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APPARATUS TECHNI CAL FIELD 5 The invention is directed to an app A fgml'
the production of water fromair. In particular, the invention is directed
to an apparatus for the production of drinking wat er. BACKGROUND ART. p
There are many known systens for rermvi ng wat er fromthe air. These tend to
be devi ces comonly called "dehum difiers". For exa

Zeal and Pat \é\ﬁ}(f%o&5§]70439 to EBAC Limted, entl tled "dehum di ;Wdé&gzm(ygou
case, in point. This New Zeal and patent d| sl oses a | S device for

extracting noisture fromthe air in a building. The invention t
New Zeal and patent is directed is described as being a dehum dl f"mmmﬁmm mm"m”

which a refrigerant. is circul at edy R¥ea MARRIESSIHARFPYIN. an evapofiator)

whi ch becones cold, and a condenser; ch becomnmes warm , and air is

passed over the evaporator so that any noisture in the air 24 con;ﬂ l |||||||{||||
t he evaporator, f heN. the air passes over the condense @M@%mﬂ ‘ :
war med beforele%b(%w‘ A 1'({:h'difier. If the water that j . coll )

t he ‘evaporator freezes, the dehunmidifier periodically enters a defrostSde

which allows tale ice ﬁﬂe?ﬁjeﬁmod@aﬁé@c@@,tocarneﬂida‘?é‘cusq r ﬂ%%rB@ué—é‘!ﬁ of cuch:

evaporator is a problemof operating.a dehum di'fier

25 dehuni difiers avaemiyormndiin elst pagtie alt'ﬁéerbfﬁ\(ﬁmk?ﬁ'oﬁ'réﬂeaﬂpramam@amuerfmbut
are rather di rectg,qi E'%dh?g ,{gfrgmqlm fwdrei.sture fromthe air. v Devices
which are directe ecifically to he production of the water are al so
known. One device called the - "WATERMAKER' i s 30 manufactured by Electric
and Gas Technol oggadteroOfipDEktT as, Texas, U.S. A This device operates by
drawing roomair into the device through a disposable air filter. This
filtered air tfen passes through cooling coils that are nade of a .
refrigerator alloy coatiedramreimpol know syatems frrsemoyingswatee floeptheagira
tenperature of ap f ] "0 Y
P0b VIO 06/ 43990 PTRRL SR ESBLE) 35"?‘*%‘*”@?‘*2?’%?? ALl tafed Nadificitiefe"d B, ¢
resulting in droplesempis NemsZealprdiPakens No- BYP4rndt & ERR @ piraked, ramiteBwn t he

coil's and col | ect »yph@nidEne! istd@dse lh%ﬁi& t'hﬁisz@lZebleﬁ@p&tel&@HiEcl&ek%nk
This tank is held inside a Gaog] ed hox ovyg Q{_‘Wl?‘ stystgm and
is fully insullét edje"*Fﬁé‘Pbe’&rF%;tQQB“ﬁ'a%Ermd’f‘ f"lafrl"&lfi‘ltﬁ D9pj Kpato

technol ogy. The awﬂ&ﬂ&his Nee\qnealasd patand imdirectrdtidh desuibed wadieirg at rmspher e.

Once the air has 5?.}_@, {] ne]in%}'?g)reﬂb%tﬁrﬁqgrcﬂEHlﬁte% &Eﬁ'col‘rﬁa gs%%'rtthr%ﬂ %Ce

ice forns on the ice 1s usi ng
gas fromthe condeewsporanmr. whrranb@onvﬁa e%idi 8nq aefondensent which @QEGF \W‘TFHE

I NVENTION 1t is an, ol ag,i,e& Q@er'tnxemab&rstérosdomwaq? Rl RPPR fHelsic Whi ch
neets sone of the dif tres of prior ,art devices or at |least to Qrow de
the public 20 condenses on the evaporator, following which the air passes Over th

condenser to be warmed before leaving the dehumidifier. If the water that
) 3 collects on the evaporator freezes, the dehumidifier pericdically enters a
| defrost mode which allows the ice to melt. Therefore, creation of i jce on
‘the evaporator js a problem of operating a dehum:dmer 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 di;'ected 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 ail; into the device through 2
disposable air filter. This filtered air then passes through cooling coils that
are made of a refrigerator alloy coated with polyurethane. These coils are

kept at a temperature of approximately 39°F. Some of the moisture in the



15 wth a useful choice. SUMVARY CF THE | NVENTI ON The inventi onn?;q MAY 2004

first, aspect is. an apparatus for the production 20 of water fro

wherein the apparatus includes: ) (a) an air intake device adapted to nove
air-into the apparatus; {b) an evaporator adapted to freeze the water
contained in.the air 25 issuing fromthe air intake device; and (c)

def rosti ng weaag3mdapt ed to defrost the water frozen by the ePap6¥ZeeHpe2430
and wherein the volume of air passing aver the frosting surface of the
evaporator is controlled by either the air %4 ntake device or the evapor at or .
2 0 MAY 2004 110 9914990 i,' C T/ NZ99100024 3 Preferably the air intake
device is adapted to nove a variable volume of air over the evaporator and
the evaporator 1 iofeanifRbnbEAM b thadeodoilsTelNBherablandiDe: dibat ake
device is adapted to nove a constant volune of air over the evaporator and
the evaporator hasatar.yahe apater AreEeisIynAn trr epits ol gollechin afpaneitthat.
further i nol udes g deaer )l ik ALl ke s talRleHeldhaRled hERMbox

defrosting the evaporator. Preferably, the ap par at us conpri ses an
air filter situatichdasifstemniaeeling-eYFEM ARS intWYappistadusThers arm af er abl y,

the filter- is a Wﬁo%*?%?'oﬁﬂemtﬁesd}«ﬁﬁ@ﬁ@hbemmbwr ThB2BberAN Yeloufree nldiger

is 200 m cron Washa le filter. Pref erag y #H‘ efrosting neans includes a
defrost * sensor t GrdeftBesLIgURRBS 3iMRSBEBEer MR H SR HiAt bS‘F” Febumidifisdhenas

formed in the evappkaites stopsef lpraddition, tdreeat e fcbrﬁts%ﬁﬁﬁhéwnﬁseﬂhé rrﬁeltﬁrimof
adapted to draw

dgnto the apparatu thro evapor at o
Preferably) the éi‘”rs IR SRS ‘Vfg\é”isg’gsh |%%ﬁe’?°'2&§5t°é’a‘d'f el éé“ﬁmPerlvﬁP'Sh
t he apparatus. PrefresfAtiky. t he evaporator may include one or nore helically
corrugated copduits as described and clainmed in International Patent 3a '
Appl i cation Nunber PCT/ Nz93/00087. !n an alternative form the evaporator
may i nclude a pl QBIEGTY ORfTHEANVENAHMNt ed coils. 1 WD 99143990

It is an object of the invention to provide an apparatus which meets
some of the difficulties 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 prbduction

20 of water from air wherein the apparatus includes:
Y la) 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

lc) ' 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.



4 PCTINZ99/ 00024 Preferably, the evaporator may include a pIuraIiQW]q#Nmeﬁ
having at least 4 fins per 25 mllinmetres of coil) Mre preferably, the
evaporator includes' at least 6 fins per 25 milimetres of tail. 5
Preferably, the evaporator is cooled using a conpressor and condenser
system Preferably, the condenser may include one or nore helical
corrugat ed worsdi4e1%8 as described and clained in PCT/ Nz93/ 0008FCT 9/00024
Preferably, the conpressor and condenser systemincludes a conpressor, a
condenser, and a plurality of capillary- tubes, wherein the evaporator
includes a plurality of interconnected coils and the capillary tubes feed
directly into the evaporator coils, and wherein the conpressor 15 provides

a gaseous refrigerant EME‘;‘%EI HRS&H rRakatovitBds aonsted e movehevesied
“refrigerant exiting the condenser as a liquid under pressuye and Qgin
n% $ |T

directed to the edpmel afrar evHeloefVEPR HPY SEUPRCTFIOE O FRPSEAP TP

tubes then passiggathe refrigerant in a gaseous forminto the evaporator
fromwhich the refrigerant exits as a gas under |ow pressure and returns 2G
via a |l ow pressure feed to the conpressor, and wherein the systemis a

cl osed systerg in oneppiieiz@ry €tk fipinekd dapiparaedsptef to meovyer #semdtannvent i on

the conpressor and condenser system N 5 . .
conpr essor / evapoMaitgie ¢ ﬂéoﬁara%lee%ﬁapgﬁ%gi %%Egé gg?;gér%gﬁg S(%o\ﬁa(ﬁlla }eofﬁg?n?go

enabl e hot gas rTefdal gerant fromthe conpressor to enter the coils of the
evaporator to nelt any ice or frost fornmed on the evaporator. Preferably, a
sol enoi d val ve may be provided in the secondary |ine, 30 said valve , -
control | abl e by the d&fsfestbluetherrramtes dprbesnclugas §irasey it o 6P ary

tubes exits fgoma,tillef.SibHpd&foRRgWRersvizberazani | | ary tubes and the high
pressure feed fromthe ~ 0 MAY 2004 condenser. 2 0 MAY 2004 1J0 99143990

5 ~e'"1'1J~179910002a _
. Preferably, the apparatus. further comprises an air filter situated to

filter the air. moving into apparatus.
.15 Preferably, the filter is a washable or a disposable filter.
Preferably, the filter is 200 micron washable filter.

Preferably, the defrosting means includes a defrost sensor to detect

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

Preferably, the air intake device is a fan adapted to draw ?ir into the

apparatus through the evaporator.

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

the abparatus.

Preferably, the evaporator may include one or more helically

corrugated conduits as described and claimed in International Patent

30  Application Number PCT/NZ83/00087.

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

interconnected coils.



Preferably, at |least one of the capillary tubes enters the evapor gt rMA’P'ZUﬁ'l

at, or adjacent to) the base of the evaporator. 5 Preferably, the®*capillary
tubes .enter the evaporator coils at a variety of positions about the
evaporat or Preferably a TX valve nay be used in lieu of the capillary

t ubes. (?95/% s@p! y, the gaseous refrigerant exits the evapF &g/ GleHm
the top pgv ifon” of the evaporator. Preferably, condenser is cooled by air
drawn across the condenser by a suction fa&n situated inside the apparatus
or blown across the 15 condenser by a blower situated outside the
apparatus, Preferably, the defrosting rre'ans) the air intake device and the
tenperature of the evapor are cont.r | ral,;
processing unit.' 20 R’F@'%P‘ébm? AR AP tOPH §t ll'}}sﬂulﬁﬁgal &B&ﬂ{f&ﬂﬂé h%k/mg ot
reservoirs, the fidisd flﬁglpe;gza mltherﬁmr)afsaoﬁ/cow ek«'mwcpra‘feb@mgh@sedp@@imf

tenporary storage of water ollo foohhe ice/frost from'the
evapor at or, the Belegaget lﬁéFTnG fgsﬁghﬁgﬂﬁn&%gr@o” into which the water

fromthe tenporary reservoir is 25 noved for |onger term storage) one

permanent reservoir can be used E)\FI ggfgo?l?é Xoolk@%s?r@@%%%s&@?EHHO' r

contai ns wat &r | evel B&hEEPY o trigger a punp to nove the water
contai ned in thecdrizposcgysteraservoir to the permanent reservoir. 30

Preferably, 'the appafratus further includes at feast one disinfecting or
filtration device adapted to further purify the wate PreferabL t he
filter is an ozonic fPfdfenablyr, tamca%ﬁﬂﬁ&féﬁyc'lﬁ’ﬁw&ﬂnef‘?rlm‘érre hghicg %r ably, the

di sinfector is ap eleg ﬂJ% il 54 BESGIRH. and AabnddiY RONNAOIYOOASBI0
PS' |'/ N7~991 04024 réuq@r rably, the filtration and/or disinfecting device

is situated between the terrporary reservoir and the permanent reservoir,
when one per nmanent re@%fgﬁgbﬁy,ltﬁe%&&(bréi@rfamhtcmmdleos#rchystamﬁmpﬂmw tlevi ce may

be 5, positioned before the reservair, t & @ggngh@r@ﬁdh@efore
outl et water tapcomfﬁsf’hracﬁ%?de PEF & ‘;U(T)?Iﬁ]{, e (E.i r(J{l;at us of lf,\zggresent

invention may fukybgdratdrdheldeesas Ipémahte'mfhatﬁgé?”%ﬁ 6‘?‘5&’5’ 6 ‘E"h‘é tlet

from the 10 COMPLaeS0 cqfiGEAY Rbne ' NBptbr eENaRG aneTay the donweasor
conduit within a
' 15 provudes a gaseous refrigerant under pressure into the condenser, the

‘coaled refrigerant exiting the condenser as a liquid under pressure and
being directed to the capillary tubes via a high pressure feed, the caplllar\/
tubes then passing the refrigerant in a gaseous form into the evaporator
trom which the refrigerant exits as a gas under low pressure and returns

26 - via a low pressure feed to the compressar, and wherein the system is @

closed system.

In one preterred form of apparaﬁjs of the pfesem: invention the
compressor and condenser system may further include a
25 compressor/evaporator line adapted, under, pre-determined conditions,

enable hot gas refrigerant from the compressor to enter the coils of the

1o

evaporator 1o 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.



tank. 15 Preferably, said conduit is connectable to the outlet of m
conpressor via a solenoid valve. Preferably, the solenoid val ve rza@ 2004
controlled by -the central processing unit. Preferably, an outlet fromthe
conduit returns to the outlet fromthe ~0 conpressor. Preferably the

. apparatus further includes an air tenperature y controller to control the

terrperaturev% 95/%9 ir entering the apparatus) 25 The inventipariNtseedesond
aspect is an apparatus for the production of water fromair wherein the -

apparatus includes: (a) an air intake devite adapted to nove air into the
apparatus; 30 (b) an air tenperature controller which controls the
tenperature of the air entering the apparatus; 2 0 MAY 200 WD 99! d3990
PCT/ ' 29910002d 7 (c) an evaporator adapted to freeze water contained in the
air issuing fromthe tenperature controller; and (d) a defroster, adapted
to defrost the water frrereniattidestSneafapercapidlery ®bes entdot yhe Vepoappar at us

further includes a,reservagir to coll t reated . fromdefrosting

t he evaporat or) Fe'l%ﬁfefoéﬁgﬁfsﬁf‘? E%gk%‘é%éer éf&y\?\ﬂﬁoﬁ%{c}?comri ses' an air
filter situated to filter the air noving into apparatus. Preferably, the
filter is a shabl e I : J {8k enter REELE , i IS
200 m cron vvamghabl e f%?%Fa,(él\aﬁggg?éﬁﬁyi,'{bhe'ege%r osterﬁ?rtr%%:%f ggggfad)ea?{rgéyst
sensor to detect ofipesitianprboet weravapdraddmdunt of ice or frost has formed in
the evaporator. 2fl Preferably, the defroster is a conbination of a warm ng

of the evaporator and and increase in the terrp%[ature of the air .issuing
from the tenperature Regferatly pelX vaige may Bf 4sa@in ey flthg Garilapakeedevi ce i s
a fan adapted to draw air into the apparatus via the air tenperature

controller and through the evaporator, -Preferably he air intak ice is
a bl ower adapfed to fcﬁréffr%ﬁ‘f' Tg‘ﬁ 93FERY ﬁ);rég%{ﬁﬁgfaé%su{she evipbraidf 6% HE4LE

portion of the evaporator. -

Preferably, condenser is cooled by air drawn 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

| Pfeferably, the apparatus includes two water reservoirs, 'the first
being a-témboréryireéervpir being {J’sgd for tempo’rary storage of water
.following melting 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

fil‘cra;cion device adapted to further purify the water. Preferably, the filter is
an ozonic filter or an activated charcoal filter, Preferably, the disinfector is

an electrical disinfector.
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~r00Z AdWO Z . 066b166 l%unher préferred form the apparatus of the preseit invention
~ may further include a heat exchanger connectable to the outlet from the

10- . compressor,

Preferébly, 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 compressor.

Preferably the apparatus further inciudes an air temperature

controller'to control the temperature of the air entering the apparatus.

25 - The invention in a second aspect is an apparatus vor the

production of water from air wherein the apparatus includes:

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

temperature of the air entering the apparatus;



2,0 MAY 2004 WD 99143990 PCTI NZ99/0002A 9 ' the first air tenperal gr MAY 2004
sensor and the air heater via a ducting systemwhich is constrictable in

response to cold airflow requirenments. Preferably, the tenperature of the
airflow fromthe tenperature S ' controller is between about 25C and about
36C, nore preferably between about 29C and about C2C. Preferably, the
defroster, t a' [ tenperature controller, the air intake devi
tenperature\gg&g“?sﬁé evaporator are controlled via 10 a singl fc&gﬁ?ﬁﬁo@ﬁ
processing unit. According to a third aspegt of the present invention there
i s provided apparatus for the production of water fromair substantially as
herein described and wth particular reference to Fi.gure 4. 15 The

[ tion, i f t t d.l t
Systom ahi ch i ncl udes 9 conpr 328 0e=8RRad 8 HR:8 B i RRR D ThE 2

plurality of capillary tubeg;issied @iohn tineravpgatiattontolldickHges a plurality
of i-nterconnecting coils and the capillary. tubes feed 20 directly into the
evaporator coils and wherein the refrigerant feed from. . the conpressor

to the evaporator vi a@he congdens . B?p‘?ed%g@efpcgsqstﬁgr\/\?a‘t];reﬁ'g%er]ag\?vt%? essur e

refrigerant feed from'The evdapora e conpressor

" feed) and. whegein- the highepepsatdre feed fromthe condenser to the

evaporator includes a single feed exiting the 25 condenser and the
plurality of capillary tubes entering the evaporator, the single feed
prov ding the refri geralfe-dd he agaeiéméwrtwhaauaésarLéeq\wmfit@egnéae
capillary tubes providing the refrigerant to the evaporator as a gas.
Preferably, the sheglaefaesteexiimmgftdsingdheenseeratert ers a refri gerant

~filter fromwhich'the plurality of feeds exit. 2 0 MAY 2004 WD 99/3990
- PCT/ Nz99/ 00024 10 Preferably, the plurality of capillary tubes includes

bet ween aboutip3 and almeferaty cidpidpbaratus hineser coonerigpsedredinbhyr sbeied 5
capil'lary tubes. 5 Pref.erably) at | east one of the capillary tubes provides
gaseous refriger antiienthe %’h@‘%’é‘i‘%taBPa"taﬁ‘b%s at, or adjacent to, the base
of the evaporator. JO Preferably, the capillary tubes enter the evaporator
coils at variety of positions in the evaporator. Preferably, the gaseous
refrigerant exits the Revizpiiatide fillehds aiwashableonpsispoerblé fitert he t op
portion of the evaporator. 15 Preferably a TX valve may be used in lieu of
the capillary tubes. _ '
.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

evaparator.
’ 20
Preferably, the defroster is a combination of é'warming' o% the
. evaporatbr and an increase in the temperature of the air issuing from'
the temperature controller. |
25. - Prefé'rab}y, the air intake device 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, the condenser is cooled by air drawn across the . conc}e@s'%Y %U'&
a suction fan situated inside the apparatus or blown 20 ~ across th
condenser by a bl ower situated outside the apparatus. ' Qher aspects of
the present invention may becone apparent fromthe follow ng description
which is given by way of exanple only and with reference to the

acconpanyi ngodeamongs. DRAW NGS The invention will be descri bRETMIZEY00024
reference to preferred forns of the invention as shown in the attached
Figures. In the Figures: 30 FIGURE 1 : shovks a cut away schenatic
representation of a waternmaki ng appar at us; 2 0 MAY 2004 W O 99143990

PCTI NZ991 0002A FI GURE 2: shows a schematic representation of the apparatus
i ncorporating a hot gaBrederably, nig £varar B inQuetCuRIrality st omsreorsehtatht i ¢
representation of the apparatus further including a heat exchanger. FlIGURE
4: shows a prefer$¥d: formof the invention. . 10 D)=T" ALLED DESCRI PTI ON OF
I NVENTION ' . The invention is directed generally to an apparatus for the
production of water fromthe air. The water- could be used for drinking
provi ded suitable filtBrederably, ohdevanaretarineitdeevipb@slityarad firschavdeglzaor coul d

15 be used for_ ot her l'i catjons.as wll be readily, apparent to a skilled
person. . It Has ’Sé%%zgg'ﬁrm' tzﬁ‘a?ﬁ]\'/@?%?s 8gﬁ°-g'e TR %ﬁeé%ﬁ\('yﬁ‘reeeh’ﬁ{?&?t?rr omt he
~air by freezing theunat ek 13t iR %é}ozsahqmrﬂetvgslw dqnperature of the air

v
2'0 crossing the evaporator is held within certain tenperature limts. The
freezi.ng capacity of the evaporator (based on conpressor size/evaporator a

size), is constant as is.the,Vv .al rassi V. ator (i.e
a constant speed fan ngefﬁrra *yé(r%g-‘g?gaéég{ .qs%oﬁlﬁg L&E?%%O%\?%%g@ﬁ? entering
t he apparatus coukghdensat bwstesh. by varying the speed of the fan used, if 25
necessary) in response to the tenperature of the air entering the device"

but this was 1@nmited as the air tenperature was held within a defined

-tenperature range. The pyati-aR), 48e %freteﬁ%@hh‘al-é esnPNleR i dsad fiRrQsessi ng
unit of known construction. Figures 1-3 attached to. this application and

the fol | owing di stdrosereturaisehsorefiaptascet, 195 FH3RENEL0,. the Fnieper s thhair 30
di scl osure of thi gl ”VSQ%'W;’;{‘aghd“%;& Die rh%ta@err%%?ert&;sit!:dngb‘rb%t\&;a%n'ttﬁaeﬂ?sqr%ﬁ’rr atus. 1

i ncl udes a sucti th?léEh aws alr from'the atnosphere surroundi ng
the apparatus 1 tksrapghanas sansofdrld te empeeatoB, over a first air

t enperature sclasnsor 4 and thus into the

Preferably, the air temperature controller includes a second air
temperature sensor positioned between the air heater/cooler and the

‘evaporator,

) 20 Preferably, the air témperature controller includes a third air
temperature sensor positioned such that the evaporator is interposed

between the second air tehperature 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 alr

flow being directed between the first air temperature sensor and the

air heater,

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

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



7 and a port| on of this air, now' cooled on the evapora

2 0 MAY 2004 WA 991 43990 PL T'/NzZ99J00024 12 apparatus 1. The a Z Mg?nzuué
passes through an air heater 5, over a second air tenperature sen (gr an

t hen through an evaporator 7) An after cooler air tenperature sensor 8 may
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 wat er | evel sensors 10 and is. connected i er.
Qe K6 &g)wggﬂgﬁfg%

feed 12 to a ndin water reservoir 13, The water feed 12 inclu

. filter 14, a water punp 1.5 and a water disinfector 16, The water feed 12

may al so include a recycling option via recycling return valve 17 to the,

tenporary water reservoir 9. i 10 The apparatus 1 al so includes a cold air
duct 18 which Ieﬁéﬁlﬁpamgﬂﬁgﬁ%@ ReLVLERd &}h@a;f Ihreg{erwa%sm sensor
4 and the air heater is cold air duct can be opene or c osed via

t he action of. de‘fvh&xﬁle-rc.onpﬂrmmlam teEponsd %o onld tifevargquitefegst or pl ates 20,
20a. As shown in Figure Z, the 15 ~ air deflector plates 20, 20a ors, in.

" a position which would allow air to flow through the duct 18 is drawn

from the surrounding Ppgfgggghqﬁ@té&h@e,%mes&q%%lg@pﬁgm @Bg a%yrgpor at or

efl ected
into duct' 18 vi comtedlleedt berv\pﬂear@omé!‘B"Wmd Mun@fﬁ”@rmp}eapreseralﬁlyand 20a are

in the closed position via the a p~.of deflector plate actuator 19,
é %Ialné LH’(?FI‘ ¥

deflector plate PVE§ e 18 and deflector plate 20a is
rai sed out of the path of the air being drawn through the apparatus by
suction fan 2. The tenperature of the cool air passing through duct 18 is

- deternined by after cBtfeEbly the dafiesigfuthe Artsorerstppsrrteisadhsetiieen

evaporator 7 and }é\flehgewéé‘ @W{Eﬁpérgtlﬁérof%ﬁetegg;%%%%?%gee %ﬁ%ﬁ(ﬁ&%”ts and

the tenperature.o e coo air exiting the eva uct 18 may
be constrict®d as sivedeleentol pdecfdserngmnrpl ate 20. The sensors 4, 6, 8 all

i nput information into central . processing unit 35 which processes this
information as will be known in the art. 3a The apparatus 1 al so includes a

System for i roul ati ngBofld L8RAR oL EAUAAEL N RYRRRIERO uers T SYStem

shown in Figure 1- qug paratus 1 is a closed systeminc a conpressor
21 which is attaBhrEadrRPaEdnadpskEr %2d9%0%°ﬁ%e'p?@§§fr@bﬁﬁé@3§‘8asA

suction fan 24 dramsn déddribka @mytvieh phrizaptakeerendd AlFigirRg.t he apparatus 1
t hrough a nmegh screen 2 0 MAY 2004 W Q 99143990 . PCTI NZ9910002A 13 25
over the condenser 22. The air then continues.through the apparatus 1 and
exits via the mesh scridgnnggition, im feyHanRest: D@y ke sasartodsmelosed t

evaporator 7 viajg %9#31;&&@&%%%6%&@&@5 CE%%S%ZV 2Pedr géﬁgnﬁea@nt

fitter 28, and caplllarytubes : shown i1 n the preferre odi ment of
the invention i nEFargmm‘ear ahd & hlerai!T\aDéCfiPerf\/cwﬁS:l wbyre!mﬁ@sevammrbr exit
refrigerant filte anhd d refrl ant. i nt the at a
hi gh pressure. ﬁnc, °8es|af P%ljfaf}\%{ub'e%mf@nne 'ﬁ C°' a"qoghe P apgr af?%

vari ety of posi tldQBEtly irftthexaapdretaatcolftany \Bﬂere&ﬂt}ﬁﬁdﬂgb%nﬁ eddd fremant
exits fromthe tog -of the evapagrator 7 via,a low pressure refrigerant
return 31 to the'B®RPIEEEHP ‘?ﬁ“e evaROTERHNIR the CFR"Q’GP%E’P adyad RSP Et us 1

al so include a breal NGl RRASheraVPfeBl HARY She SORSHEL3 20itRe E&%Fr@g& wat er

'reservoir 13. The breather and 15 water |evel sensor 32 also includes a
breather filter 38w pkesarbdeed @ndheherglmthrahieh pressore/tsied fagntle a tap 34

from whi ch vat er GaR &) tobRE JBIAAFRIAES TN 103 dflid Nt rol I ed

manner .
25 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.

30 Preferably, the single feed exiting the condenser enters a

refrigerant filter from which the plurality of feeds exit.



s preferably fornmed. of

Apparatus 1 further includes a central processing unit 35 which . 20
controls. the anobunt and tenperature of the airflow over the. evaﬂoﬁaMkﬁYr 239!1"
the airflow .over the condenser 22, and the tenperature of the evaporator

T. . The central processing unit 35 also includes a defrost sensor (not
shown) .which will determ ne vvhen there has been sufficient ice and host
build up i n WDI%/M4¥8porator 7 and vvhich, as a result, wll deP&TMNIR/MPEN

25 the refrigerant will stop flowing into xaporator 7 and when the air
tenperature flovving across evaporator 7 is maximsed via heater 5 to nelt
the ice/frost on the evaporator 7. The central processing 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 conprise

bet ween about 30 and gbout ,50'..connecting tubes. Preferably, the evaporator
7 will include about i%efeaﬁw en‘a”{ e d? Cégﬁ‘ﬁ“f tResit %‘Fgﬁeegefa\'%ﬁ&hber of ,
preferably angl edyofit BSandTiHRIR TMRYapiRareibRENmbPIbraBdnR] Sltu: i RS0kt anged
over every 20 to 38 mllimetres of l:'{qhe connect i ngb - OR/I\/AY 0502 R)\%rg/

99/ 43990 PClI " 1NZ39b&H024 14 tubes in the evaporator 7, and there may be 6

angled fins per 25 mllineters of each tube. The connecting tubes are
"'one mllinmetre tubing, however) this may be repl aced

by’ any suitable form qsre’ﬁéﬂ%l&l{)ﬁaﬁl%a&i bhe la¢ tha@apillkfy fbes RFdvideGabRBOr at or
7 may have four 5 layers of this tubing which canbe interconnécted to

al | ow r ef ri ger antrefrigetamgvintohtheuryteeeraten s ksmplo Cat2diace Tt toThbe basbof ths

| ayers of tubing rg/aéorba(% rbet ween about 3 and about E as desired) The

- evapor at oP rnay al tBria i'vely be formed of a mesh material w th openings of

bet ween about 3 and 5 mllinmetres, nore preferably 4 mllinetres, although

"any suitable mesh as 10 will. he knq in the art could be used. In the -

nost preferréd form tﬁ’*féf?’?r@%g‘c?p%?ﬁ'm%? WPEF CHEPT ARG ICYBPY R FAIRST i ne of

initial airflow entikYy ofbbiithein Het &Fdpiriiee, woul d be to use angled netal

plates at -the front of the evaporator with evaporator tubes at the back of

t he evaporator to cool the plates, thus allowing ice/frosrt to formin the

angled plates. 15 In nat i far tor 7

- may include one or no?%eﬂgerél gaﬁéyg%&"?’%g?lﬁg?'g@{] u}sttgm,e rgtvtﬁgggg eacLegé'gnduit

as descri bed and tkavapearater firohetheabpgreatiopatf ehe eappdretat i on no.

PCTI 1 VZ93/ 00087, which patent specification is specifically incorporated

herei n by reflérence. tow . . .Such heli cally corrugated conduits may al so

formthe coils of the gRpdenses TXIva@hiayl bé Letd th I8 oD Ofapiinyy Subdsabl e

form Preferably, the filter is 25 a 200 micron washable filter that may be

- renoved for cleaning as necessary. . This filter is not essential to the

S operation Of the appar pldisai Ao Baulerdddr it QbRa by dcatl] 2B8:Lendl 1Y
apparent to a skilled person.” The apparatus 1 also i1 ncludes.a water filter

14 and-a di si nf ectordebh6er fhesactiay for sobatadyinsidetthblagpangpes ohblwewrer

el ectrical charge disinfectors as, 3@ known in e art, will Dbe preferred.

Water filters*%ucf'ass gfoﬁ‘? SPft BY & tﬁﬂﬂ'%éﬁ?@%@e%%ﬁﬁ%%fpp?ria?’fsérs 'for

exanpl e could be used. As will be readily apparent the filter and

disinfector nmay be omtted if desired. 20 MAY 2004 WO 991d3990 15
' ' Other aspects of the present invention may become apparent from

the following description which is giveh by way of example only and with

reference to the accompanying drawings.

25.
DRAWINGS
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;



pCTI 1" :ZS910002~ As can be seen in Figure 1, two fans 2, 24, are p{eMAYo2004
suck .air into the apparatus 7 . The fans era preferably 800cfm fans) but
can be replaced by any suitable device as will be known in the art. The
fans may be replaced by air blowers or simlar devices for exanple. The
.airflowinto the 5 apparatus 1 is inportant to the efficient running of the
appar at us. w z‘&gb speed is usually run between 280cf m and 80&-tN#¥9/00024
depending o W& 2e of the apparatus. It is an optional feature of the
apparatus 1 to include an air . speed sensdr to determ ne the npst
efficient airflow If the"airflowis too fast, then icelfrost WIIl not form
in the evaporator. If the airflowis too |0 slow," then it' wll tend to
formon the initial parts of the evaporator . restricting airflowinto the .
evaporator. The air tenperature sensors 4, 6 and 8, as shown in Figure 1,

are present to ensure glRire be iipeEathedant rédresantitiddnssineGappeeitukhe 1S ~
evaporator..? is maintarned within a set tﬁggerature range. The tenperature

.of the air passing over the evalIGPHROEFINE SASHETE BEIHM i°Bhout 25C and
about 39C. Wth a tenperature of between about 29C and about 32C preferred.

The air tenperature seps 8 can i abI dvvrII be
connected to the cent r,&%sgﬁ‘h ¥ rﬁcpgr% §£ r%}gﬁeanaﬁcﬁ’eo Bﬁy%)afau% : '
this manner, the central proceshirtigerimiltdiBsg adwat epoitargkr.. t he terrperature
of the air flowi ng across the evaporator 7 via the , . conbination of air
‘heater 5 and a cool: airflow froma duct 18 via deflector plates 20, 20a.
The air heater 5 mayFHBURE Be: soway Riatertes) farm & e v eqrien- preferably
..contain a nesh having between 3 and about 5 millinmetre 25 squares in the
rreshr Preferably, the suares W1 | mllimetre squares. The
ai i ~heater 5 thouPETHE-ERDEEERIFIAC Fabout 25 millimetres in wdth
with a width of about 20 mIIrmetres be| ng preferred The wi dth and nesh
di mensi ons are not ess t| al ele i si mply
-preferments as this wl e Y% dﬁ}ogr r§ct§3ﬁcg}e21§rétllg‘f§% a%@ atg%gwﬁégt ed when
passing through t heoduesiba i} Witer tfpneﬂtﬁr aihs The Waier eguid hearse¢ o dinkiR@y with

the size of the a Aaeota@.pﬁeam rh QledicKbld RdIIRESH EouThEr €
“are, however, gfo?fé%’é&é*lﬁab?é i%'lsa HH{‘} ;a 4 mbe achl ev d d the

t echni que of é@nt r’oerqsreﬁéow@earappr'@ﬁ*ﬁe? éFuW‘ pr‘?é‘%ﬁ’ﬁ he cool
airflow via duct 38,8y be replaced by a variety of other 2 p NAY 2004 WO
991 43990 PCT/f 1299100024 16 rnethods. A single heater/cooler unit in the
position of the heater 5 (as shown in Figure 1 ) would suffice provided the
heat er/ eool er unit couIldhambad:rafovrtdrt@a‘amm@ﬁp\eb%@fdrﬁ@nmtrh'iﬂﬁvﬁfhéfom the air

tenperature band za'%d‘t r lb%'é’n 2 dfatds @)thaRempblabukeifangnae to .
apparatus .7 as shga }%rg\é{e? e FJhae conbi nat}M(E)n orf al rflgﬁ/gthrough

the evapor at 01207) C’tfh%smﬁ 'éwpe\reepmtoa'ﬂelé Hﬁfh"arcrrta'aﬁamﬁﬁfém’&'F‘é‘ﬁ%r of the
fins and, tubes i Wrééiﬁwg @B{:ﬁ@ﬁ?@‘@ﬁe évapdibtd (Bawedi arecdropreaxérndisde tdporator
.efficiency of ice a “f-r ost ion,on th I r t Loned
previbusly) there %ﬁeg %, CORTPRE §° Ef ed’é’ Ut di ?helg'r g}é"\aﬂgg‘ h evzﬁm%%mn(?g b

t hus reduci ng t he efristaitespeyd dén Wes nrd@w*ﬂesﬂsei@scﬁeb\eqjumﬂ?éeee dérﬂﬂ"ﬁ'd??rl ers
have mechani sms deg, gé;%g a]EtQS B0 alhﬁed ‘5? Ry hQE L ded NP ITen tURed, if

dehum di fi-er .oper ate rciently hé apparatus of the inventi-on 2 ﬁwn
in Figures 1- 25 el n%@SQWnWaWSéMﬁ‘-‘dCeWP tﬁf’t?d(ﬁ’t“ieo?f Be arRNtEree oLtV 'Fh the

evaporat 0& to proﬁﬂﬁ@mﬁagfhfrﬁn?éoeéﬁ tﬁﬁﬁérﬁferﬁ;@erﬁ?keNd&&@@mﬁhuﬁﬂnad vi abl e
wat er producer. The system provi refrigera 0_the

provi des an evenl yt9RPeARER FPeder dB’é"?a?ﬁa%e‘?sf %’&L%PHDP ‘Fl%g\é\?acp%‘}r%l/gpo%%ﬂ%us
ensuring that ice apd off k@& ivn2Ebriseriuadbh.0 Aiguses b4 awidhed tbtthrscnp@hgenm
evaporator 7. !f ice rns -t i dl at the fr rt

evapor at or near est the <§ }N‘%?Fﬁg {3 i'Fl TG eevtéj(r??é‘fr%ge) 1aéQ r at us oper ating

efficiently bysstoppichgusd dsrftm:wirlvlannongh t he evaporator 7 and restricting
ice formation to that front portion.

With reference to Figure 1, the apparatus 1 includes a suction fan 2
" which draws air from the atmosphere surrounding the apparatus 1 through

an air filter screen 3, over a first air temperature sensor 4 and thus into the



“included to control

25~ As.the warmair enters evaporator 7, the noisture in the warm iy M& 2004
cool ed and forns frost and ice in a controlled manner within the evaporator
7. When sufficient frost and ice has formed on the evaporator 7, as

det erm ned by a defrost sensor (not shown) in the central processing unit

t he suw(ll%gg/gjgg(g efrigerant to evaporator 7 is stopped. ancdhezdamb430
y

pI’OVI ded b eater 5 is maximsed so the airflow nelts the ice and frost in
t he evaporator. which collects as water in2tenporary water reservoir 9. '
Alternatively, the tenperature of the airflow could remain at nornal

running tenperature. This would, of course, nean that the ice/frost .
nelted | ess quickly however. ~ 0 MAY 2Q04 WO 99| 43990 PCT/ NZ9910002a 17 A
further enbodi nearerywElld TR airdeen RESTROVITLYThaBeIrPeRtyr RiovenBiecol Gir

shown) posi ti ongghext@rdatdsbrte aaap@qreattusouﬂgh ASevdRMioh 17 FAgEHer doclehi Ch
woul d blowair at a set. tenperature tgr Ougfﬁﬁgl r filter and 5 qver the

evaporator 7, PRibYETRYIIUIR SEBRRIT MM Be 61 betyesn tha ?Y@%?Wra%ul d be

adequat el y contfﬁal J&@hontfaﬁf 2ap1maé aw,@orhaw mmemdﬁlowmnaorwmtérhen
have. the option of excluding erature' sensors 4,

6 and 8, thé cotﬂSFWQ"c%nﬁPﬁaTtef"EPr?’ﬁfy wa#ﬁfééfwmbﬁ ‘P&'é’d% BYASUAFGIRE 18,
as vel | as the apranigaterndrtaddisacvatentdaan2to Bansisavitee résdricr nBnol ogy

d I t
ke dovt co ¥ TRl teb i lreteS o bahe Wi e Roef s G, flher
'Figures 2 and 3disfidsctanial tRiaaktarefeed Tditiayiabrraincivdarasreofclohgf omiin vig or
de-icing the evapor tor in rence to. Figure
.2, the gl ectrich Cyﬁ@'ﬁ “5'% Vi gﬁ%scrﬁb“ﬁ%% el Hsiid 8 °

sys ve may be.replaced by the
i nclusi on ofo a secondary line 40 interconnected with the line 41 between a

.. conpressor. 42 and CO&ﬂQ%@F&aﬁ 1%1@&&6&:&%5&@@@@& 1330\Lvﬂmndaa@{d/aqe is
-ow of 20 refr%’%erant

. ‘L ah hi. s staﬁg bss in
the formof a h&PaqfaRet™eRPAhGHIT T SHEBHAAYY el 28" 8% AL NETEIOF af BF 4b.
‘There may al so beididicduders aanlbyaipehéd andtigredssatie yaloncofidefleetovemate he

condenser 23 a"SSLRROIAL O 4%y ALt it (e G, piaRgnates <°

and conpressor 2 tem v def iclng can
occur withowt hairidefietor Phates @@ t2h‘)@ a:gmrmaswmon WhlomW‘PUlﬁ@"ap'p?'éé? dexy by

those skilled ' ool 384 abbey o %ﬁ,stareevrp%romrﬁﬁmﬁeﬁgram Bhef@)As €M
enabling a hot gas e evapor at or be used ip any air

condi tioni ng pl &Mt suedansianng oYehtf 'Ei‘i’afqoé?@' i @pPﬁPQe‘?f ’\;\‘Et%f' ki ng
machi nery. Fol | @@bRd GolHeaSdnemtef 7yat é¢fldated imeo deoy 08 aty deftsrorplate 9, ' t he

uater passes LITQUIN b ehetiy PR AP A dotnl DGEIA: Mo e BUREL of en

water has col | e@%&d EEErVal T W hed wat er
2 0 MAY 20040  action of deflector plate actuator 19, deflector plata 20 closes the air duct

. 18 and deflector plate 20a is raised out of the path of the air being drawn
through t.he apbarétus by suction fan 2. The temperature of the cool air
passing through ‘duct 18 is determined by after cooler air temperature
sensor 8 positioned between evaporator 7 and fan 2. In response 10 air

25  temperature requirements and the temperature of the cool air exiting the
evaporator 7, the duct 18 may be constricted as needed by deflector plate
20. The sensors 4, 6, 8 all input information inta central procéésing unit

35 which processes this information as will be known in the art.

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 closed system mcludmg 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



WO 99143990 1' CTI N29910002A 18 | evel sensors 10 which comrunicate V\QtM\A\{ 904
central processing unit 35, punp 15 is actuated to nove the vvaterzf om
tenporary water reservoir 9 through filter ‘14 and disinfector 16 to the
main water reservoir 13. It will be readily apparent that devices 14, 15,
16 are optional) Filters, such as 5 activated carbon and other standard
fiiltrati onywieyyerse as well as. the disinfector for renoving PCT/NZ99/000 4

m crobi ol ogi cal organi sms. which may be present would only be required

"the water being provided is required for hul¥an, or perhaps ani nmal,
consunption. .The punp 15 could be dispensed vvith . and a sinple gravi ty
feed to an external reservoir could be provided if 10 desired. Further, the
apparatus would r | roduce water vvhich was . not
stored in the ap,pgrggci\}ue}s(ﬂgeufgﬁ%gezgkl m”w%ﬁﬁa’}’%%easﬁm%héhglaﬁ@ﬁéaws1
gravity feed to bendissis viemiei raesh gcreen 386 preferred, however, to include.

t T'east a tenporary reservoir, as. indicated at 9 in Figure 1 Punp- 15
can, as will be readily apparent) be of any suitable form15 as will"' be
known i-n the art. The pghefcendensasyt @nt\hfeorcogﬁnevtedilmgavapbufaﬁdsrl'geraaéllh.gtrp the
evaporator 7 is a sh wn

di scl oses a spim Fféégérgqeﬁggs%ggﬁfgﬁ jeﬁ atha‘:?rs]Slés}"fp‘gnE %w?zw i f)aenn"aé“é l?
-apparent.- to a 20 éﬁlﬁhloéﬂ’ ipahs dricterrsd Q’ﬁ?%d’MF@ﬁﬁh@:wtd’tmelrrfégbace;jﬂteye a

variety of standaeg f\saef Eé;ﬂlﬂ{r@%b&lﬁMdh eﬁY$éﬁ§Eran¥hﬁe§¥§ta¢1@f8 @'kﬁe -for
exanpl e, be repl. ag{g ‘f:fé g ECthI 0 y%g npr essi on sys or
rotary pressure dE/'egent "”qu’ € pFﬁF“’ﬁreT@r‘F@dlasyﬂm‘?Qlt
woul d” be wel I w. thmrtmee&ydramy Jokt avskew enpmlsw 160ebHehIS YERnBYHEMs to |
achigve this . t n skill.ed in this art,
refr?ger ant - suppl f/ﬁ%tmgt g%\,ﬁggﬁm .”@F‘r@‘ﬁa‘ ﬁvlff’araii%’f?l"&e?%‘f’ under -
pressure and converetss!ﬁﬂqaﬁfrigeqmtcteneﬁrfi1g€¢afmftcompaesgaxSZi.or supply to the ,
evaporat or are.known. Such systems can be used.in the water-nmaking system
descri.bed herein. 30 However; the system as described with reference'to -
Figure 1 has significaff sBaVWhindgess b CERREFEOR | #5a inddeys besrsheriamsin
systens convert thatér lqwldebﬁorgm:rr ﬁfd iagre thvaanér dfé)semtrhl@STﬁéJBFba%ﬁer' dhd i ne

adj ust abl e valyes s fri li ne
Gsually 1o thE tof b 8yd S8Rs P2 SR el Bt e s o hanidifaeher ae
refrigerator  techneirogyjer resergold 1I\'Mi¥ 0034t ady VORIt 3036r EETENE O 62024 | 9
such systems do nQfagf QYidsireNvei £ oo PMRLnENE Whal e of the evaporator.

In the formof. the refrigerant supply systemshown in Figure 1, the 5 ~ '
refrigerant used in the systemcan be of any suitable type as will be known
inthis art. Refriger ampaa&m@manﬁb} Efcﬁfdds@[:&&%lbﬂéb%ssmg unit 35 which
hydrochlorofl or 0 filuorqQcarbons caquld all be used y
al ternative re(#jrl géﬁ‘ﬁ @%F?"ac’b’ﬂ ?8 IR Opﬁ\(?h""grégﬁlgi'@rﬁhﬁﬂaﬁgramm
enpl oyed. 10 The @mﬁ@@@wemhmwwemetsa@ph!yd the terefaregee ahthaiadagorator
pressure the condensehe 22niBYpleeaig AR 3532158 dnagaaﬁé defro%tys%%§brW | ow,

medi um or hi gh pressure conpressers can be use [essors
Provi ding about 1809¢P whickbwilt deteumipgopben soriedaseess syl "aﬂr'ltth%u@hdtfm% i's

15 not i ntended. t Buleupimiid e@p@mpmmm:@m% #festREWAROMe A when
conpressors s%)pl ernmetic or fan cool ed t%pes may be

used, for exafpl etherﬁegx%%ﬁﬁteﬁ'zlrﬁté’pﬂ ‘?"”EZ”F%?"%@’&FW’ anst WhRD tReRFabl e
form as will be keroperature dlos¥ing Iaecbspeavs:pnrzandﬂlhma&ﬁﬁm’eﬂ ivingekbed to melt

condensing units @}Héf&egg%@ 'g% pRRbess Weuzlz%wtgg sul %giglg\eyn&fgé #Qrsect,

exanple. In addition ressors onpressors
could al so be useﬁoﬂ'fm@l}hﬁ alﬁleeaﬁ‘oaroftﬂh\e areeratoaliain Tamﬂ ication. Any of a
vari ety of condensing units may be used and units supplied by i . Enbraco

Aspera, Bristol Conpressors, Copeland Conpressors, to nane a few, would
also all be sd8ftable. The evaporator7 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



.23 The.refirigerant is supplied in a cooled condition to the evappgaMM‘ 7004
at a.wvariety of positions (e.g. position 30~ as shown in Figure 1. The

cool ed refirigerant passes through the filter 28 and enters the evaporator
7 via the plurality of capillary tubes 29~. In the preferred form these

capil lary 3Qyd bese@9 have a bore o~fi about one millinetre, tjr/ﬂzbﬁlﬁoom

hi gh. pressure feed tube 27 has a bore of about six mllineters
preferred form there are five capillary tupes which exit the filter 28 and
enter the evaporator 7. . The capillary tubes have a reduced bore and are

preferably wound in coils-simlar to a spring. The reduction in bore size
coupled with the Lg}e% Z 0 MAY 2Q04 99| 43993 ~ PCT/ NZ991 000?24 20
pressure of the t i '§Pa kY e RG2S &I BR £hEnderafins AET RRe

refrigerant fr Omrﬁlhirﬂe%lélscbffefhrcmt(lﬂe.g Tharnmde)cﬁhg tab@agre ﬁb@rwfgﬁﬁ@@%
t he evapor ator 7 at

refrigerant then seeps direct into the coi ste

a variety of posPP? ﬁg‘mvﬁﬂecpﬂbﬂxq SRWEG tip ﬁn@(/é §<{%q B EMG FUitRDle FRET

- evaporator 7 of bhmtﬁng al%e'bxnltgsekrmanaﬁue Ihe Tas evdporaet 7igey ARve than exits

. the evaporatao |Isf %—:\ lﬁ}) thc=b orator%~b @ i ndj cated at 31 )
and passes U der ISW O{ﬁ ’Egt uﬁﬁn FOPELonhT Biyrepecsifidre it

is pushed into cﬁadeﬂsmgrﬂﬂn\nhemeapdsratw 393]’11@ mmndensfeldydaratc@ tabingquéy bel 0 '

The length of th a|I sed wikl p n the bore dianeter, of

the capillary ang ,p ‘%([ tsaﬁé e\e/aa oJrja %r% 2@’? gv"LP Y ond mayt?ft r?%té\ﬂeli’ube

from the condenske fomtrbb%eem&ibm@teri}il Mﬂd caboings Bf petWeerethas Hena S t he

_bore on the capi LiakiSss, Y}ﬁﬂ%% Q‘@r nlhrﬁe{?'e]s' élgﬁ:tu%?xsanr\_{ duitaBielesh 38 e

mll | metre bore feed tube con enser was: uyse

111 ar
15 ~,woul d b¥ ab¥i be an We‘thleeaéT calePe BIRA-r M@Oﬁbmeﬁrmf f%ﬁdl‘t%’?
cal cul abl e by a H@sh'd’}‘:&inp@ss\ﬁ)m bel feg b€ EIrh tRAGnB Wiafal é?lfﬂoW@n pidlary

Lgﬁgfe?sl)lr/ condeﬁg—éﬁe’f%@& etW@“%ﬁ'?)ee mugﬁ%ngﬁeidfwgv\l\ai?% gﬂ’egﬁ }é?'étr?feﬁ‘e

refri-gerant syst evrapscnamnmein tevapdératpridbesfat tyebaok of thoevempaseous chor the
whi eh 2045, {enpBlLe s Rl EliefiRELb YA hOS-guaRgLALOr coll s at a

variety of - posFtl orfs” naxi he efficienc he 'systemto cool the
evaporator .levenly. The system s ability to .convert the liquid refrigerant

to a gas and . then dig %ﬁtélﬁémg’t%dahb%ﬁ'eﬁa&dlmﬁ thBea¥aResat efachtiugeat . a

vari ety of . p05|t|ons uéli n? at th Ee of the evgpor tor a‘%\% ﬁ{’ g

with renoval PP%M’t“PI%’eﬂ?fB Y FHEURIG (?P& Bits: HgoT535R| PNEUR S 8Ges

both in terns of agOlaimrd ih r‘ntte(afanrbnelfpahﬁt @bplidatmche VT /SNEoBjaep &f, t he

evaporator. Alternat,ve known I ne
q’u h pa em ﬁ“é&th uce&%h l%glyqﬁlé&gn&qeéﬂla}éhé %9 ré e}é]'aéé

val ve (.or series. &or Fo°fe us‘achi evi ng
gas conversi®h coul d aI so be used in the apparatus 1 as has been stated 30

previously. This SySt%Uc‘ﬁsﬂxé?ﬂaﬁmcéﬁbé'agﬁe@m&\d%ﬁk"rﬁa\} S1sHS86n WheBoidI6 fHeeSSUr e
i s- above.3000psi and woul d. be a far nore expensive option than using

capi |l aries as WSPP9&RS%aving lintations of use with |ower pressure
syst ens. 2 0 MAY QO04 WC~ 991d3990 21 PC f/f~Z99/ 0002~ As can cl early be

soen,in Froure, L eGPl clibes 3 S0 SublEisiener gl L 8l e,
30)- Wth ~reehoval 200 nbiheort wpsl(xa:sie disst gmsttredygerr@rra:lvby fat cl@anmgd?@m gned to
mexim se the evenpess, Of THilGiGP N hi0e&dentiefio 1A BpQGHES of the apparatus 1 as
shown ih Figure 1, as Will be readily apparent 1o a skilled person., The
apparatﬂs 1 also includés a water filter 14 and a disinfector 16. These
may be of any suitable type, however, electrical cha}ge disinfectors as
30 known in the art will be preferred.. Water filters such as ozonic filters and
activated charcoal filters Tfor example could be used, As will be readily -

apparent the filter and disinfector may be omitted if desired.



5.icelfrost fiormation, in the evaporator 7. As opposed to known, 7 0 MAY 200%
refirigerant systens, the capillary tubes 29 used enter the connecting

tubes in the evaporator 7 directly at a nunber ofi positions on~the~tubes.
Once the refirigerant has passed through the evaporator 7, the refrigerant
exits near, . , or at, the top of the evaporator 7. The refrigerant is now
at | ow pressw@s9109%0 and exits via the | ow pressure feed 31 angcTmabaeR4t o
conpressor 21, thus conpleting the cl osed Ioop system provi ded by the
‘apparatus. It is the ability of this systenf to evenly cool the evaporator °
that allows the system. to operate nost efficiently 15 ~ Figure 3 show s

- the apparatus of Figure 2,, but further including a heat exchanger. Thus, a

~ further line 50 fromthgs Qgﬁ et s @k i %@Qﬁp&%sgﬁs% oay g%% ROk ek zir into
“refirigerant gas fromthe conpressor to a coil oSi tioned 1 1 3 water

tank 53. The out| éhespparatenlt hErGC NS 52 PIFHErRRY §ﬁg¢:@n danshout efanibgemamcedo
the outlet from thg cONRLEAFOLedits A WilllBekRiwn 2PuRUGH %F%Pﬂéﬂ{ £ngd d f f
ransrer o

val ve, may be positionedin_the further,llne 50 to contro
refrigerant throudBPiReS byiaifeblowsss enpiariaf feyices ity swemuie.t Thk 2irfi®9’ inmouhel

be dependent on t happapdrae 106 itiporeaiey ﬂ%@ﬂ‘hc&ht rcrrlnﬁng:ef thed Ry RE B A
si ze', shape and heat ,condu t'rﬂ@ mat er i ? "Ha§ Eber or stainless
‘'steel ). The pipes BiEeERRUBGIY )Pan%’egf‘ Ef\A19 S00:edereandingoep te sizpmf
the surface area aihd ztpoamhxlmvvlt igrapadionabfdaant: ofi thh abbann attgsngxa@@aig}g
fromthe pipes. ure: I S
tank i s such -as toe%egg %Or & te{rﬂ@g%ﬁ%ﬁﬂ%‘t #ﬁ@%m %%O“é‘a %'ﬁsaéff d"fsh ochgh
t he’ heat exchangerfah‘eahsn tq&/maﬂewlllsmo'ffformuéém sNapirawr. rbinheoma‘h:wﬁ”lmcgas is
then returned {50 t d I 8nG g to the
ol g e A e n e 68 Rk g BuBBTRYY

condenser for ‘coolln 4 WM 2 It has
al so been found tH&FUt‘:ﬁéQéﬁ}f)‘&P"amg "E‘?ﬂﬁ"%‘é"é‘l‘qm ently operated without the
need for a air tenperature controller to control the terrperature of the air
entering-the apparatus and fl ow ng_ aver vaparaft or .reference to
t'he apparatus shown in %’egﬁ'fégmfe%mrtehseenﬁ pa?a 78 %ar‘?sé’f‘??”& BrTeVeptollce
wat er fromthe airpresérd toemsbior ﬁm‘cnbﬂt%mpeﬂawr@\ﬂépbe alrgrassingtdveutthd he
presence of thﬁea' évatp%rmsmtﬁ%mmerd%ﬁr a(geterenaaeratnﬁea,faﬁgn ol d air

duct 18), if t vol une e air entering the apparatus passi ng over
the. frosting areateFPeHEreohp 3f HFSINS °EB’nTtr\eo?‘13@8'aT%E SP@M tfer BERYEFS ar ea
of the evaporator hein@stlicasdabace3®fCt WitevaRepal@ire08F Bdtindent diut it &

in the air freezes t eger s, of thea aratus.ca
described for the %fbcﬁltP mﬂ:&?ﬂg‘g a]hf t&:’83 %’sﬁﬁgg gsslc-aé’.bel]aft he
tenperature of theamy suxmhﬂewpngammwxlhp@aoammed $o tiooserfttapré@ssing it Bann

about -10C) the,yol JrH"éeap?afa{é%E 1pq,§§p,,ggn ﬂwtéete%\fx‘aap ?o%EQéiﬁ% HH&? EE&Q céH{rElace

can be high, if the al enperat ure | (say a ove a
vol ume of air shoullt® BEResHLraRf $hq 8ir é’@%"é’ﬂﬂ PENCS the eYapaeetiopd e t ﬁe ener gy

and ti lrre r eqwd red E@t:[nfnfnﬁﬁ&e off @ w&&&rs @Hé aOdod) Iaﬁfla‘lv{fmrﬁrbg%xﬁ&'ﬁéi wmle&tﬁf
rour volune and. air, te own a S

The process wil | aP‘?Besb d%%%hg—g al }ﬁe%%ﬁ'\l\gé?q‘y %F%rl?(e, (ﬂ‘ytsﬁ’é“age {? t‘& to
freeze the water. preftrhblyaacmta’ﬁm sashlhaving etiveeotd anfd mkﬁom(ﬁ*rm»laam:re (i.e.~
21 in Figure. 7 95' €L R0 dm‘é’kﬁh P‘?é‘f@&%r@ttﬂé sguar%s wnﬁ bfe“ab%%t ] r%lﬁ e@re

size as w || knovvn 1 n t fi1ciency
evaporator in any ghwasas. ab’bar%ﬂt h%atahﬁtsmﬁ-“ldl beb’ée"(\,'tﬁ?@ta@ﬁm éﬁcﬁrtdh@b%rq%bl e

factors to effici emlh%elﬂ'regqh'%dfﬁﬁ/lwm@chcﬁrﬁﬂo@k |2@%m¥netlf§§)!5@n%ﬁﬁmﬂle@gy
which will preferably involve a central processing unit or the

freezing effici ency RiWAthEaNE Mesdt YMeRFGRRA D et & ?ﬁePT’%'CF“’HEF%TérPf @G inventian -

and are simply preferments as this will allow air particles to be evenly

n

30  heated when passing through the heater., The dimensions of the air heater
wi]l 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

5 and the cool airflow via duct 18 may be replaced by a variety of other



_An alternative, though less preferred option, is to alter the area pm{\emﬂ%
frosting surface of the evaporator while nmaintaining the air flow volune
across the evaporator constant. This could be achieved by stopping the
“refrigerant flowto parts of the evaporator or by sinply renoving or ~p
MAY 2004 WOuaR9d43940 FCTI N299100024 . z3 covering portions of ptingz99/00024
evaporator, These should not be seen to be Ilimting and alternatives Wich
will be apparent to a.skilled person may al&o be used. S' Figure 4, shows

a preferred, and alternative, apparatus which incorporates-t3~e vol une of

air control option and excludes the air ternper~ture controller device for

cont-olling the air tenperature_enter] the. aratus. ;. 10 In the
appar at us shown irﬁeﬁogﬁ‘r img!’e%ga&gﬁ%%&% %g?frgﬂﬁes Ogs'?oﬁ]s?feg’a%befat?rh%(as

capi 3)ary tubes ahosihrolnFigoreF! guoeidlsufAcd X wad e thesherteradooterwiriicdodld vi vi | |
be known to.a skilled. sQn rnatt.Vv L a val ye al so be
used. 15 Figure. zfﬂéﬁﬁ‘gwsgé?ma%%g’ggfé l}éfel\ggﬂlna@}%n%%ap}yé\%%%arn&%sc%%%& a fan
120, and a conpresseiousigit 130. The conpressor unit includes coils 131
whi ch surround the conpressor itself (not shown in Figure 4 as the
conpressor itselr is~obscured by the coils 131). 20 The refirigerant from
t he~conpressor unit noWesse, entveitievelgtaraedr. aFPE0EVS 4 Fsedd Wi, Fighieel, it is
apparatus 100 1s ¢Qahlimiitab] SPfoltho b0 RRRE!REN, ShBxeBklatda0r The
conpar~rnents are a high pressure conpartnent .151 and 'a . Tow pressure
conpartnent 152. thae atoaphthedimensitisuridhsrigiseintbiupepdn Heatveporate ¥i ght
trbrn each ot her howavesmiiRe 1apRaIRisStnei dificieRey at fe drACWEHR fBRhatiéh on the
efficiently, if tnle seal [s pot ai i 0

It ght . Tl?e r;,;)vemant f. the F‘ef rd'.ﬁerant
via feed 140 1o onfYIRETFPGH- h2RENENET BEEMSHSY o R B G PIEEL SFEM AP Y52
causes a drop in genpsy whithe'iod uphethuefredgdnanibe etiickmc@®df wsedetvioezool the
evaporator 110. The air tight s NeTe r | ' an
be provided by a %‘Eﬁfé’ eﬂ‘no lE'ssneo%vn Un];v\'/ﬁlﬁlgh?ﬁ ?fgnggggmgﬁg%g%@g%@atzgg&%\ge g}?l%
"~ p MAY 2004 WO 9@243906mECTH NRSWECDE Hehumidifienoperairg gibeientdns of 't he
evaporator, These should not be seen to be'limting and altérnatives Wich
will be apparent to a skilled person nay al so be used, S '1 tEsihrgHreA, shows

a preferred, ¥hd al t er AAgiapEa2&pHAF MUEVERIYh SPABIH6ISAEEs ORI 2Bf
air. control optiopHahtexeduARS dfice and ftEnnpenakusmrgonts ptddece detiigent or

t-ol i the air t t 2Nt ef | t N
ppar al us Shown | REFG G5 SorsERRrUE: | 2oqiEAhbBerer, il Wi

capi |l ary tubes, aproiding therdirigenast 10 the FXeraibis Pravidesyan geerhhibelncedi vi | |

be known to a ski : | L RLBAEY 95 tHR SHGhn@tvAliveap@Yrost so be
used. 15 Figure 4%%@%5%%%%%%8%@??&&5\%%00 haw% an evg@or at‘oral 1]8, a fan

120, and a coRpr edemwration is cogyollat BreBaRR @so8evVaRPRIIME (des T¥5 ¥o131

whi ch surround t he,GaRPRESE Ao peelidn bNeie evapuraton nEArgsT ® #r astry enis will
conpressor | tself g,gve%ﬁ’iﬁgggga,‘%}’us} Qpeer(a:&!\é Seﬁnlc‘?éLr}ﬁy by stopping airflow through the

/ evaporator 7 and restricting ice formation 1o 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
de’tem’[‘med 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 reservoir 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.



.20 The refrigerant fromthe conpressor unit noves to the evaporatagrg MAO 2004
via feed 140. The apparatus 100 is conpartnentalised into two congartnents
by wall 150: The conpartnments are a high pressure conpartnment .151 and a
25. 1 ow pressure conpartment 152. The conpartnents should preferably be
seal ed air tw@jdg;t@m each ot her however the apparatus wll o ugh
not so efficien?(y?gﬁf the seal is not air tight. The nnvenen?ﬁéﬁ&fé%éﬁﬁh
refrigerant via feed 140 fromthe high presgure area 151 to the | ow
pressure area 152 causes a drop in tenperature of the refrigerant to be 30
used to cool thée evaporator 110. The air tight seal for the apparatus shown
in Figure 4 can be provided by a cover knot shown) which fits over the
apparatus 100 and. 2 0 MAY 2004 .WD 99/d3990 PCTI NZ99/ 0002~ As shown with

reference to Figure 1, Al furthle ei@oBRAEHIULEUIRlinYO19e dhd pRIVISS] DO, toEei
apparatus i s cont EP' | e ,atggg)t h’ﬁ eff|ci 526{%% of 't he evaporator . I Q ﬁBwn, t hen
the vol ume of t he®&MET AP IR HEPSHGHEF fHOF TEAN th@Pparstusntiaascirosth inAs |
di scussed with reFiguentewhizhFvguldenidw-aNet b @etrgtp@ste ﬂ%o\ﬁ%ﬁ RRUitel BCang

i he" appar atus .

tenperature caontroller if the t eraturg of air entering.
is not contr oloslned?v?f éteﬁép%f\?g%o-’ﬁng V."é-ﬁch EMRFTTUIra A Fiotroamtpediioerns
apparatus unit, tébelldbeeriengately ¢dreralletithd epparthe Bks skéRnherRifd ¢iently

10 achi d, b ' . " ' t h ir ' a of
he ovapor aior. Fesarent o k4 RFlh ot Barlire 869 omelst Bipermmrire

appar at us shown i $ermioguf 6 Bndl8, dhe cohling cembiriadionaff deftatice plaagPa0ALos

units, as shown fghg e¥amd &d Refrig! helBer TE rat us of .t he ipvention
may be enpl oyed for tem)vi%gSI ‘gﬁ'ffaiggfﬁﬁf} hcfgjagﬁt?tgfggggégwg er fTPd‘iﬁ?ttﬁg air
for general huselfsMiPalRay uses rRigvicusly heraibl thrgair hlowasatoufytheh Hehpast whtior .

of desired. Standaidinba@tdeVibeaBbMialiues pasatitO¥ShttdhetNgndite RWd:pe used.
20 As "will be readily apparent to a person skilled in this particular art,
the apparatus described utilises a nunber of conponents which may be of y.
many different forns. HAiguies Zhend Brehemded ateaiativiecoriaddrivinabiees bESt ri ct ed

to particular COTRORGAg ords BAYGHRRGERSG! idies IR SuI tabl e

al ternative conponents may be uSe A nu ranges e been . 25
referred to Herein. Any individual, or conbination, of the nunbers falling

wi thin those ranges i swith efetescd © biguiee] titesewirichi rﬁba&ffﬂx@sy LeNhEQRpEaope.
The foregoi ng desacbrlvbes-t e i r]vertljt)lﬁor‘%l nc udl-ng a gr eferred Tormthereof.
Alterations and nodi fi'Baf PBASPRHICRY Wi INCHE ' BbPi Bagcans'asy ing fPed 30 person
are intended to betérnchnedez withitha linket ispétwderamdosprzeoph2 tahe doRd&midron,
as defined in thesgppepgded gl ai : Y2004 . 9/ a3990 ‘
PCT/ N~99/ ~Q02~ 26 CLAI e fg' ‘ %E%B%Sr%t'éa’s?f e ’ﬁgr?Bd%dc?‘? Sy haf'er: Pt om
the surroundi?g aiSFoxrfe appelt at this sirgedaimie Brimgf ahonges,ithicaigh thevi ce
adapted to nove aidconBig liRAGRPEHAEWPorator 45. There may also be included a

dryer 47 and pressure valve 48 between the condenser 43 and evaporator

45; and a filter 48 between the evaporator 45 and compressor 42. With

this system very rapid defrosting or de-icihg 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



.(b) .an-evaporator adapted to freeze the water contained in the air isMan
fromthe air intake device; and 10 (c), defrosting neans adapted tZ)Bd

the water. frozen by the evaporator; and wherein the volune of air passing
over the frosting surface of 15 the evaporator is controlled by either the
air intake {gyisBof the evaporator. 2. The apparatus accordi ngcyfz64/8405) 1
wherein the air 1 ntake device is adapted to nove a vari able volune of air
over the evaporator and 20 the evaporator il8 of constant frosting area. 3.
The apparatus according to claim1 wherein the air intake device is adapted
to nmove a constant volunme-of ‘air over the evapor ator and ' the evaporator
is adapted to have varlab stin appar at u
according to any 'SYl 6158 Re Opwé\/‘ﬁbﬁgmg” rl”ﬁ% 2 uﬁpﬁg? CQHEFUBP%§5§“P§§&%H
to collect the V\Bétﬁ*ﬁquSei@taedJacté@rdeﬁcﬁva)sme mgaterthemearm&raﬁyow:ﬂer r80erRoirhe

apparatus accordin n ey ai.ms further co an
a?lro fiiter situat D"EQ% ﬁ %/'tb‘? f‘ﬁéj ﬂpﬁcﬁ%v hich H%@%Bﬁ'ﬁtﬁf frsengorr [ﬂ%e‘t i
appar at us accor di pgrd=ail¢lappanebr \t\Hmr@vmc&énaaM n Bt ép drs o@tlwaslhahlmrﬁiuch le a

di sposable filter 000?a_ 2

appar at us accor di ?ﬁ“’taﬁ)e‘gﬁvb8ﬂ§n%%%eg%n§\%?%aﬁl% grreg'% wherdi Vﬁeiﬁé thd "

defrosting neans  disglfedesia rdebrost mxgnbmiodicsl degantmehehnica mag thetpeesdamed

amount of ice or f rofdt o%}(]soe r%&*??d ﬁ%ghﬁaﬁyfﬂém@%ﬂvided\,\ﬁ rggui?eq ch’%uman,

. apparatus accordi Y1V revious °c
i ntake device is er ;ﬁaha;adaprraﬂ. cms(ummqi -r- Thatremmé S anvdd he wisnamsediyHth he

evaporator. 10 9. JQ ;rﬁBIBad'rg\ch?f@ébCfHQh@gtérﬂam)ée%ﬁ uid be pQB@Mb@lx‘fS cl ans
wherein the evaporat or 1'ncl’udes one or nore ’éﬁg%ﬁbg corru at ed onduits
I

as descri bed ¥hd. desidmdtHrEher1 Hi%efRRA R BiTarVe 3 58?"1 ‘ér _
PCTI NZ93100087. 1prckdce Theeppadtaives racabidig the ppyraane bot rzhﬂ)’n@r ekiatdrshel

to 8 wherein - ‘the evapor at or | ude i ol LD n | s.
1 1. The appar at ugp.%?fEﬁ‘\sd‘f‘ﬁG s[urgpﬁq %rav‘%faf@gb e aoe &%tdhﬁenéeé g%(rfgt gtfgltpﬁgfle&%h
plurality of tinshbaeveytaindedessat kabt nsﬁemlorazs res¢rivbinees. w:mecifa‘c@oml v, .

12. The apparat usacconding f Sp&leal [ he
FREFOT aﬁ 9 53, W&V be Féla%nyl% PRI HSHE loRia SS\ME%ET%&%

evaporator is cool €d using npr éssor and condenser system

appar at us acc$ di ngwtbbellmomm@ W@e‘%"él n the condenser includes one or nore
helically corrugated conduits as described and clainmed in PCT/NZ93/00087.
14. The apparatus accordi

n 0 N the . .c ressor_an
condenser system i ncl uJ&‘% é&’r’?ﬁr%ﬁ%w%o& P&%‘Hﬁ‘é‘ﬁseﬁf”%‘%’% §§° e § %Orog%or 7
capillary tubes, wherctisedtsyeteev.apohist vre eprdratiss? ahpiverial figyreof dlscloses a

| nter connect ed coi| Sa%g%o%gt?ess%g}cokagefs ngé&x%regmlae%faw y eBbgrehigo 2

evaporat or coil s, res aseous refrigerant
under pressur @0i ntsilled @ecanmddns ship %@%6@#% replecagaly EOM’GWOIIS nd

99/a3990 28 refrigerant supply systems. The system could, for example, be replaced by

| known pump technology, com’preséion systems, or rotary pressure devices.
‘While such systems are not preferred éystems, it would be well within the
abllnty of a skilled pe‘rson 1o use such systems to achieve this end. As will

25 be knowntoa person skilled in this art, refrigerant supply systems which’
_circulate a liquid refrigerant under pressurs and convert that liquid
refrigerant to a gas for supply to the evaporstor 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 fefrig_erant by methods such as in-line adjustable
valves which supply gaseous refrigerant via a single line vsually to the top

of evaporator. While suitable for dehumidifier and refrigerator technology,



PCTI NZ99100024 refrigerant exiting the condenser as a |liquid under qu WU'ZQM
and being directed to the capillary tubes via a high pressure feed ,
capillary tubes then passing the. refrigerant in a. gaseous forminto the
evaporator fromwhich the refrigerant exits as a gas under low 5 . pressure
and returns via a |low pressure feed to the conpressor, and wherein the
systemis a wbosgsbssystem 15. The apparatus accordi ng to cl aporhZzashesg n

t he conpressor and condenser system i ncludes a conpressorlevaporator |ine

. ‘adapted to 10 enabl e hot gas refrigerant f+om t he conpressor to enter the
coils of ' the evaporator “to nelt any ice or frost forned on the

evaporator. 16. The apparatus according to any one' of claims 12 to 1 5

wherein the conde&%er Een%)% [<Ta N E%mgegé@\é@mg%g\sﬁ_tt‘pg/h%%n nser by a

suction 15 fan si tuat I nside the apparatus he appar Y s accordi ng
to any one of theeyapeateus cl ai ns wherein the defrosting neans, the air
i ntake device and the tenperature ofi the evaporator are controI led via a
single central processing unit. 20 18. The apparatus according to any one
of the previous. clai nsinftheferan of the (rATAE 28T REPBY SYFlereshqwiTingFiguteel, the

appar at us accoy di RgiddartN)seane ed srﬁenpeavra@tw a@rl/%'uﬁﬁblg Wi wWibhé rll?r'oWH ng
a heat exchanger: connect able t4 the aqutle mt e conpressor.. 20. The

appar at us accor di BRGNP an{iebige ans SHe Br I ”%’I"&?rﬁﬁn‘?'urt her incl udl ng an
air tenperature CWHrbﬂ’ﬁlerlﬂubr@cﬁmmhspbr hherotfmpmaartwse;oofd SA0bd O€edli ANy

t th ~C~ 99-|4 0 PCTI NZ99/ 000: ~ 29 21.
iz :[)ng?at ug ?gfat‘ﬁeé"iﬁ"&d'&?tﬁeét{“ sfuztagf f]br%s' om Uhe guarsr YSHAIMAY B r wher ei n

t'he apparat us i ncemdleged.(a) an air int ake devr ce adapted to nmove air into
the 5 apparat#bs (b) ~ an air tenperature controller whi ch. controls the
tenperature of the air entering the apparatus; % an evapor at or adapted
to freeze water contai he&lCPmPIagaca?t ”F%gdPrfg’PPWoWFt' Pieioe kP Enaeruprgssure

controller; and (fe @rggﬁgéaszzemayaﬁaaﬁyedné of dafureisdr of h@pééatﬁaﬁy fdeZretadhh’nt he
evaporator. 15 22. aratus’ accor or claim21 wherein

the air tenperatuf®e h'@ﬁr‘?{‘{)%t’fe FeTREr Y Cang § P%?A a}:?r ‘t"@fﬁ?ét SO EES 2 or
situated at, or apjoxiimg abmit 1tpsetst a!emo:teT ©000pei eiuld beibakd altdweiugk thignd an

air heater/copé ©1 B0k RBS HRTHERE. (CinbiebsbisBtn oY RO 2HBUREIGY ur e sensor

and the evapora
compressors supplied by Danfoss of the hermetrc or fan cooled types may

be used, for example. The condensing unit 22 may again be of any
sultable form, as wrn be known 1o a skilled person and the 220V fan-
cocled condensing units also supplied by’ Danfoss would be suitable, for
20 examp]e 1n addition, 220V- 240\/ compressors. and 12V and 24V
| compressors could also be used rf suitable for the particular application.

" Any of a variety of condensing unrts may be used and unrts supplied by
Embraco Aspera, Bristol Compressors, Copeland Compressors to'name a
‘fEW, would also all be suitable.

25 '
The refngerant is supplied in a cooled condition to the evaporator 7
at a variety of positions (e.g. posrtron 30) as shown in Figure 1. The .
cooled refrigerant passes throu_gh 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 nigh.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 1o a spring. The reduction in bore size coupled with the high



.23) .The apparatus according to claim?22 the air tenperature contro:zlﬁrMAY 2004
includes a second air tenperature sensor positioned between the

heat er/ cool er and the evaporator. 25 24. The apparatus according, to claim
20 or claim 21 wherein the tenperature of the airflow fromthe tenperature

controller i n about 25C and about 36C, nore preferabl ypbeiyeaos
about 29C ar@ogg}éﬁ%zc 30 2 a MAY 2444 30 25. The apparatus according

to claim21 wherein the defroster, the air2denperature controller, the air
i nt ake device and the tenperature of the evaporator are controll ed via a
single central processing unit. 26. An apparatus substantially as herein
described wth particular reference to any one of the attached Figures. 27.

The appar at us accm#%ﬁumg of thecredrigerept aWHE’F’éF ANe FTIEYRPT eRangincating re F¥er

system includes g.§ rtmﬁﬁd r&@er@gdeﬁfahyt&ergtaeolrmw@agedu@tPérﬁ demi gen 28.
The apparatus according to claim2l wherein the evaporator Is cool ed .u5| ng

a conpressor and se@noldngetriv W@t‘@WPﬁéVﬁﬁﬁh{j‘ e BYIPREFICN Adé BeiRaiERt P

control | abl e ai rﬁ% -whitK%116Ws for an even distribution in the evaporator 7 of the
. AYy. A93Y. Ahl . AL. AR A3 . A [3 A An. A fUY. Al

_AS| y. Al FR A25 AHSRfrquw't'qa's Al %EPS&‘PUSAENQ%“I tﬂj?gexxts the evaporator coils
from the top of the evaporator 7 {as indicated at 31) and passes under
low-pressure through feed 31 tc compressor 271 where it is pushed into

. condenser 22 where it is again condensed into a liquid.

j © 10 © The lengih of the capillary tubes used will depend on the bore

' drameter of the caprllary and the Iength of the evaporator coils used. !f the
feed tube from the condenser is between abeut 8 and about 5 millimetres
bore, the bore on the capillaries would be about 1.5 mllhmetres,‘ 1fal2
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 hqurd refngerant 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 abrlm/ to convert the liquid refrigerant 1o a gas and
then directly feed that gas into the evaporator coils at a variety of
posmons mcludmg at the base of the evaporatar, coupled with removal .

25  from the top of the evaporator has significant advantages both in terms of
cost aid in terms of efficient and even cooling of the evaporator.
Alternative known methods such as using an adjustable in-line valve (or
series of vé]ves) 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 adjnstable 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.
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& () - 3| &' 10%\ & (} e3@1qj% (gfugerfg% oteg ns,:]gne The capacmj of the water tank

' 53 would be dependent on the size of the compressor 51. The coil 52
/ may be of any size, shape and heat conducting material (such as copper or-
staxnless steel) "The pipes of the coil may be shghtly flattened to improve .
© 25 the surface area and to allow greater contact with thin plates extending
from the pipes. The structure of the coil or pipe system within 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 compressor before passing to the condenser for cooling.
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$$UKY4 [ <VK@ @10%5&45)5;,.}9 %Qﬁ/&.fm‘sﬁng 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 Figures 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 volurrie of air should be low. This is essentially a .funcﬁon of the
energy and time required 16 freeze the water out of the air. The
relationship of our volume and. air temperature will be well known to a

20  skilled person,

The process will also be dependant on the efficiency of the
evaporator to freeze ihg .watt-:jr,'ir{ the aif. This will be a function of '
compressor (i.e. 21 in Figure 1)'§ize compared 'wi'th'ev'aporator li.e. 7 in

25 Figure' 1) size aé_. will be known in the art. In practice, the efficiency of the
evaporator in any given apparatus unit will be constant and the variable
factors to efficiently produce ice can be controlled by known technology
which will 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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of the capillary tubes as shown in Figure 1. A TX.valve is a valve which
Will be known to a skilled person and alternatives to such'a valve may also

be wsed.

15 .Fugure 4 shows an apparatus 100 having an evaporator 110, a fan
120, and a compressor unit 130. The compress',.or unit includes coils 131
which surround the compressor itself {not shown in Figure 4 as the
compréséor itsgif is obscured by the coils 131).

20 The refriéerant ffom the compressor unit moves to the evaporator.
110 via feed 140.

. The apparatus 100 is compartmentalised into two compartments by
wall 1580. The compar'm}en‘ts are a high pressure éompartmen’t .151 and a
25. low pressure co,mpartment. 152. The comlpartments 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
refngerant via feed 140 from the high pressure area 151 1o the low
pressure area 152 causes a drop in temperature of the réfrigerant to be

30  used to cool the evaporator 110.

The air tight seal for the apparatus shown in Figure 4 can be

proviaed by a cover {not shown) which fits over the apparatus 100 and
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: through the condenser unit 130 is maintained. The positioning of the fan
as shown in Figure 4 is a preferred alternative. As will be apparent, and
10 with, reference to F:gure 1 for example a two fan optmn could also be
used, however this will resu!t in a larger sized apparatus, which may, or
may not, be preferred depending on circumstance. Shou}d a two fan

option be used the compartmentahsatlon of the apparatus may not be

required.
15 ’ . L
' '.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
apparams and pumped via filter 160 to tap 161.
20

The apparatus 100 can also, preferably, include a temperaiure
sensor.(not shown) to determine the air temperature outside the apparatus
100 to max1mxse the e'h:mency of the process by allowing 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 ina ~
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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apparatus unlt the freezing of the water from the air can be efficiently
10 achleved by varying the volume of the .air across the surface ‘area of the
evap_orator Removal of the air terperature control system from the
’apparétus shown in Figure 1 allows the formation of sm'aller 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
techniqnes as known in the art could be used.

20 As will Be readily apparent tc a’'person ski]lea in this particular art, -
‘che éppaiatus described utilises a number of components which may be of
{ many different forms. It is not intended that the invention be restricted 1o
/ particular components as have been descnbed and any suitable
alternative components may be used. A number of ranges have been
25 referred'to herein. Arny individual, or combination, of the numbers fallmg

within those ranges is intended to be included within the invention scope.

- The foregoing describes the invention including a preferred form
thereof. Alterations and modifications w.hich 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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air issuing from the air intake device; and

10

- {c) defros‘ti}jg means adapted to defrost the water frozen by the

evaporator;

and wherein the volume of air passing cover the frosting surface of
15 the evaporé‘cor is controlled by either the air intake device or the
' evaporator.

2. The apparatus according to claim 1 wherein the air intake device is
adapted_io 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 mo?e a constant volume of air over the evaporator and
" the evapbraitér is adapted to have a variable frosting area.
25
4. ' The apparatus according to any one of the previous claims further
. including a re.servoir 1o collect the water created from defrosting the '

.evaparator.

30 B The apparatus according to any one of the previous claims further
comprising an air filter 'situated 1o filter the air moving into

apparatus.

6. The apparatus according to claim b wherein the filter is a washable

35 ora disposable filter.
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8. The apparatus according to any one of the previous claims wherein -

the air intake device is a fan adapted to draw air into the a;ﬁparétus
through the evaporator. '

10 S, The apparatus according to any one of the previous claims wherein
' the evaporator includes one or more helically corrugated conduits as

described and claimed in International Patent Application Number
'PCT/NZ33/00087.

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 evaporator 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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being directed to the capillary tubes via a high pressure feed, the
capillary tubes then passing the refrigerant in a g'aseou.s form into
the evaporator from which the refrigerant exits as a gas under low

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 éompressor to enter the coils of

the evaporator to melt any ice or frost formed on the evaporator.

16. The apparatus according to any one of claims 12 to 15 wherein the
condenser is cooled by air drawn across the condenser by a suctjon

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 singlé central processing unit.

20
18. The apparatus according to any one of the previous claims further
\ including a water filter.
)
18. 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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21.  An apparatus for the production of water from the surrounding

air wherein the apparatus includes: .

{a) an air intake device adapted 10 move air into the
5 apparatus;
(b).  an air temperature controller which controls the

temperature of the air entering the appai"atus;

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

air issuing from the temperature controller; and

d) a defroster, adapted to 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

\ 20 temperature sensor and the evaporator.

23, © The apparatus according to claim 22 the air temperature
controller includes a second air témperature sensor positioned
between the air heater/cocler and the evaporator.

25

24,  The apparatus according to claim 20 or claim 21 wherein the
temperature of the airflow from thé temperature controller is
between about 25°C and about 36°C, more preferably between
about 28°C and about 32°C.

30 | '
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25.  The apparatus according to claim 21 wherein the defroster, the
air temperature controller, the air intake device and the
temperature of the evaporator are controlled via a single central

processing unit.

26.  An apparatus substantially as herein described with particular

reference to any one of the attached Figures.

27.  The apparatus according to claim 12, wherein the compressor
and condenser system includes a further independently

controllable air intake device.

28.  The apparatus according to claim 21 wherein the evaporator is
cooled using a compressor and condenser system including a

further independently controllable air device.



