10 ~ The length of the capillary tubes
used will depend mbeishetﬂwe%mhraUEVean@thérhena\abeI6I g;-rg)gdaﬁ}g fdieg engt h of i

t he evaporator co t t he condenser 1s hetween
abouj. 8 and about Hﬁ#ﬁ??ﬁé &{L@&gﬁ%%‘&ﬁﬁgﬁ Besiare pratereply fagmed @i d be
about™1.5 il l'i reonesmillliretra thlingj howaesr; this mnay beee:blédebmyfarrgrglﬁtlggbqgm,enser

\rNgZu:Jf:(rjrenE gewgﬁloh} t‘ﬁr'}{%adl y&%g %‘wﬁ%%éj 0 bﬂt%(?‘%pm i I ef°Féngt h

?Rd nu[rPer offiPﬁlawap ¢fl this,tubingewhish|daniie, lnmrcbmtedmamaw ;ef emgtdlqe? byf
e wattage o o SAP 0 e es e ability o
the preferred ref ﬁl ger a éﬁgg{s%h%m%gg%gérvzteﬁ.lz?nlqurﬁpeﬁcffllf ﬁ) afe?”;fﬂ 9 MY Py
gaseous form whi chequsahohéﬁ anigll abouy) Bnas desired, r'ﬁtﬂtévﬁpommr hisg alRermativelyor
coils at a variet ue@&nmeafta mhmbmﬁﬁﬁhwe?ﬁ § bf befebnGholif'3 414 B to

cool the evaporator,_evenly. ? id
refrigerant to a g%!ﬁmaﬁrasmew RIPteERRlY ¢+ mé@aevﬁataltj@ygh A0Y suitable mesbras or

coi | s at a vang et wilbbe RA6WhIi9ti5e arft toLldba gs&d. ihteltasa SfeFrQE fg,)(,?p@,@ator)
coupled with renoval, 25 from t‘zgeang'egf th ‘i cant

0
advant ages both i MeE8ARENIHEs ¥ J'Q'B%%Y'Bg if’\‘ﬁ‘%l‘&'ﬂ?w evln cool i ng
of the evapor at.or furfiier aiteatative woutdibe meulaadagtedcrheﬁlsplufdsfﬂ 1R frat Hﬂl@&l e

in-line valve(or i amet er

achi evi ng gas conver sf%‘?n’r g%tlﬂ %Jaéﬁé%o’}o{e?"bﬁggggﬁe "?ﬁ‘e°P{Sﬁaﬁ"§Pe{§m{ t&f%gih%een
.stated 30 previ oublages, Thusalloydng inedfsestgofarmdn dbe angled platese i s used when
the pressure js. above 3000psi and would be a far mare expensive option than
using capillartes as weltl as having limtations of use with | ower pressure
systems. 2 6 AUG c00in spatiernatiee @ndereieregiioon the eyapusatonid may indydee

seen in Figure 1, ché@r &pé hlamfau Tcubagataa danﬁaﬁs SR8 oP\eBRIPES it s é’ésc‘?‘lbed
or. as desi gnat ed,

variety of p05|t|o e.base t he, evapora

30) with renoval ‘?Fﬁ?@“g%ﬁ‘a‘('ﬁ“ Eﬂa"ﬁ@a apeligatigh ne. ng@,\iZ% 3/00087,

desi gned to naxi HMH"Ek:H patentspezifivation df sﬁéukflcauqtnhmp@%féﬂq{e}enﬁw RfisRcE
icelfrost forggption, in the evaporator 7. As opposed to known refrigerant
systens, the caplllary tubes 29 used enter the connecting tubes in the

e' vaparator 7 directly Suchhelicaliysorrupatedsianduits may alsdiformt thbesils Ghtiee t he
. refrigerant has pagagéhsefir ough the evaporator 7; the refrigerant exits
near, br at, the tap of the evaporator 7. The refr| gerant is now at | ow
pressure 10 and exits via the.low pressure feed 3~1 and returns to

compressor 21, hus corrmb@ﬂmrmawbeaﬁcawoamaamﬂm FFr%HﬂWj thY fittee s
appar at us. gs tt;.?% L I |t &‘Pé‘elﬁﬁ ¥€tem tg evenl L‘1 e evapor at or
that allows tﬁ s é\fﬁ’s tef gt may ﬁt’F’)’?W @383 shows t he
apparatus of Fi gurnecessabptmamméres nnne*smltlagtmtﬂamneramhﬁrtﬁerappﬂ'ﬂatms,1as

further |ine 50fr t r r 42 ake

‘refrigerant gas f rs g F@%“&rpﬁéggg‘? grgé)c iqepsp%ge"ﬁg%iagﬁﬁ'ﬁé&eﬁ?"a W er tank

53. The outlet 54 abpamwm& atsoi ihclgdes aavater titgrf B4 snd balisivfeciogdarThese t he
tlet f th

outlet fromthe C?ﬁw ?é%’f’ﬁ fg?ntﬁ:lg ehﬁ@vevZP ﬁ?é&{gca‘?%hgrﬁ ;Eﬁer O {Eré’ fve, may

be pOSI tioned in urt I ne O cont I’O I‘I ger ant
through this P¥Pneknewe indpaart yillde m&erm& eWafcgrnﬂdtessswéuasjowm@b@ﬁm on

the size of the coERveREIUhartbal filesG6F bxPrpIERbUREb S lisedd s WI“ZEQ réé?:ﬂf?e and
heat conducting materi al er or stainless steel). ~ The pipes

of the coil may bé‘pQPTe@Etté%/ylF?raﬁrlde‘ﬁ@E QG50 Wﬁ‘/(ﬂ?eo’?'ﬁtegﬂfedi?ﬁﬂace ar ea and to
all ow greater contact with thin plates extending fromtha pipes. The
structure of the coil or pipe systemw thin the water tank is such as to
facilitate heat exchange. Thus) hot gas passing through the heat exchanger
heats up water 30 for use for other purposes. The gas is then returned to
the delivery side of the conpressor before passing to the condenser for
cool i ng.




-4 —au~, 2002 WO 991 43994 PCTJIJNZ99100474 22 't has al so been found that the
apparatus can be efficiently operated without the need for a al‘laﬁ AUG 2001

tenperature controller to control the tenperature '-~ ~ of the r.entering
“the apparatus and flow ng over the evaporator. ...,._ 5 Wth reference to
the apparat us widéyigdgn Fgures 1-3, the apparatus can efficient] roduce
-water fromthe air, via ice formation on the evaporator, wtho @5/00024

presence of the air tenperature controller (1§.e. air heater 5, cold air
duct 18), if the volune of the air entering the apparatus and passi ng over
the. frosting area of the evaporator is controlled. The 10 , frosting area
of the .evaporator being the s rface, oé‘ t he, evaporator on . which the water
inthe air freezes. Al At ?ﬁf’%”bg‘r oure 1/Hve:fAnar2a124s atsausedetoosicagicintded

for the apparatus Ctbetappireﬂ:s\/\ntlThBEfﬁﬂg encgrefevaliiy P00
t enpérature of the b?er ent e ﬁn?asay P{egéﬁﬁgr?q{aﬁed

a I § cool
about 10C) the vol ue?B® ﬁaHepg%Vé‘f %E&ei‘ﬂﬁw&)ﬁmﬁ%m sfma)snavrbg sur f ace
caTn be high, if the‘epiacedhvrpertﬂadwers drsitilgidelioey fobeehpi ?ﬁ%w iR the
volune of air soul tally' g fu ctaono
energy and tine requ H'L"t {is }Eﬁifé*’ﬁﬁ?ﬁ%?ﬁm%ﬁtmmmsﬂ the sppamtus. The fan
rel ationship of ourspeaql Isrusualiyl run betvmqmeﬂ%ﬂuirream 800dim d@ehdi’ﬁﬁ%ﬁe‘kni’e &0

skill ed person. ' e e e efficiency of .
the . . gvapor ator T %gﬁ?ée}éle% O '%M’ Qﬁ'é&agﬁp’efﬂf’?awsl to B@E'-é’ef%ﬁgl on

of conpressor .(i.e.5Pgad senspr gfelﬂetemvn%ihgéneﬂrqfﬁmm airfiow.elfape mitiow isitce. 7
in 23 Figure 1) Slfiﬁ &%n%élfrafae Wil A fdrih hBe @vhporkidr ) grar&: ' C.—ﬁgg, '8388 Cant
an

efficiency of t apor at or p B qven a aratus uni

and the vari abl? thep if wilktepp daPIM 9P Eé@ﬂ?'cp@r@aﬁtmﬁmamn ed by
known t echnol ogy V\hestﬂcﬁnd sirfawefievoathle \evaporatare a central processing unit or
the like. Again freezing efficiency will be a factor known to a skilled

person. 30 An alternative, though l'ess preferred option, is to alter the
area of the-frosting suhaair mmneha;uea/mnesm.ra\ahdIaeasrahmgl,,mpwré hea,@ r

fl I b h
Stopping the reir Serant 4 pisure St AR 3eRBbanld g g pasting Sty Yool

renovi ng or 236 fevepsratn Y inmnaigtaingsbyithin seBrpettdre28ngmnvERe Ng porti ons
of the evaporator. tdi s,alﬁbwltﬁeap BSing @98r i tives
which will be appa tﬁ %%)g 5| L 1e agggégé} Bgﬁ %I%gg{a ejusedlwge% {‘E&Fi 5
Figure 4, shows ' a§ W% 29 16 gnd ahgut, B eFn it @)temﬂﬁm@‘mm pbordr 221 Qit es
t he vo: Iume gf ai.r f-dtalbodn 32?Cmnefaﬂddemewﬁe&niﬂl&ataier sehSSHRS, 3, %E%n be of
controll er device. ir _tenperature entering

apparatus, 10 1n the{'as%gégrlé%% ﬁ%mﬁpgcﬁpﬁ"(ﬁqggﬁ O thersgntrs| V@CEWQ ynig $8dn

i nstead of the 2Bapithe apgerstuscls lnghisiroamner thei apotral procesihy i 3§ caf canal Ve,
whi ch will be knOW"!hé?arﬁpe?gidré%@ttﬁ’@Eﬁ‘?l@v@ﬁ&ja@JoEgﬁ%a%\}aégétt q, shicpea val ve

may al so be used. 15 Figure 4 shows an apparatus ¥i# W6 apor at or
110, a fan 120, andOPRiEHER & Abyheaten 5 fBéacﬂ%a'EfdﬁVprfl@gsalduuhﬂavimdém

coils 7 31 . ~ whi qatesi20pR04. The #HORGHESS Payl AISEDE of AN U tdrfh Bltdbiie 4
as the preferably contain a mesh having between 3 and about 5 millimetre
25  squares in the mesh. Preferably, the squares will be about 4 millimetre
squares. The air heater 5 should be between about 15 and about 25
millimetres in width with a width of about 20 millimetres being preferred.
The width and mesh dimensions are not essential elements of the invention
and are simply preferments as this will allow air particles to be evenly
30  heated when passing through the heater. The dimensions of the air heater
will vary with the size of the apparatus 1 as will be apparent to a skilled
person. There are, however, a variety of methods by which this can be
achieved and the technique of controlling the air temperature via the heater
8 and the cool airflow via duct 18 may be replaced by a variety of other



" e nm i
e s e e A me@ 8 T ENen W e e (Mae e bie asen s b dETY T R P PR

"conpressor itself is obscured by ‘the COI|S 131 ). 20 The refrlgerant from
the conpressor unit noves to the evaporator. 110 via feed 140. Tﬁ? G2
apparatus 100 is conpartnentalised into two conpartnents by wall Q%J wﬂe

~conpartments _are a high pressure conpartment 151 and a 25 | ow pressure
conpart ment W&/4¥Me conpart ments shoul d preferably be seal e@CIMZM(0goR4

.fromeach other however the apparatus will ,@perate, though not so

efficiently) if the seal is not air tight. The novenent of the

refrigerant via feed 140 fromthe high pressure area 151 to the | ow

pressure area 152 causes a drop in tenperature of the refrigerant to be 30

used to cool the emethodas ok sihigle.hedtar/cooter tinjtHn the pbsition of i kexler Bi{as Sshown

in Figure 4 can be v Y fits over t,he
appayatus 100 and h%m fﬂﬂ&n@ﬂ)%&@é%&%ﬂ%&ro%@%i !%%ﬁ%gpﬁ?ﬂﬂ4 Uyt oWt h
seal Fhgl y engages mmntalmmha ain gempérature within tll%@mmratma bérat dédcyibed! easabl e
manner. The appar i?}l so incluses a single fan 120 positioned 5

bet ween t he evaporator D and t'he cBndenser unit 130. The fan 120 coul d be
positioned el séwhere in the apparatus 100 | eg. above the condenser unit

130) provided an air f'%s%vsﬁdmﬁvaaﬁé@wapﬁar&&sa%];ﬂq W R ftis

condenser unit 130 is mai ntal ned ositionin an as”s ovxin In
Figure 4 is a pref@ercombinationefigicflow 1@'0\7@"’ the s‘eapoaaspe‘f.em)temwatuteoow th

reference to Fi gurﬂai-aifrOén@ﬁrmhﬁns.angWtﬁ@ﬂneam eurbeswkﬁk ﬂ}a?gr%r7 used,
however this will. i n si zed ap ys, whic or

a lar
" not, be preferred, WEES&?&’Q\%% % gethe Atie é)"gMcﬂEI"EP @qufaﬁnaﬁm SH
used) the conpart mmtpal-ataaw 063 mianﬂdsmcbmpwnaswsthmy areod vériety of @!Guum@dif:erS

he i f d h . d ' sed f
Floure 2 and 3 1 @RI OcRBeh e ye haf o 3ph Whdénadasdhe BEYeRR g ¢ ne
wat er formed will descobéed ec'ﬂ'mseldehamndiﬁe!s\haw regchehismisalesignéd td eerappetie us
and purped i a 11 8o HEinkdsd SRl e iR SoRAR AP0 o112 o

preferably) include dotenperature - sensar ‘ermne the air
tenperature outside the-apparatus . 100 to nmaxim se the efficiency of the

process by allegwing a cepé sa,saranﬁr&ctﬁsmmﬂunlshom .ﬁ@tdasésibefeﬁ?gl ﬁ&@%ﬂ in
response to the t egﬁper at ur e, rgfét | Ce, however ﬁ t hat

t he apparatus 100 FIG“BQ’%‘%'F“BB °| ife.And HstIP bR RRArtop £o etoa%ﬁ!aarsafﬂc'em
tenperature conditatsr tomakidwhecappararnsrdrd viableusster prodacere M syisiémpr ocess

of extracting water_ fr g |o has been, found,to
depend on a range Brrovﬁl?ngqrgzngeﬁrgatp ﬁgeer%gl?%f%é@mﬂ @ 4 pv Ygrﬂangeq he
appar at us, the vol tafégerbnteffeqids shergvaposator [ thus érsudngthen iod andérost
“evaporator, and,th d.Cis t At

991 43990 PGTJ 8‘5@%’3’58 @98%&]%3 thﬁ’ﬁagmpﬁ %pgrfgﬁrj; ﬁlﬁi:l gureéé?, f the
tenperature of t heranldlvemtm frant pemionaf she gvarorptor fgenestold aitentny, thirewill
efficiency of the Eﬁsﬁlﬁﬂf ﬁ{eoépda?atEQ%W@vatihB%‘Ff'élgﬁﬂW B8Y $ppil aiffld®y #HrbugREROSS

t he evaporator can
- _ evaporator 7 and restricting ice formation to that front portion.

25 . As the warm air enters evaporator 7, the moisture in the warm air is
cooled and forms frost and ice in a controlled manner within the evaporator
7. When sufficient frost and ice has formed.on the evaporator 7, as
determined by a defrost sensor {not shown) in the central processing unit
35, the supply of refrigerant to evaporator 7 is stopped.and the heat

30 provided by heater 5 is maximised so the airflow melts the ice and frost in
the'evaporator which collects as water in temporary water reservaoir 9.
Alternatively, the temperature of the airflow could remain at normal
running temperature. This would, of course, mean that the ice/frost

melted less quickly however.



——r-—-Standardi sed. s As discussed with reference to Figure 4,2£rm15t260'l
Figures a-3 without . the tenperature controller, if the tenperature of air
entering the apparatus . ' Is not controlled, but the evaporator efficiency

. is known for any given apparatus unit, the freezing of the watér fromthe
air can be e{yd6d£94d y | 0 achi eved by varying the votune of tﬁ@r/ﬁﬁw@@iﬁss
the surface area of the . evaporator. Renoval of the air tenperature

" control systemfromthe apparatus shown inl7Figure 1 al'lows the formation of
smal | er apparatus units, as shown for exanple in Figure 4. 15 The apparat us
of the invention may be enployed for renoving sufficient quantities of
water fromthe air for general household use, as well as enabling the
heating of this water of desired. Standard heating techni ques as known in
the art could be used. ARfurther embbdimeat meuid invobyethe endvisien of #eeseai skill ed

comporiont o whi ch Piddrjgot sl GRERBREY UrchEal to WePahis } R e RLG ¢ P
the invention be rgire i1c wehécht wolld howain At setdsmpetature threagh infitep&-and
descri bed, andsany, ghieahlafodldr/To blo\RieaMFBABRRERIR S e WP il ofd DHRET O

ranges have been 2 herein. Any ind IVI ron,
the nunbers fal'l i fguld hqwdﬂqvmb/ecq*ﬁwgeé the Inpeetded @@hpwnnnfignmd Wi t hi n

the invention SCORGould hﬁ‘erf KAVRRAb Bﬁtx&‘i‘%ﬁ Ekélﬁéméfhﬁ YR bpglﬂé %?&Eﬂﬂea

preferred formthereof. teratlﬁg al(j'l h |c;at| ns. whi' e obvi ous
to a skilled 30 pSeawHs4 6 and&ithe gopling,eom 'E‘PE%G d#flastas rlates 20 OB and
'\s;\f:ooggl 2; 95 gepl nﬁ@gg}% gg4skewened the aif e atep (Searitsliction i156 2, 'I;ozuﬁtNdG 2002

' or
b oduct ton_of Wat SPTRRGRRY Heed FRy M MEeiny tre 9 BoRBP 23 dhen £4 priafate s
(a) -an air intake "dinintake delipa ctiet "airtempetature| cantrollérd aag the 2defsosténtd) an
evaporator adapted to freeze the vvater cont ai ned inthe' ' ~ ' air issuing

fromthe air intake device; and t r@g defrosting nmeans adapt ed
to defrost the water. fﬁi@-ﬂ'@?ﬂ@?dﬁﬁ!‘%%@l’tﬂ ive op additienatimeana@fvol ume of

air passing aver tdurostiRg bt B&Hichiy theGvapératsr dsiey 8%6@ iPfih, i S controlled by
either the air .intake device or the evaporator. e apparatus according

to claiml whdfein the-air intake device is adapted to nove a vari abl e
vol ume of air over the With pefiepdnos tofigudd 2} the ddapealateeﬁng' SystémCduastibed

frosting area. 3. a 1 wherein the air intake
device is adapted i) %%@%a%e 'Ie8f?§?§§? ‘6"" F%IJS% %\Eécoc{pghrytlwg 4e aporat or and
t he evaporator is inteagarmgcted viitly thedingad 1 hb‘tveema)somn@smreﬂaﬂ argfScondenser The
-apparatus accor di nggt 9%\%?% 28513k a%haesd?éﬁ‘d{a QUﬁe,Ctsa}htfﬁde“{]tJbﬂiroi £ H&Wkﬂ* a

reservoir to collect the water created from defrost g the evaporator.
5. The apparat3s deigegnigwhishaihis sags isin e fum Hia %qsﬁsfrﬂwrpushm

conprising an air §ddo'h6§ry3ih§ u@tteetha @vapdrator 4536'I'I6?dré nm/vanétgbé NcfudRERAr at us.
‘6. The apparatus- a cor ﬂd | ai m 5 X\Q% Vlvg t he dt er 43 adwashablte 35 ~
or a disposabl e fi a pressure valve etween the con enser 43 and evaporator
45, and a filter 48 between the evaporator 45 and compressor 42. With
" this system very rapid defrosting or de-icing can occur without having to

25  stop the compressor,

It will be appreciated by those skilled in the art that this type of
compressor/condenser system enabling a hot gas flush of the evaporator
could be used in any air conditioning plant, existing dehumidifiers and

30 larger water making machinery.

Following collection of water in the temporary reservoir 9, the water
passes through filter 14, pump 15 and disinfector 16. Once sufficient
water has collected in temporary water reservoir 9 as determined by water
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.. V\D 99I 43990 PC TI N299I C1J024 Z’> 7 The appar at us accordi nés'f@@z?gn); one
of the previous clainms wherein ', the defrosting neans includes a defrost
sensor to de n a predeterm ned amourjt of ice or frost on
the evapor at g&?%’% .. 8: The apparatus according to anyorgamigp{?g&q

.. previous. clains V\/nereln . the air intake d@vice is a fan adapted to draw
air into the apparatus through the evaporator. . 10 9.. The apparatus
according to any one of the previ ous clains wherein . the evapor at or

I ncl udes one or nore helical 0>C/ EICBV ated conduits, as descri bed and cl ai ned
in International PaY¥sensgrsICOcwhi BicaESCHftROthe centnel progsssing, unihas,

appar at us accor di ngyrh® 18N¥ aeffted td heve A Weatdr frerr&ewﬁbeffr«, RwdtRe rédARaY 8t or

includes a plurality of jntercon appar at us_accor d| ng

to cl™aim 10 wher ei ¥reygh @Bﬂé&& %ﬁ“gg'sf"ﬁﬁtﬁﬂég Q %F main *"fa(}e’o'fes?r"ﬁﬁ' Havt will a
least 4 fins per 28e fdadlly apparem Pt dbvices 114, 18, 18hee aﬁﬂéﬂia’clt tmfeascarcﬂléae t 0

any one of the previpus el i s cool ing a
onpr essor and sgonﬁcéﬁ@é?dc E?%H‘Pd Q@‘err}‘f%bceafﬁiﬁg%[)o Gifespas o claim
12 wherein the condlsinﬁmon i@ckerdemngmcm’bmiogxealmgamahb whiel: mgaﬁeed-eeékﬁidui ts

o sh oror o CHELE Y Be SR TP R Water tkhg A RHAE FiRg 36F RLtaR 1 ©
conpressor, a condemparhapsaanimal, p:louslamptrgnofr heaqymn &5youum§sdlspm?sed|wrth he
evaporat or i ncl udeg,a, Qin‘l’élﬁ gir tXOF; edi 15 %hcé?&%ﬁh"ege% r'c%ulﬁﬂgﬁ hﬁ%n&%ﬁ’f' lary

tubes feed d|rectly I nt rator coif ere e conpressor
provi des a gaskbusdesifed; Garhat tbﬂdEPa"&F‘é’SWP@ reﬁﬁ”ﬂ)\l peadentad da simplyt he

cooled  sni er eddepRulcd Wkt wa.chl‘ﬁa@m Storsdl iANthe \:A@as\gt%@%utnﬂgg{érl&&e@gh% .
~ u

rapol i uoo arnleradmal rle ye 6ul i,rn~.
hue of 6ul proooe sﬁ?@!é@ﬂé”%? P'm@z 9~?‘6§’s%8v58§’°é§ﬁ“¢5‘?’5"?%1"%d" !it‘%/’PfQSTed
al gei aauuoo r abueyhgweveato mcﬁwbmllmadt aamﬂmwmmar,saﬂhaﬁaﬁdaatls in 0 auo
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~uerabir~.ar 25 pe known to a person skilled in this art, refrigerant supply systems which
circulate a liquid refrigerant under pressure and convert that liquid
refrigerant to a gas for supply to the evaporator are known. Such systems
can be used in the water-making system described herein.

30 However, the system as described with reference to Figure 1 has
significant advantages in comparison to such systems. Known systems
convert the liquid to gas refrigerant by methods such as in-line adjustable
valves which supply gaseous refrigerant via a single line usually to the top
of evaporator. While suitable for dehumidifier and refrigerator technology,



82-bZ000/ 66ZNLLId toot ~nb 9 t 066b/ 66 O ki . .78 AUG 7002 .
- ..26AUGZD02V\D99I43990

PCTI 1YZ99100024 29 ' 21. An_ apparat us for the production of water fromthe
surroundi ng air wherein the apparatus includes: . ~: . (a) ~an air

I nt ake devi cewg)cggﬁﬁgg to nove air into the 5 ~ appar at us (_b) ﬁ’@ﬁg /000
3 3

tenperature co er which controls the tenperature of the er|
" the apparatus; 10 (c) an evaporator adaptedSto freeze water contai ned |n
the air issuing fromthe tenperature controller; and . (d) a defroster,
adapted to defrost the~water frozen by t he evaporator 15 20 25 22. The
appar at.us accordi n@ bo cl al 20 or he air tenperature

control l er includé 'fmt% ggai"&{’e“s"gﬂgwﬁ ‘?"Fd‘ﬁt%"fai or adj acent

to) the entrance oévabbfam-l r intake deV| ce; and an air heaterl cool er
positi:pned between the first air tenperature sensor and the evaporator. 23.
The apparatus according t6~ claim-22.ftie air tenperature controller

i ncl udes a second ai r tlanhe fatéktheamfigerpussupphnadtdne sheen in Figues 11, the

oyl ai m o1 whel e (FTasEertatBE e, Fitern Lan B At &y uABEY R 30 Wif B T
controller is bet Mahismuaemgeraamsm chieiluergaarhonef er abl y bet vveen
about 29C and abouﬁ¥d$g&lor3@soroc§rﬁhﬁ§Fbﬁiyﬁ?oﬁu&o@érh@ﬁs cHild aan aWt

aatl ~tn~ a ~utpnl au aasuapuoo pus aossaa ooa st
ao~t : aodena~aqa ut altarnative) refrigerany SB“E’ ﬁt B%\Hé?&g i guchy? symsemtmay GZ ~aot nap
a~I'‘E~ut att: al g~ g,ggmygda_ ~Cl ~uapuadaput aat han3 B sapnl op waas~Cs
aasuapuoo ~pui ? aossaadwoa aq~ utaaagm- ZI wya of ~npaoaoe srt=~eaedd>?
atl,l, '8z, ~&nsi~ payoe~. e auk ~o auo Aue off. aouara~ar ...., ae~noyred
y~i M pagi rasap u~aray SThd corapressarRfisused-to eunidy thb refrijefdfit undér preseure
ao-modena auk 0 “iSlHbNAk 22)faP bRy b SPERImb ARGHES AXS 10l eRIgH
or high pressure compressors can be used. For example, compressors
providing about 100psi to about 10,000psi could be used, although this is
15  notintended to be limiting. Compressors such as the 220V-240V
corﬁpressors supplied by Danfoss of the hermetic' or fan cooled types may
be used, for example. The condensing unit 22 may again be of any
sﬁitable form, as will be known to a skilled person and the 220V fan-
caoled condensing units also supplied by Danfoss would be suitable, for
20 example. In addition, 220V-240V compressors and 12V and 24V
compressors could also be used if suitable for the particular application.

\ . Any of a variety of condensing units may be used an'd units supplied by
Embraco Aspera, Bristol Compressors, Copeland Compressors, to name a
few, would also all be suitable.

25 .

The refrigerant is supplied In a cooled condition to the evaporator 7
at a variety of posi‘iions (e.g. position 30) as shown in Figure 1. The
cooled refrigerant passes through the filter 28 and enters the evaporator 7
via the plurality of capillary tubes 29, In the preferred form, these capillary

30 tubes 29 have a bore of about one millimetre, while the high. pressure feed
tube 27 has a bore of about six millimetres. In the preferred form, there
are five capillary tubes which exit the filter 28 and enter the evaporator 7.
The capillary tubes have a reduced bore and are preferably wound in coils

similar to a spring. The reduction in bore size coupled with the high
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aan-eaaduaa~ auk. frRie agmé I\ [g.g- 70 ?'@30@%“' r aY2-BYX S3gRrusafritaeianhtnere
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AR A AR, ALy At ot Bk gt Bdn Agpburiay g evapsraer 7 of the
- . A9. AHS. A. An% AS. AefrigaBint A28 TARYasAUSNEIPBAB/Mieb exits the evapofathr coils
from the top of the evaparator 7 (as indicated at 31) and passes under
low-pressure through feed 31 to compressor 21 where it is pushed into
- condenser 22 where it is again condensed into a liquid.

\ 10 * The length of the capillary tubes used will depend on the bore
diameter of the capillary and the length of the evaporator coils used. If the
feed tube from the copdensef is between about 8 and about 5 millimetres
bore, the bore on the capillaries would be about 1.5 millimetres, 1fa 12
millimetre bore feed tube from the condenser was used, the capillary bore

15 would be about 2 millimetres. Such requirements would be readily
calculable by a skilled person. The length and number of the capillary
tubes will be, at least in part, determined by the wattage of the
compressor/condenser feeding the tubes.” The ability of the preferred
refrigerant system to convert a liquid refrigerant into a gaseous form which

20 is then able to be fed directly into the evaporator coils at a variety of
positions maximises the efficiency of the system to cool the evaporator

\ evenly. The system's ability to convert the liquid refrigerant to a gas and
then directly feed that gas into the evaporator coils at a variety of
positions, including at the base of the evaporator, coupled with removal

25 from the top of the evaporator has significant advantages Eoth in terms of
cost and in terms of efficient and even cooling of the evaporator.
Alternative known methods such as using an adjustable in-line valve {or
series of valves) to reduce the bore diameter, thus achieving gas
conversion could also be used in the apparatus 1 as has been stated

30 previously. This system using an adjustable valve is used when the
pressure is.above 3000psi and would be a far more expensive option than
using capillaries as well as having limitations of use with lower pressure
systems.



J:~ytoi cMYS] cna] cal ca] c*aU] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] cal] ca] ca]
ca] c”a] ca] c*a] ca] cLaU] ca] ca U] c*a] caU] ca] ca] ca 6 AUG 2002

: CHux+. 04: 1 *(Q | ~xsnmhb] W c”U] ca] caU] ca] caU] ca] caU] ca] ca] ca] ca] ca2] ca caq cajc
: a] ca] c aUc a]c a] ca] caU] cal ca] cal] ca] ca] caj] ca] cal] ca] ca] ca | 69NRWA&i vh
" HHHHHZU
) U] c”al] ca] cg] c%ﬂ:’% ca] ca] cal] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] c%%]zg%?o(??i‘] caj
Gga] ca] ca] ca] ca] cal] ca] ca
##139SCBUSVEYSgPs$SSWAANEEEI" ' ' ' ((((() K) I\/] P) Y)Z){vql ga\Wc~] ca]cal] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] cal] ca] cal] cal] ca] ca
Ul ca] cal] ca] ca
2)\)Kk)))) 0**+T++, ,, QO _AS can/wr}vmwm&m%ﬁwcwm tyhes|2Séntat thy ca] ca
U call cal cal cal calepdraak rdcal e o} pabitiohs .6 4k ks 8l Gl fabsalhead cal c
au ¢
522293223 3\ 444558 ¢8008Ed £ Ao adtfueemaygbat thedtap das fesignaged peneraly] ata3 ta] ca] ¢
' a] ca] ca] ca] Ca] caj mki@aé& e herinias hinsdyenhesd obtheadouth a#];@:a]g bf néd cal c(alc

Y. 1, Yy s<5==>" 227277 2W? ’> hb] V
' ?J} g’a‘l!at]cgaU] ca U]’c"é'(ﬂ’@ﬁ]t 8[&]‘8%?’@3{??{%‘%“8@]&] Za] zuo ‘g Q’éﬂ"&'&]@fﬂ?é’@]ca} ca
U] c”a] ca] ca] ca] ca]systeas|tivatapilary pres Z8anad\doter h@MﬁMuBéé\{,WAAAB#B/

B2Byt AXSni dMY]
U czm] (r:]afJ] ca]nlcaU] cﬁ%ﬁg &wﬁwrﬁw&%gﬁ%g BhRhRAEC BrlsahgaV cal ca
U c*aU] cal] ca2B6BCET seditbrugh the evaporator 7, the refrigerant exits near,

COCHCQC CICNG CofAE) ey SETORAN g cay ¢
a] cal] ca] cal] ca cal ZEE'}HE (?gtca é?g?@ga a:] ca@ﬁig%fd&aaﬁ&?caw aEGUG
e H+HoHaMVNNNNG) — and exits V|a the Iow pressure 1 and returns to compressor thus

0000} RRSUVlV\P\ABV\V\Yc\ﬂh'He{tm\g}fhE}d&BNO_NMmqir@\ﬂdié‘diia é’dp%?&:ﬁ@Ulﬁékﬁ@] ca] ca]
ca] ca] ca] ca] ca] cagbﬁa] L]L cta']?n % a%{ iﬂﬁiﬁlﬁ%’ @ ca] cajcal\\\ j v
{ " aHab-cOc2cqc# fgf Sy Y§0Y; age ¢ éww%ﬁ]ec%sé%ﬂ’caq c
a] ca] cal] ca] ca] cajto @perth ua:]sta]qummJ] ca] caU] ca] ca] caU] ca] ca] caU] ca] cay] ca]
caJ ca] ca

Orrstt d{{d~g~) ~m~~:r)k gkf
I0TCaT ca ca s gear co o s Guronfbp supecsbbb bt Spue Sqﬂi?é”@ii.ﬁé&]ﬁé&vlcéf h

Pwy{L7] GTp+! >J} wr rHaat é’ﬂ*‘fan ]alca']' h“@i %&hﬁﬁlﬁﬁﬁecﬁd ¢kl fhe outle e compressar

T oo o) S Sab oS e e R S

]>2y] vql&‘ ) [\lj]kf ) u ] qrdskivkibe & ea-l«ateaiaexalﬂlscaTl@ﬁbeﬂéﬁ]m%i:eg]tﬁa]ceme@E?] ca] caU] ca
cal caU| caU cay] C C C a ca cal ca

U] c*a] ca] cal] ca] cghﬂf?%a?’a ]Jé %’5]?{‘33}%%%? IR Lgi‘eg?ia@] Xaa]%}iﬂ]ka] ca

U] ca] ¢ a] ca] cadoc a@wh]&a solenond valve, may be posmoned in the further line 50 to control

S_{wgG_04nuW wal f~ lﬁang e ?lg rodgtt ﬁﬁi ?ﬁtﬂg a%%?%&@lgl&a:]aﬁﬁq ca
]ca]ca]ca]ca]ca]ca ca ca c cal caJ.cal] ca] ca
WjsBWAW eAvR adg f’eFBQDIE’F onthes3izep H]%%F]"@B’FM]’@&U]'H&] edih2a] cal ca
U]U]C aj (L:J] a] Cfa} C | U]may ba of any size, shape and heat conducting material (ls_uch as R9\°p per 0{
aU] cal] cal] ca] cal] ¢ r+vRMa oj e
[VIf [ Wkf []U ca] cﬁf%ﬁ%&@} QQ]LJC %ﬁa%‘ﬁtﬁ%b Lﬂa?ﬁgﬁqﬁ{&]f epgg o 'mp'%"g )

al) ca] caV] ca] czi] catheaclate atesadrudocaiboagreater abamt alithabbilatss Gddiuing () - $10

A A %ﬁ:@fo@e% §f3§;&@{@§;§]igg§%0%% {the water

s)10%~& ()-3's)1 i puch aupfat litare heavpxchapge. 10" L09' 10%h&' () -
" @($10% ()-! @ ($10%ft& ()-'a 10%*& ()-' X 109%& ()-'
Thus, hot gas passing through the heat exchanger heats up water
30 for use for other purposes. The gas is then returned to the delivery side of
the compressor before passing to the condenser for cooling.
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5 With reference to the apparatus shown in Figures 1-3, the apparatus
can efficiently produce water from the air, viq ice formation on the
evaporator, without the presence of the air temperature controller (i.e. air
heater 5, cold air duct 18), if the volume of the air entering the apparatus
and passing over the. frosting area of the evaporator Is controlled. The

10 . frosting area of the evaporator being the surface of the evaporator on
which the water in the air freezes. All other integers of the apparatus can
be as described for the apparatus described with reference to l;'igures 1-3.

" If the temperature of the air entering the apparatus is cool (say less
15 than about 10°C) the volume of air passing over the evaporator’s frosting

surface can be high, if the air temperature is high (say above about 25°C)
‘the volume of air should be low. This is essentially a function of the .
' _energy and time required to freeze the water out of the air. The

relationship of our volume and air temperature will he well known to a
20  skilled person. '

The process will also be dependant on the efficiency of the
.'evaporator to freeze the water in the air. This will be a function of
compressor {i.e. 21 in Figurs 1) size compared with evaporator {i.e. 7 in
25  Figure 1) size as will be known in the art. In practice, the efficiency of the
evaparator in any given apparatus unit will be constant and the variable
factors to efficiently produce ice can be controlled by known technology
which v;/ill preferably involve a central processing unit or the like. Again
freezing efficiency will be a factor known to a skilled person.
30
An alternative, though less preferred option, is to alter the area of
the frosting surface of the evaporator while maintaining the air flow volume
across the evaporator constant. This could be achieved by stopping the
refrigerant flow to parts of the evaporator or by simply removing or
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‘ g of the capillary tubes as shown ln Flgure A TX valve is a valve which

- will be known to a skilled person and alternatives to such a valve may aiso

be used.

15 Figure 4 shows an apparatus 100 having an evaporator 110, a fan
120, and a compressor unit 130. The compressor unit includes coils 131
which surround the compressor itself (not shown in Figure 4 as the
compréssor itself is obscured by the coils 131).

20 The refrigerant from the compressor unit moves to the evaporator.
110 via feed 140.

The apparatus 100 is compartmentalised into two compértr:nents by
wall 150. The compartments are a high pressure compartment 151 and a
25 low pressure compartment 152. The compartments should preferably be
sealed air tight from each other however the apparatus will operate, though
not so efficiently, if the seal is not air tight. The movement of the
refrigerant via feed 140 from the high pressure area 151 to the low
pressure area 152 causes a drop in temperature of the refrigerant to be
30 used to cool the evaporator 110.

The air tight seal for the apparatus shown in Figure 4 can be
provided by a cover (not shown) which fits over the apparatus 100 and
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15 ' i o
' The ice formed on the evaporator 110 can be defrosted as
discussed for Figure 2 and 3 (the disclosure with regard to this is repeated)
and the water formed will be collected in a reservoir at the base of the
apparatus and pumped via filter 160 to tap 161. )
20

The apparatus 100 can also, preferably, include a temperature
sensor (not shown) to determine the air temperature outside the apparatus
100 to maxxmnse the efficiency of the process by allowmg a central
processmg unit to adjust the fan speed in response to the temperature. In
25  practice, however, it is likely that the apparatus 100 will be set up in a
" standard manner for standard temperature conditions in. the environment of
use.

In essence, the process of extracting water from the air via ice
30 formation has been found to depend on a range of variables. The
temperature of the air entering the apparatus, the volume of air passing
over the surface area of the evaporator, and the efficiency of the
evaporator,
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As discussad with reference to Figure 4, and to Figures 1-3 without

the temperature controller, if the temperature of air entering the apparatus -
Is not controlled, but the evaporator efficiency is known for any given
apparatus unit, the freezing of the water from the air can be efficiently

10 achieved by varying the volume of the air across the surface area of the
evaporator. Removal of the air temperature control system from the
apparatus shown in Figure 1 allows the formation of smaller apparatus
units, as shown for example in Figure 4.

15 The apparatus of the.invention may be employed for removing
sufficient quantities of water from the air for general household use, as
well as enabling the heating of this water of desired. Standard heating
techniqi:es as kﬁown in the art could .be used.

20 As 'will be readily apparent 1o a person skilled in this particular art, -
the apparatus described utilises a number of components which may be of
} ménv different forms. It is not intended that the invenfion be restricted to
ﬁarticular components, as have been described, and any suitable
alternative components may be used. A number of ranges have been
25  referred to herein. Any individual, or combination, of the numbers falling
within those ranges is intended to be included within the invention scope.

The foregoing describes the invention inéluding a preferred form
thereof. Alterations and madifications which will be obvious to a skilled
30 person are intended to be included within the spirit and scope of the
invention, as defined in the appended claims.
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1. An apparatus for the productxon of water from the surrounding air,
the"-apparatu_fs including:

LY

(a) an air intake device adapted to move air into the apparatus;

(b) an evaporator adapted to freeze the water contained in the
air issuing from the air intake device; and
10 '

(c) defrosting means adapted to defrost the water frozen by the
evaporator;

and wherein the volume of air passing over the frosting surface of
15 the evaporator is controlled by either the air intake device or the
evaporator.

S22, The apparatus according to ciaim 1 wherein the air intake device is
' adapted to move a variable volume of air over the evaporator and
20 the evaporator is of constant frosting area.

3. The apparatus according to claim 1 wherein the air intake device is
adapted to move a constant volume of air over the evaporator and
the evaporator is adapted to have a variable frosti.ng area.

25

4, The apparatus according to any one of the previous claims further

including a reservoir to collect the water created from defrosting the
evaporator.

30 B&. The apparatus according to any one of the previous claims further
comprising an air filter situated to fiiter the air moving into
apparatus.

6. The apparatus according to claim 5 wherein the filter is a washable
35 ‘ora disposable filter.
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H& 10% the air intake device is a fan adapted to draw air into the apparatus
through the evaporator.

10 9. The apparatus according to any one of the previous claims wherein
. the evaporator includes one or more helically corrﬁgated conduits as
described and claimed in International Patent Application Number
PCT/NZ93/00087.

15 10. The apparatus according to any one of the claims 1 to 8 wherein
the evaporator includes a plurality of interconnected coils.

11.. The apparatus according to claim 10 wherein the evaporator

includes a plurality of fins having at least 4 fins per 25 millimetres
20 of coil. ' '

12. The apparatus according to any one of the previous claims wherein
the evaporator is cooled using a compressor and condenser system.

25 .13. The apparatus according to claim 12 wherein the condenser

includes one or more helically corrugated conduits as described and
claimed in PCT/NZ93/00087.

14.  The apparatus according to claim 12 wherein the compressor and
30 condenser system includes a compressor, a condenser, and a
plurality of capillary tubes, wherein the evaparator includes a
plurality of interconnected coils and the capillary tubes feed directly
into the evaporator coils, and wherein the compressor provides a

gaseous refrigerant under pressure into the condenser, the cooled
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5 . pressure and returns via a low pressure feed to the compressor, and
wherein the system is a closed system.

15.  The apparatus according to claim 12 wherein the compressor and
" condenser system includes a compressor/evaporator line adapted to -
10 enable hot gas refrigerant from the compressor to enter the coils of
the evaporator to meit any Ice or frost formed on the evaporator.

16. The appai'atus according to any one of claims 12 to 15 wherein the
condenser is cooled by air drawn across the condenser by a suction
15 fan situated inside the apparatus.

17.  The apparatus according to any one of the previous claims wherein
the defrosting means, the air intake device and the temperature of
the evaporator are controlled via a single central processing unit.

20
18.  The apparatus according to any one of the previous claims further
) including a water filter.
19. The apparatus according to any one of the previous .claims further
25 including a heat exchanger connectable to the outlet from the

compressor.

20. The apparatus according to any one of the previous claims further
including an air temperature controller to control the temperature of
30 the air entering the apparatus.
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{b) an air temperature controller which'cc.mtrols the

temperature of the air entering the apparatus;

10 (c) an evaporator adapted to freeze water contained in the

air issuing from the temperature controller; and

{d) a defroster, adapted 1o defrost the water frozen by the
evaporator.
15
22. The apparatus according to claim 20 or claim 21 wherein the air
temperature controller includes a first air temperature sensor
situated at, or adjacent to, the entrance of the air intake device;
and an air heater/cooler positioned between the first air

b 20 ~ temperature sensor and the evaporator.

23. The apparatus accdrding to claim 22 the air temperature
controller includes a second air temperature sensor positioned
between the air heater/coocler and the evaporator.

25 .

24, The apparatus éccording to claim 20 or claim 21 wh;erein the
temperature of the airflow from the temperature controller is
between about 25°C and about 36°C, more preferably between
about 29°C and about 32°C. '

30 4
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5
26. A closed loop refrigerant system including a compressor, a
c.:‘qn:denser, an evaporator and a plurality of capill'ary tubes;
wherein the evaporator includes a. plurality of interconnecting
coils and the capillary tubes feed directly into the svaporator
10 . cails and wherein the refrigerant feed from the compressor to
the evaparator via the condenser is a high pressure feed, and
refrigerant feed from the evaporator to the compressar is a low
pressure feed, and wherein the high pressure feed from the -
condenser to the evaporator includes a single feed exiting the
15 . condenser and the plurality of capillary tubes entering the
- evaporator, the single feed providing the refrigerant to the

_ capillary tubes as a liquid and the capillary tubes providing the

refrigerant to the evaporator as a gas.

20 27. An apparatus substantially as herein described with particutar

reference to am'( one of the attached F':Qures.

28. The apparatus according to claim 12, wherein the compressor and
condenser system includes a further independently controllable air intake device.

29. The apparatus according to claim 21 wherein the evaporator is cooled
using a compressor and condenser system including a further independently controllable air
device.



