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(54) Title: WATER MAKING APPARATUS

(57) Abstract

This invention is directed towards apparatus for the pro-
duction of water from air, and in particular for the production
of drinking water. The apparatus includes an air intake device
adapted to move air into the apparatus, an evaporator adapted fo
freeze the water contained in the air issuing from the air intake
device and defrosting means adapted to defrost the water frozen
by the adaptor; the volume of air passing over the frosting sur-
face of the evaporator; evaporator being controlled by either the
air intake device or the evaporator. In an alternative form the ap-
paratus may include an air intake device adapted to move air into
the apparatus, an air temperature controller to control the tem-
perature of the air entering the apparatus, an evaporator adapted
to freeze water contained in the air issuing from the temperature
controller and a defroster adapted to defrost the water frozen by
the evaporator. The apparatus of the invention may be employed
for removing sufficient quantities of water from the air for gen-
eral household use, as well as enabling the heating of this water
if desired.
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U.S. A Thiss devi-ce operates by drawing roomair into the device through a
di sposable air filter. This filtered air then passes through cooling coils
t hat are made of a refrigerator alloy coated with pol yur

These coils aY@943990  ept at a tenperature of approxi mtel%ﬁ%’?&?ﬁ
Some of the noisture in the 1 :

2 filtered air will condense on these coils resulting in droplets of
distilled wat er. The water droplets run down the coils and collect in
a funnel that feeds the wat ANATERMAKING APPARATUS. This tank is held

I nside a cool ed box whi ch has its own cooling systemand is fully

i nsul ated. There are a 5 nunber of difficulties wth this technol ogy. The
appar at us requi r eJEGHIMGAL FIELD i v i t he surroundi ng at nosphere. Once the
air has been dehum dified, the apparatus stops. In addition, once ice
fornms on the cQils, th ' f o LSl | i ' si ng hot
gas fromthe c ndenser%‘P%ﬂi’}l{i}e hnﬁ%n'(eg_rd"\ﬁ/ﬁtlegﬁ%%%E’bigr_gtdl_srs]fgfﬂgc‘ﬁ éﬁ%tmfoﬁ k
OBJECT OF THE | NvVEwatercipm air. In particula, thg inyentiey) isdliregtied ta @njappaistysolor t o
provi de an appar attHé pmaustion'Sedrinking wateQne of the difficulties of prior art
devices or at least to provide the public 15 wth a useful choice.

SUWWARY OF THE | NVENTI ON The invention in the first aspect is
an apparatus for BACKGROWNDART 20 of water fromair wherein the apparatus
I ncl udes: 10 (a) an air intake device adapted to nove air into

the apparatus; There are many known systems for removing water from the air.

These tend to be devices which are commonly called "dehumidifiers”. For
example, New Zealand Patent No. 270431 to EBAC Limited, entitled
"dehumidifiers” is a case in point. This New Zealand patent discloses a

15 device for extracting moisture from the air in a building. The invention to
which this New Zealand patent is directed is described as being a
dehumidifier in which a refrigerant is circulated by a compressor through an
evaporator, which becomes cold, and a condenser, which becomes warm,
and air is passed over the evaporator so that any moisture in the air

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



(b) an evaporator adapted to freeze the water contained in the-air 25
issuing fromthe air intake device;, and - (c) defrosting neans
adapted to defrost the water frozen by the evapor at or ; 30
and wher ei rwob#4399 une of air passing over the frosting sPEEFTREAOR4t he
evaporator is controlled by either the gir intake device or the evaporator.
3 Preferably the air intake device is adapted to nove a

vari abl e vol une of air over the evaporator and the evaporator i s of
const ant frost t he i.nt ake devi ce

i s adapted to Irr&ﬂ?’%f'% ngt%?r‘u‘fie"se on Wﬁfwsé‘fs" 1"9 "E)gféﬁélaﬁgf %{'ﬁﬂrator and

t he evaporat or heaten Vhe watsr drdpless trunndpwn the cafleand collect in a funnel that

Preferably, the faemhawerf.mot51ﬁ6|d.ha%ﬂkdeﬁ1.@tarnﬁ$§ﬁa@irrs.dfeq. &l the 10
water created from ’gﬁgrostl n%@g e ev Preferably,

the apparatus fUVRIRRAAEBHBYP "Qrisyéﬁr’)" ?"4 Edpivsipeyiatedg There are a ¢ |'ter t he

air noving it o resoper af difficulties with this technology. The apparatus requires humid
air in the surrounding atmosphere. Once the air has been dehumidified, the
apparatus stops. In addition, once ice forms on the coils, the"mélting of
this ice is achieved by using hot gas from the condenser in a manner which
is inefficient.
10
OBJECT OF THE INVENTION

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 aspe't_:t 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.




15 - . Preterably, the filter is a washable or a disposable filter.
Preferably, the filter is 200 m cron washable filter.

Preferably, the defrosting nmeans includes a defrost sensor to detect 20
when a predet¥@R¥#8 anount of ice or frost has formed in t FETEVAIN% o .
Preferably, the air intake device is a fag adapted to draw air into the
appar atus through the evaporator. 25 Preferably, the air intake
device is a blower adapted to force air into t he appar at us.
Preferably, the evaporataor i ncl ude one aqr re helically.

corrugated conduits asa'é?ggreg'?@%la'éﬁggﬁfﬁvf?gds Fﬂgqtﬁ? E?WQY? Sﬁéf'atﬂ%\tent 30
Appl i cati on NunbewoR@E KzIJ\@OOB7evaporator and the evaporatoris oflconstant frastingior m

t he evaporator mayqdgnclude a plurality of i nterconnected coils.

4 Preferably, the evaporator may include a plurality of fins
havi ng at | east 4 fins per 25 mllinmetres of coil. Mre preferably,

t he evaporator s i nerefereblydhe bie indakecddvicess pdaptéd torinové agonstentof coi | .

volume of air over the evaporator and the evaporator has a variable frosting

area.

Preferably, the apparatus further includes a reservoir to collect the
10  water created from defrosting the evaporator.

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 air into the
apparatus through the evaporator.

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

Preferably, 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.



5 Preferably, the evaporator is cooled using a conpressor and

condenser system Preferably, the condenser may include one
or nore helically corrugat ed conduits as described and clained in
PCT/ NZ93/ 00@®9/43090 Preferably, the conpressor PERNZWENREnser
systemincludes a conpressor, a condenser, and a plurality of
capillary tubes, wherein the evaporator includes a plurality of

i nterconnected coils and the capillary tubes feed directly into the

evaporator coils, and wherein the conpressor 15 provides a gaseous
refrigerant under pr e§§iﬁ"%bYrFPBei’?Pé”‘E‘B’n‘EféYIE\?F’detalﬁ”m""V of figy heying &t 1 i ger ant
exiting the cond&ase4 fias per 25 miillirdetrsstefrcofly el pesferably, the evimdsrangr di rected to

the capillary tubeg quiae l%a&'é]hnso %ﬂmtqug’oftcbﬁ capillary t ubes then
e

passing the refrigerant In gaseous orminto t evapor at or from
which the refrigerant exits as a gas under | ow pressure and returns 20

via a | ow pressure fepmfdrably,the e2aior65i8 lcoolad dsinb @rcdimprdsser andgstem i s a

cl osed system concﬁnsersyst In one preferred form of apparatus.of the
present invention t conpressor and condenser system may further

I nclude a 25 conpressor/evaporator |ine adapted, under pre-determ ned
conditions, to ePrebdrebiy,the gosdensdrimacindlnte biean mbe eticgiiyessor to enter

the coils of the omgard RLRE & adebbl ind\limes o PETAZI3IodoBy 0 on the

evapor at or . enol ve may be provided in
the secondaryfline, 30 said valve controllable by the defrost sensor.
Preferably, the pI ur abieferalily, thapompi@Esortand @Bndensérssybteaininaluied 4 er si t uat ed

between the capi LLapv Idi0g3omiilsdr Snd ' BirdtePSE b Raly S led, WHE il the

condenser.
evaporator includes a plurality of interconnected coils and the capillary

tubes feed directly into the evaporator coils, and wherein the compressor

15 provides a gaseous refrigerant under pressure into the condenser, the
cooled refrigerant exiting the condenser as a liquid under pressure and
being directed to the capillary tubes via a high pressure feed, the capillary
tubes then passing the refrigerarnit 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 of the present invention the
 compressor and condenser system may further include a
25 compressor/evaporator 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.



5 . Preferably, at |east one of the capillary tubes enters

t he evaporat or coils at, or-adjacent to, the base of the evaporator.
5 Preferably, the capillary tubes enter the evaporator coils at a
vari ety W9f99’ﬁ?§$/t i ons about the evaporator. PCT/NZSP/80024 ap| y
a TX valve may be used in lieu of the capisll ary tubes. 10

Preferably, the gaseous refrigerant exits the evaporator fromthe top
portion of the evaporator. Preferably, condenser is cooled
by air drawn across the condenser by a suction fan situated inside

t he apparatus or blown_across the 15 condenser by a bl ower situated

outsi de the appar at us. Preferably, at least one pf ghe-gapiflagy tubpe epters hetavaARP A®ANSs, t he

air intake devi ce caiglat, beadjacent te; 1The basdisicthefevhduratdr.apor at or are control | ed
via a single central processing ‘unit. 20 Preferably, the
apparatus includes two water reservoirs, the first bei ng a tenporary
reservoir beind used f Breferabipoihgrcapiliarytibes esfterhe @vaporator pejls a4 vasiele! t i ng
of the icel/frost fofpasitibis sboaptHedvaporatdte second being a per manent
reservoir into which the water fromthe tenporary reservoir is 25 noved
for longer term storage, one pernmanent reservoir can be used.

Preferably, the tenpor Breferakly @ Dpvaive may deruseddn lisu 9fabe cagitbary subes.

adapted to trigger a punp to nove the water contained in the tenporary

reservoir to tlEe per mage t he

ir. 30,. . Pr ef bl
appar atus further incl uc?g?tsraé{?:s i (rg\a%galféoc‘)’ﬁereftﬁ'rgg'iam &ets thg e&?g"e'at%F from the 105

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

Preferably, the apparatus includes two water reservoirs, the first
being a temporary reservoir being used for temporary 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
filtration 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.



filtration device adapted to further purify the water. Preferably, t.he
filter is an ozonic filter or an activated charcoal filter.

Preferably, the disinfector is an electrical disinfector.

6 " woo9vdsoPreferably, the filtration and/or di si nPCRNZNEGIBevice is
situated bet ween the tenporary rese6rvoir and the permanent reservoir,
when one permmanent reservoir is used the filtration/disinfecting
device may be 5 positioned before the reservoir, or, after the reservoir
and before outl et ‘water tap. In a further preferred form
t he apparatus of the present invention may further include a heat
exchanger connect abl ePreferdbhg thefiltratiod sdrot disinfedting denicecis sinated

Preferably, the Q&Weﬁ)&e A g&g@armsa%r’ygﬁ.laugQh@p&%qmttreggny i Qviandhker

t ank. 15 V. conduit 1S connectable to the outl et
of the conpPYERAPNLFPELTYPIKIS | useh the f!}"éi’w.’d'wféf’ﬁ'?gag?"%e ’f‘ﬁ‘éi’%ol enoi d val ve
may be cont pediticrdd ibgfdré ehecr@sdruait, ops afeer 3lsé regenvair and before outlet '

Preferably, an out romthe conduit returns to the outlet fromthe 20
conpr essor. g’ate(?ttag’ :

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 compressor.

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 aspect is an apparatus for 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;



Preferably the apparatus further includes an air tenperature
controller to control the tenperature of the air entering the apparatus.
25 The invention in a second aspect is an apparatus for the

production of WREPEI8 rom air wherein the apparatus incl udes:PCT/NZ99/00024
(a) an air intake device adapted to nove air into the

appar atus; 30 (b) an air tenperature controller which
controls the tenperature of the air entering the
appar at us; (c) an evaporator adapted to freeze water contained in the

(c) an evaporator adapted to . freeze water contained in éhe

air issuing fromthe terrperaé't'ﬁ?ﬁ“%ﬁﬂ'f‘rt[ﬂ? ferpperatyee controller; an (d) a

defroster, adapted to defrost the water frozen by the 5

evapor at or . Preferably, the aratus further includes a
reservoir to collect @ g4 r‘?ﬁé‘?’e?&laé’?“ég?e%%%ﬁ\ed%‘l‘%&ﬁ‘ngyf e

evapor at or . 40 Rvaperatdd) y, the apparatus further conprises an

air filter situated to filter the air noving into apparatus.
Preferably, the filter is a washable or a disposable filter.

Preferably, the apparatus further includes a reservoir to collect

the water created from defrosting the evaporator.

10 Preferably, the apparatus further comprises an air filter situated

to filter the air moving into apparatus.
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 device is a fan adapted to draw air into
the apparatus via the air temperature controller and through the

evaporator.

Preferablv. the air intake device is a blower adapted to force air

30 into the apparatus.



15 Preferably, the filter is 200 m cron washable filter. -
Preferably, the defroster includes a defrost 'sensor to detect when a
predet ermi ned anmount of ice or frost has fornmed in the evaporator. 20
Pref erabl y, wolg4ades roster is a conbination of a warning oPCE/NESS/00024
evaporator and an increase in the tenpergture of the air issuing from

the tenperature controller. 25 Preferably, the air intake
device is a fan adapted to draw air into the apparatus via the air
tenperature control | eprepdighiy %Q‘égﬁbotrﬂer mc!udesey B@FHI!W &i intsrgonnected .
Preferably, the air intake dew ce | ower apted orce air 30 into
t he apparatus. coils. Pr ef erably, the evapor at or includes
a plurality of interconnected coils. Preferably, the

evaporator includes a plurality of fins having at 5 least 4 fins per 25
mllinetres of coil. Rtsfesably.ctheevaroyator includesspolurglity of fins havinglaides at | east

6 fins per 25,m Hakﬁ?‘ﬁﬁ?ﬁePES fifdlithetres of coil. gllore preferabig! ﬁx@‘%%yoratrope

evapor ator is COO ed usi ng a conpressor
includes at least 6 fins per 25 mllllmetres of coil.

Preferably, the evaporator is cooled using a compressor and

condenser system.
10

Preferably, 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
temperature sensor and the evaporator.

Preferably, the air temperaturé contrbller 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



condenser system 10 Preferably, the air tenperature controller

I ncludes a first air tenperat ure sensor situated at, or adjarent to,
the entrance of the air i nt ake device; and an air heater/cool er

0024
posi ti oned be¥ Q¥ e first air t enperature sensor anJCEﬁQEW0
evaporator. 15 Preferably, the air tenperature controller
I ncl udes a second air tenperature sensor positioned between the air
heat er/ cool er and the evapor at or . 20 Preferably, the air

t enper at ur e cont r thlel fisgst aintempgeature sehsarcndithe air heateevip arducting: smeu;or g
ositioned such t t. 0 . en the secon
p Alehtd gor%\ﬁ‘:l’!ﬁ%léﬁ] {eab&se h EHR %rglgr\lsverregttnﬁeh o5

air tenperature sensor Bnsor.
Preferably, the heater/cooler in the air terrperature controller

i ncl udes a conbinatio | d alrflow the cold air
f1 ow bei ng directed b&r\%%e&nf Ahé Fe%’%tra ure ° 'é'ﬁfi'é'ﬁ W ifem defemperatde; he
air heater. 80 controller is bEtveéearabbL:yZS‘idmdcaﬂodt 36?0‘, Ineore peeféhablgct ed from t he

area adj acent betmgntagwtcbgabran&eagg&rﬁoe_re sensor and is channel I edgto
t he area between

the first air tenperature sensor and the air heater via a ducting system
flow requi renents
which is constrictabl ePre\%rab?ys, Qﬁ)en agfrés?er, Elrledau‘:i tlermperature controiler, the air
intake device and the temperature of the evaporator are controlled via

10  a single central processing unit.

According to a third aspect of the present invention there is
provided apparatus for the production of water from air substantially as

herein described and with particular reference to Figure 4.
15

The invention, in a fourth aspect, may be seen to be a closed
* loop refrigerant system which includes a compressor, a condenser, an
evaporator and a plurality of capillary tubés; wherein the evaporator
includes a plurality of interconnecting coils and the capillary tubes feed
20 directly into the evaporator coils and wherein the refrigerant feed from
the compressor to the evaporator via the condenser is a high pressure
feed, and refrigerant feed from the evaporator to the compressor is a
low pressure feed, and wherein the high pressure feed from the_
condenser to the evaporator includes a single feed exiting the
25  condenser and the plurality of capillary tubés entering the svaporator,
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.



Preferably, the tenperature of the airflow fromthe tenperature 5
controller is between about 25[err]C and about 36[err]C, nore preferably

bet ween about 29[ err] C and about 32[err]C Preferably, the
defroster, Wo®%43%0tenperature controller, the air PRTARY/| ce and
the tenperature of the evaporator are cgntrolled via 10 a single central
processing unit. According to a third aspect of the present
invention there is provi ded apparatus for the production of water
fromair substantially as herei n descri bed and with particul ar
reference to Figure 4. 15 The invention, in a fourth aspect,

may be seen to be a Preferably. the plurplgy §F ceillary &ybspincliides bAtWASNCh i ncl udes a
conpressor, %Eg@tr@ &hd albblit 10 caplllﬁr’{'acgﬂésa'ﬁ'r%'e Efé@erébl?la%lﬁld tapilfaby capillary

t ubes; mhereln e evapor at or includes a plurality of interconnecting
coils and the cawhdstary tubes feed 20 directly into the evaporator coils
and wherein the refrigerant feed from the conpressor to the
evaporator via the condenser is a high pressure feed, and -refrigerant

feed fromthe evapor Bteferably, atteast onp pbthemapillarygubes PfOV'ﬂmiﬁPe%%ur e feed,
and wherein the %’rlggam |ﬁ§bsﬁﬁ"eee]glgﬁﬁgtof' AL ra{"‘f‘or adjfcentccﬁ’ NG BIES of fhel NE

evaporator inclu a sin exiting condenser and the
plurality of capwmcuﬂyr-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 10Pr ef er aBteferabliicthicapjllary flukes engerithe gvaporatergeileater enters a

rlgf ri gerant fil \,g;lett, ?%Mb%n%@e@pﬂfﬂﬂ ty of feeds exit.

Preferably,"the' gaseous refrigerant exits the evaporator tubes in
the evaporator from the top portion of the evaporator. |
15 o o -
Preferably a TX vaive _may be qsed in lieu of the capillary tubes.

Preferably, the condenser is cooled b_y air drawn across the
condenser by a suction fan situated inside the apparatus or blown

20 across the condenser by a blower situated outside the apparatus.

Other aspects of the present invéntion may become apparent from
the following description which is given 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;



Preferably, the-plurality of capillary tubes includes between about 3

and about 10 capillary tubes, nore preferably about 5 capillary - tubes.
5 Preferably, at |east one of the capillary tubes grggvnl]des
gaseous WY@P¥#3% ant into the evaporator tubes at, or ad|ZOERWY the
base of the evapor at or. 10 Rieferably, the capillary tubes
enter the evaporator coils at variety of positions in the evaporator.
Preferably, the gaseous refrigerant exits the evaporator tubes in t he

evaporator fromthe top portion of the evaporator. 1 5

Preferably a TX val ve e used in lieu of the capill af%etag,l,’a‘?ifug d nsér
ﬁ% Egz onde

Preferably, the conden 2 oSN B yeheamatig rappesetatinnot;

by a suction fan situated insi dincbiperatipgartt gas de-idmg@RmcBéh; across the
condenser by a bl ower situated outsi dg t he appar at UtS.f . O her
aspects of the present invention may becone apparent from e

folol owi ng descri ption EYRES: ghaneha gehamagic sepresantation of thg appatatst h
reference to the acconpanyi ng dfusthen@giudidg a heat elEMMENCS The
invention will be described with reference to preferred forns of t he

i nvention as shown in the attached Figures. In the Figures: 30
FI GURE 1: shows a cut a/3GUBEA:nshaws 3 arsfereadform joh thepinvention.

wat er maki ng appar at us;
10 DETAILED DESCRIPTION OF INVENTION

The invention is directed generally to an apparatus for the
production of water from the air. The water could be used for drinking
provided suitable filters and other treatment devices are included or could

15  be used for other applications as will be readily apparent to a skilled
person.

It has been found that water can be efficiently removed from the air

by freezing the water on an evaporator if the temperature of the air

20 crossing the evaporator is held within certain temperature limits. The
freezing capacity of the evaporator (based on compressor size/evaporator
size) is constant as is the volume of the air crossing the evaporator (i.e. a
constant speed fan was preferably used). The volume of the air entering
the apparatus could be altered by varying the speed of the fan used, if

25  necessary, in response to the temperature of the air entering the device but
this was limited as the air temperature was held within a defined
temperature range. The variables are controlled by a central processing
unit of known construction. Figures 1-3 attached to this application and
the following disclosure with reference to Figures 1-3 repeats the

30 disclosure of this invention.

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



11 FIGURE 2: shows a schematic representation of the

appar at us I ncorporatiing a hot gas de-icing
function; 5 FI GURE 3: shows a schenmatic representation of the
appar at Us Wo 99/43990 further including a heBfTRZ¥M8Rder .

FI GURE 4: shows a preferred form of th«?2 I nventi on. 10 DETAI LED

DESCRI PTI ON OF | NVENTI ON The invention is directed generally
to an apparatus for the production of vvater fromthe air. The water
coul d be used for drinkin wta e filters and other

treatment devi cARPaLs | nggﬁaﬁdh%‘r‘?aéﬁ % l?@ LAt B O¥ERIeCARbPY cat i ons
as will be readiempempgeasensori6pand thenlthredgh an evaporaton?. An after cooler It has

been found t hal o Rhiderdtid sBRsdt el iy B0 bikardPBIVRUN HHbBRS T and — bY
freezing the water on an evaﬁ}orator I T _the terTPerature of the air 20

crossing the evBEHEN®Yfan2- hEIePRPPTRIAN 7d8 CORRST Ao IPRFEY MAlfi't s. The
freezi ng capacireyervdir Shahisviampoasnpwates assecolrr® inclipewster leveeehearapor at or

Size) TS constapy affiy c;nﬁgﬁey%mamEtabqqu{%.as.ﬂwtmesé}eo.ﬁvgporator (i

a const ant % volune of the air
entering t'FF@ ‘Hﬁ‘iﬁéf%fﬁu‘sz 'EG'HF‘EF pwatgr fillprelt: 1 wotef prmp KRNI WA of t he
fan used, if 25disinfee®eI6arThe witer faap dRIeay alsd inelutie apesyting eptivh \ide air

entering the de%*:y?cﬁ"ng%um valvet A %%e%b&‘a%ﬂaéﬁrés@ﬁoﬁ'sr tenperature was

held within a nperature range. The variables are controlled
by a central processing unlt of known construction. Figures 1-3
attached to this appfthecppamatusahdiso includes a cold air duct 18 which leads to the

space between the first air temperature sensor 4 and the air heater 5. This
“cold air duct 18 can be opened or closed via the action of deflector plate
actuator 19 on the air deflector plates 20, 20a. As shown in Figure 1, the
15  air deflector plates 20, 20a are in a position which would allow air to flow
through the duct 18. Air is drawn from the surrounding atmosphere via
the suction fan 2 over the evaporator 7 and a portion of this air, now
cooled on the evaporator 7, is deflected into duct 18 via deflector plate
20a. When deflector plates 20 and 20a are in the closed position via the
20 action of deflector plate actuator 19, deflector plate 20 closes the air duct
18 and deflector plate 20a is raised out of the path of the air being drawn
through the apparatus 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 to 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 into central processing 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 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



the follow ng di-sclosure with reference to Figures 1-3 repeats the 30

di scl osure of this invention. . Wth reference to Figure 1, the
apparatus 1 includes a suction fan 2 which draws air fromthe

at rosphere sWP8YUhg t he apparatus 1 through an air RATNFYQ0%4en 3,
over a first air tenperature sensor 4 and fzhus into the

12 apparatus 1. The air then passes through an air heater 5, over a
second air tenperature sensor 6, and then through an evaporator 7. An

after cooler E oL eB n . S] n e
evaporator 7 and % w%_he,?&@%‘%ﬁr ?gn%aé a%@%ﬁ/ﬂ%&‘?ﬁ%?‘S@“itggtg\é\ﬁ%%t@%gd to a
tenporary water 5 and @dis\jthe meshrsgreen 2morary water reservoir 9 incl udes
wat er | evel sensors 10 and is connected via a water feed 12 to a main
wat er reservoir 13. T lyof: ' filter 14, a
wat er punp 15 and a wat-gFe é}q’d\gﬁg&? s?lzﬁgg%né% nb%&l#ﬁogév t°\é¥?&f Q(‘;"& "'I_Lé'g{‘ray al so

i ncl ude a recycti nBrespire sirigerant feed 27 oa yafrigergnt filter 28, ord oepillry tubes 129.
tenporary water reggishown irbthelfleferred embodiment BEthaiRdntibhlth BigavesS théte! udes a
cold air duct 18 ' I t . . e be the first air

t enperat ure senso\r,\@z??g’r?cf%? ﬂgryat?tr’é%egltcgrexg.%g'%ﬁ?rggt 1LII¥\‘lg'e“"cgoel'"% Tapd Etl?uct 18 can
be opened or cl osetefigesanttigtothe pvaporatoyéat adidiy pressiree The capillanutibes 289 on

Eihl?l air def : ector z&ktaiﬂﬁ eVapordfdn 7 A% ety of ﬁbsﬁkﬂb‘fﬁlr éxarﬁﬁh@ aﬂ-émr@?é, "

efl ector plat ip.a positio | would allow air to flow
t hrough the dugf l&d ﬁgﬁeﬁégﬁp g\?\’ﬁ“?@%%‘hﬁ”!%ﬁﬁ%ﬁmﬁ"ﬁi}mé% Pft?s?)ﬁ’é‘f e via
the suction fan 2 preasure Fririgarapioeturm 31 toshgicempressor@1. of this air, now
cool ed on the evaporator 7, is deflected into duct 18 via deflector plate

20a. Vhen deflector pl 20 in th Lt ia the 20
action of defl oot or pl orEondeh A¥ieded, Bpredrtolf " Heiasul S bisader d o7 *

duct 18 and dwrieedavet sqpser 32 noheimain waterdresanyoin 3.t fibe peeatheotind he ai r
being drawn 15 t{atd@Evel spsaPRaBS iHcildds SUrbdtRér fiRP38. ARhbEFPReat Uure of
the cool air RaaSloQ: FabRYN o TG ad Sa'ord ShEH S ol ol bSTm Q0! €7 21

t enper ature .
water reservoir 13 in a controlled manner.

Apparatus 1 further includes a central processing unit 35 which

20 controls the amount and temperature of the airflow over the evaporator 7,
the airflow over the condenser 22, and the temperature of the evaporator
7. The central processing unit 35 also includes a defrost sensor {not
shown) which will determine when there has been sufficient ice and frost
build up in the evaporator 7 and which, as a result, will determine when

25 the refrigerant will stop flowing into evaporator 7 and when the air
temperature flowing across evaporator 7 is maximised via heater 5 to melt
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
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



sensor 8 positioned between evaporator 7 and fan 2. In response to air 25
tenperature requirenents and the tenperature-of the cool air exiting the

evaporator 7, the duct 18 may be constricted as needed by deflector plate
20. The senwory4390 6, 8 all input information into centr aPCHYNEW&EEHNng unit

35 which processes this information as will be known in the art. 30
The apparatus 1 al so includes a systemfor circulating a refrigerant
t hrough the evaporator 7. The systenrshomm in F|gure in apparatus 1 is

a cl osed systemlnclugﬁ a co res r r@ ttachg to a
condenser 22 vi #Pgsfp ‘%F@%'gﬁ’lr e%'"aﬁg ?qgff"ﬁ I"&P®54°dr aws air
from t he at nosphidlimetes ofoaachiitulye. t'ﬁm cppectingtubds ark prfefably fomwed ofcr een
13 25 OYRd nﬁlhﬁe&&ﬂﬁﬁ-@;sﬁ&wg?er, ﬂl@ma’{l Be?éb@ébeﬁ%@n?%ﬁﬁaﬁlé‘fd?hﬁgh the

apparatus 1 exi Vi a The
condenser 22 is°t H@Wgcﬁn‘ﬁ'h%éﬁ‘”f"a “e%?p?ﬂ a?B? e"/ap\‘?faém Y Fﬂa& favefour 5 ossure
refrigerant $eethy@rs,ofahis adbingyehixhtcah ibk tirgerc@BnectettitocalipiM refriggrantibes 29.

As shown int heﬂ&rverwuaﬁaﬁnberupamr 2f Thd RurhBere idyehs muErn \Wdy e there

are five capillary tubes exil erant filter ndfeedthe

T orancl nt Betbyagh abaua aia phost Byasienr i, ThAERPEro THRY SEAtVEYy { ubes
29 ent er bééormedpdabeash nfatatial avitheopeatngs of betvaieh iabogt, 3 Aimd bexanpl e at
entry 30, 10 apglihbfed, %Hre BRf&ably Q)?hﬁlﬁneftfegnél{%gglto Ry ainamem@eham ator 7

via a | ow re re erant return t he ess
A shown i 1181 giHiCbe knqurLin s S oLl bp usedy In el DRt PreB eIy o
wat er | evel senmesh 8geningstwiél bewinpledditoer thedime rof diitial 2Bflow leatripr dat her and 15
water |evel Senm{neﬁznehaﬂmlmn&d@%o ?sebérfgﬁ}ﬁﬁtaf bibdeS'at & fréHtlcAGhEd Lo the

mai n water reservolr | S er can exit the main
evaporator wrth evaporJ%or tubes at the back O\W?‘ne evaporator to cool the

plates, thus allowing ice/frost to form in the angled plates. '

15
in an alterrxative, and preferred form the evaporator 7 may include
one .or more helically corrugated conduits, the or each conduit as described
and claimed in international patent application no. PCT/NZ93/00087,
which patent specification is specifically incorporated herein by reference.
20 '

Such helicé'lly corrugated conduits may also form the coils of the

condenser.

The air filter 3 may be of any suitable form. Preferably, the filter is

25 a 200 micron washable filter that may be removed for cleaning as
necessary. This filter is not essential to the operation of the apparatus 1 as
shown in Figure 1, as will be readily apparent to a skilled person. The
apparatus 1 also includes a water filter 14 and a disinfector 16. These
may be of any suitable type, however, electrical charge disinfectors as

30 known in the art will be preferred. Water filters such as ozonic filters and
activated charcoal filters for example could be used. As will be readily
apparent the filter and disinfector may be omitted if desired.



water reservoir -13 in a controlled manner. . Apparatus 1
further includes a central processing unit 35 which 20 controls the
anmount and tenperature of the airflow over the evaporator 7,

airflow over WR¥Menser 22, and the tenperature of the evﬂﬁ%@ﬁ?@wn4

7. The central processing unlt 35 al so incisudes a defrost sensor (not
shown) which will determ ne when there has been sufficient ice and frost
build up in the evaporator 7 and which, as a result, will determ ne when 25

the refrigerant will stgpchh QWSQ& nrl‘-tl E12RG6 el 2, 220k WO INEK & Sieo
tenperature flow ng across evapor i'§ maxi m<¥ed’via heater I%to mel t
the ice/frost on t %’(P&E?(S‘l‘%ﬂor'rh?.fa%%’e@éﬂf?'raalv §QQsémdans, futipen bgreplacad

ef f ect, cont r ey any batmaaﬁém @il B KhroRRDIAIAS W Jrhlerfaﬁs%ai: be 30

Th t
e evagorator 7, ol $5 3G Ry Sl T i o
t he evaporator ¥ \NPPW“?W&I’UI@“M tg theceffipient tiungmamﬁé@e apgRaEatus. ulﬁbe fan

i ncl udes a number egpeedns efsmabhsybmweattsoﬁm%nd BDOERN BEpenamglipithe@izefopur
and eight fins arr }%apa\igg RYS al¥9pt90 PfetaﬁUé?ng eap&gragu ié‘%g‘g' connectlng

14 tubes in GV ApPOr Gt oF PRE YFer 25
mllinetres of eacﬁpﬁﬂw@nsqﬁe @Eﬁimmﬁ@qsubﬁ‘@lem elfﬁmvé-f ¢rthb layfidwrintad of

one mllinetre tubkgpg, thb@mmst Wliﬁh&t%ltbﬁ'&dﬁﬁb&%&ﬂ Wy erarrisWi ik kg € form

of tubing as w b kn ave four 5
|l ayers of this lt’ubl en' '!31#: "géwlf?l'i"é?'& '8@?’@‘6"& fa‘ZFSM%I'PéTtPT gerant to
f1 ow t hr oughout theesm'peraerﬂew imto thpevanender. of | ayers of tubing may be

bet ween about 3 and about 6 as desired. The evaporator nay aI ternatlvel y

be forned of - a nesh matgrial .wi.th openings ,of. between about an
mllinetres, nore pref ef’é%?" tei"‘fﬁ'ﬂ'%nﬁ"?% 4 gq’ﬁo%e sgﬂvnéﬁlr:{géffﬁ ?‘fﬁsh as
10 will be known Pwsﬁﬁéoaﬂnﬁu@dmfdhbéemwdture qfthheilrrmslnsploeéremeed form the

15 evaporator 7 is maintained within a set temperature range. The
temperature of the air passing over the evaporator 7 should be between
about 25°C and about 39°C, With a temperature of between about 29°C
and about 32°C preferred. The air temperature sensors 4, 6, 8 can be of
any suitable type and will be connected to the central processing unit 35 in

20 the apparatus 1. In this manner, the central processing unit 35 can control
the temperature of the air flowing across the evaporator 7 via the
combination of air heater 5 and a cool airflow from a duct 18 via deflector
plates 20, 20a. The air heater 5 may also be of any suitable form but will
preferably contain a mesh having between 3 and about & 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
5 and the cool airflow via duct 18 may be replaced by a variety of other



mesh openings will be angled fromthe line of initial airflowentry.. A
further alternative would be to use angled nmetal plates at the front of the
evaporator with evaporator tubes at the back of the evaporator to cool the
pl ates, thuwoabkan ng ice/frost to formin the angl ed pl aPEENZPP0024
In an alternative, and preferred formtrl\ evaporator 7 may include one
or nore helically corrugated conduits, the or each conduit as descri bed
\emd ﬁl ainmed in international patent application no. PCT/Nz93/ 00087,

ich patent specification is specifjcally incorporated herein b
reference. 20  Methods. As"@ﬂﬁ:?l*’%%‘?‘?&?”’?“%bﬁ"?l?ﬁ gy e 5n‘é§/yal so form
the coils of theshown inFgudehkswould suffice provided the Tibatedcaoldriuniteooul® may be of
any suitable for in{:‘a'ir(‘:"{h‘aeragbl%)fﬂ:)eltalﬂﬁ"ef\n}i{hﬁl‘fﬁ{he'tﬁmgé'a'curé‘b't:)tquégcﬁﬁélfI washabl e

filter that may be renpved for cleaning as necessary. This filter is
not essenti al t PreYieuer ati on of the apparatus 1 as shown in Figure
1, as will besreadily apparent to a skilled person. The apparatus 1

al so includes a watery filt . L Shi: r LRy be of
any suitable type, h(gr\}vte'\g/ééra?'&ev?@c{t%r@gaeq%%gpsgrgﬁéﬁs?%%&ﬁrﬁgﬁ%ge %bltr%nown in

the art will be theep@bination ofaidflov threughthe giaporaton Zoihe temperaire ofn g
activated ﬁha;PFmbt i, |dna ke Hibdeneloastpt the fink ladld Ingbeisdie the d\apuniakdr Z0e readi | y
apparent the fi LSk . . lets ' '

i 2ol 2o R0 oy drod i on v

15 used to

suck air intd evappEer iy As Beguoned prepoyslyn these are s waristy pf dehwatiifien f ans,
but can be repl adexites whichliceumy", shiist radhhoingibe iefficiearey wif the devidesown i n t he
art. The Tans MyesBfbed. TnésBRlAGRMYe Alve Mbdifibs Yesighdl {obmdGy bices T OF
exanple. The airflow i1nto e appar at us I'S 1npoftant to the efficient
running of the JppaEP fArned tagesyre the dehumidifiss ppprat $ERMY un bet ween 280cfm
and 800cf m dependi ng on the size of the apparatus. It is an optional

feature of t pse appar %thgsapﬂxaljaﬂnsi-J?Q‘\éjgﬁeﬁﬂnaghﬁwn in Figures 1-3 relies upon an
efficient production of ice and frost in the evaporator to produce sufficient
water to make the apparatus 1 a viable water producer. The system
providing the refrigerant to the evaporator provides an evenly balanced
refrigerant effect in the evaporator 7, thus ensuring that ice and frost

20 formation is controlled throughout the evaporator 7. If ice forms too

rapidly at the front portion of the evaporator nearest to air entry, this will
prevent the apparatus operating sfficiently by stopping airflow through the
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 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. '



speed sensor to-determne the nost efficient airflow If the airflowis too
fast, then ice/frost will not formin the evaporator. If the airflowis too
10 slow, then it will tend to formon the initial parts of the evaporator
restricting A¥YPPYERS nto the evaporator. The é’FF’legﬂﬁ’gﬂr‘ature
sensors 4, 6 and 8, as shown in Figure 1, ;are present to ensure that
the tenperature of the air passing over the 15 evaporator 7 is maintained
within a set tenperature range. The tenperature of the air passing
over the evaporator 7 should be between about 25[err] C and about
39[err]C. Wth a tenperature of between about 29[err]C and about
-32[err] C preferred. Thé fyrtherembadient would ivglve the pwvisipncefia it ajf any
Slﬁli tabl e type and bwivkdr (et shoWnE pbsitioried exbnaligith lapparBfusClc 28isRgwHMt 35 in 2?
the apparatus 1. | hS n | e n_contro
the tenperature Of&uk%‘l,a\{vﬁﬁﬁ Ivg(\gﬂldnglgg'cgggsg ?‘lﬁe@%‘g%%%?%p%?&& %/l[ ﬁé?rﬁ%a"&

combi nati on of Sai PVAcHE&varPraier 7a Rrexidedsthetpraperetuserphitheain frarp the blower | ect or

pl a]E es gf), 20a. Theuldibe ddeqistsly zorRied] ﬂﬁ?)ﬁﬁéafc?‘tus’gﬂisshﬁ\h’ﬁfﬂl Eiglire"1m -t23ut will
preferably contain L0 0.3.and,about 5. njllinetr 5
squares in the mes 03'@51%? é‘?g?\;me,gop?ﬁ‘e‘\@c%ﬁg?ggg\?\}l'l 1 e eaqggﬂ}e R Ret r e
squares. The air [3enqosy 456 8nd 8 therooling sembinatinnef deflectat platas 20, 20a

mllinetres in w @dhd dubt 18,s\Wvélt &5 Bk airttRuater B0andl duktistPtdnes Peiusd iy ef erred.
The wi dth andjgesh dlﬁny on n&t essenti al, el ene gnt i on
p

. are b il lll ndeOfthEIV
and are sinply°pr &¥EP ?ﬂys"s§§ Rrpiausly hereiny g A Hlewsygaud-ther bepapgetdlen v 30
heat ed when passi rigr irtakedgyicef shentait tempefeitere ciontolisr'barsl thie “difroster”. heat er

will vary with the size of the apparatus 1 as will be apparent to a skilled
person. There are, howeyver variety of nethods by.which this can be

achi eved and t he techn.Hﬂre@s(%a}a}%%f‘ﬁ%%apr?&emvea?rra d&WB@'r'Bﬁﬂse‘%vi a the

heat er 5 and defrestingair daiiging tve eMagomatartusing ahot dae fluelpl aced by a variety
of ot her 15 : _ : 1

6
Shown 1 Figure 1) woultrSfarsiee {8 Atz e deesicel BoaB sham Areertat o
above may be replaced by the inclusion of a secondary line 40
interconnected with the line 41 between a compressor 42 and condenser
43. A valve 44, such as a solenoid valve, is included to control the flow of
20 refrigerant, which at this stage is in the form of a hot gas, through the
secondary line 40 to the evaporator 45. There may also be included a
dryer 47 and pressure valve 46 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-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



maintain the air tenperature within the tenperature band descri bed
previously. 5 In use, and with reference to apparatus 1 as
shown in Figure 1, it is t he conbi nation of airflow through the

evapor at or WO 9943990 enper at ur e of that air, and the dPFENZIUNE40f t he
fins and tubes in the evaporator 7 ghi ch combi ne to naxim se the
efficiency of ice and frost formation on the 10 evaporator 7. As nentioned
previously, there are a variety of dehumdifier devi ces which "ice

up", th r educi t h ff f the deyv ib Th
dghum' d:st i ersuﬁ;n °h§?§ﬁ§[ﬁl1bﬁé§@é§?'§ﬁﬁﬂ'c% eé'?rﬁ\?ecef'ﬁﬂ' p’°°°ss'f"gé'?‘g<§5f orG?rgd to

ensure the dehunpdnpiléris epmrtedds nfvieitbé eraténfrom tendporary waterTigsera@ip8r at us of

the invention Shfa%u rnf.uFérqwaeﬂ disirFeb@t 1 B%o YRPMaflwater res&lbir 4BERtwiPr oduct i on
of ice and frost |n eeva ter to make

the apparatus 1 8e{godlY Ep‘?ﬂé ﬁ?fr‘%éﬂ?&%? %CF%?&%’H?"S tF"tﬁFSOW‘g?#g t he
refrigerant te t hanm@wbﬂmanqmben starwlagch filkration devicdsaaswell as the r ef ri ger ant

effect in the evanpy &ffo7 xﬁi&?&ﬁdl di Bagtanisﬁs vﬁ'ﬂéh 3159% pfdbend OF Mat i on
is controlled throu% out t orator é) rapi dly at
the front portioMosfd enheb "eVé‘HB? 6'?" watgr §'L"9tp6°"é‘fe|d '%Fﬁqr"&'/'e ?%hg"\ﬁf‘

prevent the appabaperbamspanirasli consefption.efibé purbp 15t appldi begilspmééd)\mtbhr ough the
evaporator 7 and 5§ kil biadicy ?é%dfte raﬂfb&té?ﬁhl Tr&semtcobrd%tpreﬂaéd fn. 25

As the warmair enters eva ora or e war air is

i
- cool ed and f dP ns 9e§ii5dt Fyphen E"??"f?a?t‘tso‘f’f?'r"go?aé’dyl'?ﬁﬁﬁ%‘fte%‘f HIMR™ he evaporator
7. \Wen suffici eptodicostavhichcwasinst storeddnl thereppamtus/bys cathenexited the

deternined by a_dalg a5t v SMbie(gialiREIRD bd Jsdd nfelbkéig! RS BT LN

35, the supply o gerant to evaporat or | S he heat 30
- provi ded by heat B?WBV‘?"st%ﬁ‘k'P‘i’ﬁ adgast "PWB”&NWPB’\)(P’HB%'E‘?W@“ PtRMnd frost in
t he evapor at or wHigare T.oPUrept1$ can, aatvitkbe readiynappe@nt; baif @any seitable/torm 9.

Al ternatively tQ?mﬁlF%Eﬁd%ﬂ’fnet gtt he airflow could remain at nornal
runni ng terrperature 'S woul 3 of course mean that the ice/frost

melted | ess qU|ckIy however .
The preferred system for providing a refrigerant to the evaporator 7

is a closed system. While the apparatus 1 shown in Figure 1 discloses a
specific compressor/condenser system, it will be readily apparent to a

20  skilled person that this system could be replaced by a variety of standard
refrigerant supply systems. The system could, for example, be replaced by
known pump technology, compression systems, or rotary pressure devices.
While such systems are not preferred systems, it would be well within the
ability of a skilled person to use such systems to achieve this end. As wiill

25 be 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,



17 . - A further enbodi nent would involve the provision of a
hot air blomer (not shown) positioned externally to apparatus 1, as
shown in ure 1, which*would blow air at a“set tenpe ough
air filter BVEH over the evaporator 7. Provided the tkﬁ%@%&%h:% of
the air fromthe blomer coul d be adeguately controlled, the apparatus
1 as shown in Figure 1 woul d t hen have the option of excluding all, or
sone of, the tenperature sensors 4, 6 and 8, the cooling conbination
of deflector platggr’Qeretfiddo not prdtide QW& codling %§ervﬁle|wl%‘ie bfpedi 1 heater 5
and suction fan 2. To use the OP tern1nofogy used previously herein, the
air blower could Pﬁﬁﬁ"ﬁ@'part of the - "air intake device" the "air
tenperature controller"” and the "defroster” Figures 2 and 3

show an alternative or, %g'f§wgﬁhe¥§%§raﬂi supply sﬂ\e/é,ﬁ Eﬁ&h?er e un@el' ithd Ng the

evaporator using a hot ce to Fi gure
2, the electriéal 'ﬁ@%&"f“ﬁd’s@%‘i Hh Sy&tam pasele of any siable R/ ahwill kpkngvel by

t he inclusion of @ eecatdReffigeianes gidh as chiordflueraarboast ed Wit h the I i ne 41
between a conpr esﬁ%roél?lo%ﬂgorggmgnss%; lhyctlroﬂu:?fﬁcar Or¥satlzo g?l’l ger ant Whl ch

sol enoid val ve, is i1ncl to cont'ro
at this stage is Pliempiivesrgfrigegant guitahie tpsaising fin siphe 'E\fFéem may B&condary | i ne

40 to the evapor aemploybd. There may al so be included a dryer 47 and
pressure val ve,46 between the condenser 43 and evapor at or 45; and a
filter 48 between the evaporator 45 and conpressor 42. Wth this

system very rapi d def r bag forgrressal &l; used do supplvtheupfrigeranb ynderpressyret o 25
stop the conpresseie condenser 22 may be hity ¥hd bf DRUARIIOF &Y sdse dAriyloiv) @seivpki | | ed

in the art that thy ﬁ.gfa%PeE‘ssQrfe compres%QJchraﬁsogou{?é&099%&%:?%%%%@9@3' ing a

hot gas flush of Phe evap r—condi tioning
pl ant, existing defayiding ahoelﬁéoaﬂ% ta gboytQ;QQ0nzhexld heKFery altheyghidis s '

Fol | owi ng col ligct heninfdndedite be limitinge CopfPedsarsysuch 38 RNOR2L0Y-,240e wat er

passes throuan 11 bhRbrebibus BilRed By 3lrall 31 CRlnd B R GB1RbLAED!

wat er has col | ect & I eservol water
be used, for example The condensing unit 22 may again be of any

. suitable form, as will be known to a skilled person and the 220V fan-
cooled 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 and units supplied by
Embraco Aspera, Bristol Compressors, Copeland Compressofs, 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 positions (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



18 | evel sensors 10 which comunicate with the central processing
unit 35, punmp 15 is actuated to nove the water fromtenporary water
reservoir 9 through filter 14 and disinfector 1 6 to the main water
reservoir 1909943980 | be readily apparent that devi c®ETNEINPR4 16 are
optional. Filters, such as 5 activatﬁd carbon and ot her standard
filtration devices, as well as the di sinfector for renoving

m cr obi ol ogi cal organi sms which may be present woul d only be required
if the water being provided is required for hunman . or perhaps ani nal,
consunpt i on. Thresswis of she efigeran afomisesthedetrigennt °ha“9QHdh%1'e§'i'9ﬁ5$'E gravity
feed to an ext errom aliqdie form (e.q Gnloil) trea pasoVTitenbw badedus drefrigessnit tHeor t her |

the appar at us V\guéélhdéﬁg%lﬂo P'fe @tﬁxﬁst%éﬁ ithé .E\p%loea ort%gt RUARULG B¢ Wat er which

was not stored in 't ar at us t rather exite %p aratus via a
sinple gravity fPegtorswhich alieys forARgven disjributipn frsthe exppgratoy 7ot the  oypyer
t1 0 iancl uilg ats | easigergrlxﬁmpomergasemeemgéwant then ierils thetevdparatdd coils Fi gure
. Punp can, eafll ) ' form15 as
will be known i ﬁ'%hﬁqee{t%?.%tﬂe mbb%téﬁp‘%&'ﬁ{e&cﬁe aet(ra:ggng)‘l)é%gee%napgé providing a
refrigerant to #ow-peassyethroggh feed 31 to compregsg 2t whwea it i Pughed 919 he
appar atus 1 showsndédnsér 22/wherk itlisSagjaidscndénsed into apiqaidf | C
conpressor/condenser system it will be readily apparent to a 20 skilled
person that this system coul d be reﬁ)l aced by a variety of standard

refrigerant Wupply syBe lepgth ofiibe soritary tykeg uged yill depgadiBn ghe BRre op| aced by
known punp t echrngyt, of tREBaEIERY @Nd Shedbigth of tie svaparator ebitssasede Ifithei ces.
Whi e such Syst oy @be uBnl RlBhaLsEis DAk &Mupolit 8 WA KRS Wflrhertdst hi N ¢ he
ability of a skilTed person to use such systens. to achieve this _end. As
will 25  be knbgre. the borpendas csqé'iqriﬁwoph’ytterﬁbg"h?-é millisnetrege tbdd 2suppl y
syst emts \t/\ﬂ;;: hI i millim@tré %}eaﬂefed tube fem? the edndiegser Wak vsed) ahe pap}Mﬁ bereand
o0 oLt Wl o gk ¥ FAERRA! Sy el AP il 1 vapor o
descri bed her ei rsalculable by a skilled person. The iength 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 both 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.



30 - However, the systemas described with reference to Figure 1 has
significant advantages in conparison to such systens. Known systens
convert the liquid to gas refrigerant by nethods such as in-|j mg&dﬁ{stabl e

val ves whi ch ¥@B¥##%aseous refrigerant via a single Iine ud§d he
top of evaporator. While suitable fog dehum difier and refrigerator
t echnol ogy, 19 such
systens do not provide even cooling over the whole of the evapor at or .

In the formof the refypj ; S ' ' 5
refrigerant used in thﬁe\bggé?@%ﬁ'%gﬁ%ééﬂgﬁ%uﬁ%éﬂ%\t,\%lgr“grﬁyggé gss,je\r/‘\}elﬁ'lt?ﬁ%e known
in this art. Refr PYRRO&IPE @Enewaagtchﬁlp@ﬂapwéf%@art%h%ﬁe of the evaporator as

hlydr ochl or of | u?r Ogasigeied an30)yith efrhoial Bt RoP SasCdusighated] gehierally ecgm Any
alternative refriger.ant, .sui [ i AP t e

enpl oyed. 10 designed t%fﬂge%%%ﬁé;g‘éeﬁ‘e%duﬁg5%§ﬁc}'ggetﬁ %?’yaei}whl‘ge%#ef ri gerant
under pressureS ice/ffess fermaiensierthe svangyatpe? aky apResask toknawmrefriaggrant y pes.
Any |ow, nmedium systems, inkg:bgm&&?b%sgz@qma&&ouhta c?a:gedaa% WSt in Elaii gxarml 3’
conpressors rovidl n t I 0 _abou , S CcO e used,
S Thougn this is Pubarabl? dRaa) or's AbRSk: o Bofiiahd o e BRLObobEMer oC {he
220V- 240V corngfrigerant hasnagpad tbepugh the avanosator 7. the refeigenrant exitsrneann

cool ed types may or at, th€tdpSéiGhe bOipoPtdNP| erhe TERig6raREi8 moWIS (B gressardTBY
agai n be of an rson

Ui t.abl e f _ i1l b wn_ t kill.ed
and the 220V Mn. and ext y8ciow iakotd? 1o 1 98 SFES 1o Suteraeras ¢ TrthBocs
woul d be suit abl e coinpleting theeglosad| leop $ysterd dravided, byXthe dppargtisc dtisrthgsor s and

12V and 24V QBITR/ SSBRsystertHlevahf L dafthdSRAporhto? Whdtabis 'tk syshém -

particul ar application. [ a variety of condensing units may be
used and units su %P?@ﬁteﬂ?”w’?ﬁé‘ﬁ'ﬁ&r aco Aspera, Bristol Conpressors,

Copel and Conpressors, to nane a few, would also all be suitable.
15 Figure 3 shows the apparatus of Figure 2, but further including a

heat exchanger. Thus, a further line 50 from the outlet of the compressor
42 may take hot refrigerant gas from the compressor to a coil 52
positioned in-a water tank 53. The outlet 54 from the coil 62 then
transfers the refrigerant to the outlet from the compressor 41. A valve 51,

20  such as a solenoid valve, may be positioned in the further line 50 to control
the transfer of refrigerant through this line. The capacity 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
stainless steel). The pipes of the coil may be slightly 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.



25 The refrigerant is supplied in a cooled conditi-on to ithe
evaporator 7 at a variety of positions (e.g. position 30) as shown in
Figure 1. The cool ed refrigerant passes through the filter 28 and
enters the woapeIsn or 7 via the plurality of capil| aPgTANGH&80239 | n
the preferred form these capillary 30 . tubes 29 have a bore of about one
mllimetre, while the high pressure fedd tube 27 has a bore of about
six mllimetres. In the preferred form there are five capillary tubes
which exit the filter 28 and enter the evaporator 7. The caplllary

tubes have a reduced/as alsgbgen found FWéF%BPBP'%ﬁ qen P?\ etfigiently operated; i | 3r to
a spring. The r edthott the rieed Mranstemeurplcedtmﬂdr Ito torardhitigitemperature

20 Pr €55 fhelc rfirgEok Pt oAl MR \{eglaur&iaﬁ,a.gf‘drant changi ng the

refrigerant roma orm(e.g. an ol to a gas. The now
gaseous, refrigerant then seeps directly into the coil systemin the
evaporator 7s5at a vaWithtrgfepdnce to thepappatatinshow ialFicakrdsov3, therapparatusen

di st i but i on | nchIeHERAP bAKAEs waly toRPinehr, UR'ibd AFhfHn G The gaseous

refrigerant t hefy ex or at or 'he' t0p of  the
evaporator 7 (a§vinumteamdthoyt "‘SlﬁfeséﬁEP B%\g‘g@!f tgmgerature °°"tr‘8'ﬁﬁ eelEur e
t hrough feed 31héaecamm(es-sdﬂthIB)whmeavdlﬁma 8f thediraghtérinigthe apparsmldenser 22

where it is agal,f égﬁqsrlf/%ptﬂem’%ﬂﬁ% te%Lquhe evajpgrator ds cont?ml@d th of the

capillary t ubes 2Us he capillary
and the [ endfh HPS'L'Wea’é%aT)HPa&"SP”EW PS'"Qé’éﬁjs”’chePﬁéhe °Vap°’PE‘Ed’“t ube fromthe
condenser i s betuniivthalvetér i thealr frtbexas. Alirathdriimegere of the apphts cdnhe bore on

the capillaries X\ledg?#?‘%eép Yhe ;pérﬁhé Lié&ﬁgécfﬁliethééfe r]: to Fi uregi1|i%,i metre

bore feed tube rom e con enser was use ary Qre woul d be
about 2 millinetres. Such requirenments woul d be read| |y cal cul abl e by
a skilled person. Thr thetugrigeratire of theOsir emfenﬁgmeca@phdatmnycool (saytieges Wil |

be, at |east;si Nypardyo P‘F‘é“?f) Qﬂlé]ﬁdurhé(df Bfp X%‘e gr.gfe ?ora or's frostlng

conpressor/condenser eed rred
refrigerant sysf¥f? d’aeé’ﬁ 'fath?Flﬁﬁ?'Bp‘f’éﬂ“FﬂjéV%‘F ﬁl?‘Ueanﬁg'si%g:é form

‘whi ch 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 be 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 Figure 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
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



20 is then able to be fed directly into the evaporator coils at a variety

of positions maxi mses:-the efficiency of the systemto cool the

evapor at or evenly. The system s ability to convert the |liquid
refrigerant t"WO848¥ and then directly feed that gas i KCS 0024
evaporator coils at a variety of posgsti ons, including at the base of

t he evaporator, coupled with renmoval 25 fromthe top of the evaporator has
significant advantages both in terns of cost and in ternms of efficient

and even cooling ?‘é"#‘ﬂ?f’?ﬁ%“%ﬂ‘,@?V§P°fat°'{”1ts“§w%“@"§§%‘3%e¥q§Q’gds such as

usi ng an adjustable | val ] i rres o al'ves) 10 reduce the
bore di amet er, t hiisitingapd pltagatyes which wilh ke aprarent teskilled|psesopanaysalep i n t he
apparatus 1 as habelis&n stated 30 previously. This system using an

adj ust abl e val ve is used when the ~ pressure is above 3000psi and woul d
be a far nore expensive option than using capillaries as well as
having |initatfons of Eigwe showeaqreferred.candealternative,yapparptus which

21 ] Meorporated t;ﬁrdto}udwoﬁaedtaoritfb]! bbasH endlexcludies WSit' ?L y L ubes f29
enter the evapor at or [ of positian e.q a he base o

t he evapor at or asggmperétgrgs(foé'%é’{'%a% g’ice%ﬂe/cov“"t"ﬁng é#‘ﬁ)i’/’é?e"éﬁer %Hée TOR s

desi gnat ed gener atheyapperagus) desi gned to maxi m se the evenness of the
cooling effect, and hence 5 ice/frost formation, in the evaporator 7. As

opposed to kn refri ant steng, th illary. tubes.29 used
enter the congaggti n t'ﬂ&é% APRAEIKE shdwn "@'gﬂﬁrzg?&%p‘?“ﬁﬁ {%%ﬁ ‘gfeif"s P®funber of
positions on the elithesapiiprydubsrcas shownripffigued arfs TKaslveds s welvelwhicigh t he
evaporator 7, thewilphd kit a 8KilddSpetSaH and alternaRivesito sichta V4l RIEY bl

evaporator 7. Thebre;er' gerant is now at |ow pressure 10 and exits via the
| ow pressure feed 3Y°%Md returns to conpressor 21, thus conpl eting the
cl osed | oop system provided by the apparatus. It is the ability of

this systemtagsevenly pgak 4 dRvwaVadsgidis 106hawihd aNevigHRatsy $i6 W fan tO
operate nost effi ﬂ,@nt ly. 15 it 135| qure 3 shows the appar t L;I%_'Of
Figure 2, but fur raqdr&tl:wrﬁasogl uni . “The compressor unit inclues colls
which surround the compressor itself {(not shown in Figure 4 as the '
compressor 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 compartments by
wall 1560. 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



heat exchanger. Thus, a further line 50 fromthe outlet of the conpressor
42 may take hot refrigerant gas fromthe conpressor to a coil 52
positioned in a water tank 53. The outlet 54 fromthe coil 52 then
transfers twe9m3wi gerant to the outlet fromthe conpress8FTAHZINU,| ve 51,
20 such as a solenoid valve, nmay be pogitioned in the further line 50 to
control the transfer of refrigerant through this line. The capacity of
t he water tank 53 woul d be dependent on the si ze of the conpressor 51.

The coil any siz sha e h conduc mat eri al
(such as copper %stea?"éi 5??\%’9@ |§1[té1§|e5\ s?ﬁ %'a"tssoo'f" et’?f@ may be
slightly fl attenedagableimgmexie 25 the surface area and to allow greater

contact with thin plates extendi ng fromthe pi pes. The structure of
the coil or pipe sys mW|t Hbge vvat sucha to facilitate

heat exchange. he appa’“‘“'f algodpe ﬁda“f ap%l?g? ﬁ?j‘ iﬂ B?Fé%‘mte heat

exchanger heat s bepvean the e@dpordtor 18@ end the condensepunip38@s Thatian @&@ is then

returned to the chdd'ﬂéeﬂo&ltﬁhQ@eIQ;where in tHRSppaFRIsCRI leg PRIREWPassi ng to the
condenser for coo 22

It has al so beer?°f‘6?ﬂ?&" it 1 3Q)rpgovidashansait ow gyerthe gvpnaratop | I19 ader at ed
wi t hout t he needhfoagh theadandemsepaniaitl 30 ds meintainedl cFhetppsitioning of thehtan

tenperature  ;.QholvH%h ﬁbtreetﬂtsear breertebeuahaa«r@twmme hpavirOareiver the
evapor ator. g i erence . to in Fi gur es

1-3, the app@r atWith reference g FéQ"F? enPrRlsy 8&‘L’|"8 aMBﬂ?" T’?‘@‘?na{;ﬁgna via ice
formation on theased, honevephisawvilirresull infadarget $izedapperatise vdfich mey.airr - : :

tenperature conthg hcﬁrbébre?er ¢! dependin &?é’ﬂ'&fmsﬁancﬁ()lsfhoé‘lbram&fa 18), if the
volume of the air enteri assi 2’? over the frosting

area of the eva/whigt Bp "F%dg(?'b?t??’ﬂg?'gﬂe"t#ﬁéﬂwf 13?85 JARYs M hobe; e
.evapor at or bei ngequvedsur f ace of the evaporator on whi ch the water in
the air freeges. Al other integers of the apparatus can be as

described for the appar Ay e b abirhtor 1 76 207 BS GefrSarbh 94T &5 1-3:

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 maximise the efficiency of the process by allowing a central
processing 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 2
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.



If the tenperature of the air entering the apparatus is cool (say |less 15
than about 1 O[err]C) the volune of air passing over the evaporator's

frosting surface can be high, if the air tenperature i ' y
above about X4} €419 the volume of air should be | ow i?ﬂ}fqg&(@&%

essentially a function of the energysand time required to freeze the
wat er out of the air. The rel ati onship of our volune and air
tenperature will be well known to a 20 skilled person. The

rocess will also be : kCl.ency ator to
1I‘O reeze the water in t_ﬁ@é)%{bg.ﬁp#ﬁﬁge%rﬁ%lcg%éeh%h%uﬁét%ngegﬁerature og\cé%gg'éssor
(i.e. 21 in Fi gur@eynasihe appeapigrie goniralisd @pd s efffisieney otthervaporator is Fi gur e
1) size as will bendwinwher thetvdfuntd bt therairicedsk ithe evdpoeated édncheency of the
evaporator in anystg{“?/a%‘s@unpar atus unit will be constant and the variabl e
factors to efficiently produce ice can be controlled by known technol ogy
which will preferably involve a central processing unit or the like. Again

fr eelzi ng efficiency vm'ﬁ dibéusaed ?ﬁﬁ(}éfekdiﬁtﬂﬁo FRyuis 4 Kdrld ?fiméi o3 wi’iﬂoutf
An alternative, t [ regd.o 1 on I S o .altler e area o
the trosting. sur {8dSponle BORIL TErihmBanis ot 8 Ardefie e apiterivd.,
vol ume acr osi§ noheonitaligds kit dhe evapsraton effigigney isdkanpwnifer amhgivered by

st oppi ng the appafdtiganif the fredxing 6f RMWateOfromhtRe aiv 38R bakBicidhtiyby simply
renovi ng or

. . . 23
covering port [%ons®BYeVEREY YNNG U Jelumsofthe ajf agrags shg syteceuep 9T ihpe
limting and al t egveneiatass Remayal ofithe alsdernperatuse control gystkin framd theer son may
al so be usedapparat@s shown in Figdré dUh8wd the iRNfatieh Bf Sh&iler 8Fparaind

alternative, appaa tsygs ‘é\‘?&v&rﬁ‘ 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
techniques as known in the art could be used.

20 As will be readily apparent to a person skilled in this particular art,
the apparatus described utilises a number of components which may be of
many different forms. It is not intended that the invention be restricted to
particular 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 including a preferred form
thereof. Alterations and modifications 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.



I ncorporates the volume of air control option and excludes the air
tenperature controller device for controlling the air tenperature entering

t he appar at us. 10 In the apparatus shown in Figure 4 a TX val ve
153 i s usedwonsusmoen of the capillary tubes as shown PET/NE¥MOR4]1. A TX
valve is a val ve which wi |l be kno to a skilled person and
alternatives to such a valve may al so be used. 15 Figure 4
shows an apparatus 100 having an evaporator 110, a fan 120, and a
conpressor unit &3{imgIhe conpressor unit includes coils 131 whi ch

surround the cor?p_‘—ressor itself (not shown |n F| gure 4 as the
conpressor itself is obscured r{g}/ the

refrigerant from-the AR Eﬂﬁ‘f"’ '85 5" ﬂé’%é’&ﬁ“&?&?d‘"g air, 110 via

feed 140. the aﬁmtwhnaludhps 100 is conpartnentalised into two
conpartnments [ waII 150. The conpartnents are a hi gh pressure
conpart nent f51 and a Iowrgressure co rtnen The conpartnents
shoul d preferably be (a) ag iy ﬂkea‘i'er""ielad'ﬁ tBr'H°é’3c?H 'B‘PHB?a PRATEVEY t he
apparatus will operate t hough not so efficiently, if the seal is not
air tight. The moverg % Epfporator ad’aﬁierd'tggfe%% tﬁé'\ﬁatta?%tgiﬂgd i@ the high
‘pressure area 151 t Ssure area ﬁauses a drop in
tenperature of the refrl gé'l'a‘ﬁt"“ﬂémﬂ'ethg@" 'U%ﬂdﬁﬂc‘bd’ﬂ t he evaporator 110.
The air tighipo seal for the apparatus shown in Figure 4 can be provi ded
by a cover (nOt showny) th&#?ogti'nb%éaﬁg'adad?gd PO GRE He WAr 85 by the
evaporator,

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

2. The apparatus accordmg to clalm 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 frostmg 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 varlable frosting area.
25 . _ | .
4, The apparatps according to any one of the previous claims further
including a reservoir to collect the water created from defrosting the
evaporator.

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

6. The apparatus according to claim 5 wherein the filter is a washable

35 or a disposable filter.
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24 .whi ch-sealingly engages with the ends of the wall 150 in a
preferably rel easabl e manner. The apparatus 100 al so

i ncludes a single fan 120 positioned 5 between the evaporataor gl%o% %nd t he
condenser uniWO3%3990The fan 120 coul d be positioned el EEHNE % t he
apparatus 100 (eg. above the condenggr unit 130) provided an air flow
over the evaporator 1 10 and t hrough the condenser unit 130 is

mai nt ai ned. The positioning of the fan as shown in Figure 4 is a
preferred alternative. As will be apparent, and 10 wth reference to
Figure 1 for exanple, a two fan option could also be used, however
this will result 7n a Therapearatysassordingtoanysone qiithe Prpyipus Glaims wheggin, ot |
be grefﬁrred dependi nglh_elaefi-bﬁmgr?éa’tﬁqﬁcludﬂa%dro&t bewdof fhdetect wivgi @ on bed
used, the conmpartnentali | on arat u i red.
s The | P PRHERResamhd® of 1 as? ndforih o Ing eysnchigh' 1o

di scussed for ¥igure 2 and 3 (the disclosure with regard to this is

lr) epeat fed)h' and.theTH@éﬁbErJt@’mrdéﬁd J_coii’fﬁy_ dliﬁHfQﬁéﬁtivid&s%Iairﬁsmﬁim at the
ase of the apparat us .an unmped via filter 0. X
The apparatus 100 can 'Z‘F?H,"%Sg%ﬁgggﬂs ,’Japr?gf'%tagt%%%gvrr%'g}"g&%g&para%&sensor

(not shown) to det er mi ¥heoughgheeyanogatper at ur e out si de t he appar at us 100

to maxi m se the efficiency of the process by allowing a central
processing unit tg adjust ' e to.the,te

t he f d t o
25 practice, fhowdver, etaqu'eﬁt?%g‘fépqe"?%f"l %]W;g'%;g%gﬁ%?[?gwfﬁﬁla\ﬁ?l% re'geuggte upn

in a standard nartherevaparator inciides| one ppmpes halicallyremiugated conduitsnas

envi ronment of US&escribed and claimed in InferRStRPECEatedt o dREASESRurfiber
extracting water from ;ﬁel %Pé/g%? ice 30 formation has been found to
depend on a range of va N 007 e tenperature of the air entering

t he apparatus, the volune of air passing over the surface area of the

evaporator, ang the, efficigparatudhcdofding to anyeorRu¥tRé elaims 1 to B 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/NZ293/00087.

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

R 0RO O



25 - As shown with reference to Figure 1, if the tenperature
of the air entering the apparatus is controlled and the efficiency of
t he evaporator is known, then the volune of the air across the
evapor at or NP0 standardi sed. 5 As di PCHATEU0NR4t
reference to Figure 4, and to Figures 1-3 w thout the tenperature
controller, if the tenperature of air entering the apparatus I S not
controlled, but the evaporator efficiency is known for any given
apparatus unit, the fr e2|n990f the water fromthe air can be efficiently

10 achi eved by var yiTGHI98FART e¥ingrihesgondanser ps a jayid yaderptessurerande ar ea of
t he evapor at or . bedngodisectenf totthe capillary eutee vist alhigh praskirelfesdy sheem f rom t he

apparat us shown i1 i Gilitiry'uBbd U5 pbllind (e TBiu8Anh GREbE 1oARRRRA! U°

units, as shown for exang apparatus of the
i nvention may be enpl¥§é& aﬂ°6?"°¥ B'H'B‘\/W'H[jh the refriggrant exitsas aawmcler@yv of water
fromthe air §or genesredsuleoarsiretiras via@, lowPpressure fesd to the conpldsstig ahdle

heating of this water i ng t echni ques as known
whd elq%ﬁ% Bﬁ‘iem% 9@@% %‘?ﬁ )

in the art could be useci be readily apparent to a
person skilled in this particular art, t he apparatus descri bed
utilises a nunbets.of Trergppaenissacebiding tGRYailel 0iherein thergoyprtsédrainant forns.

It is not intended t %"‘dél’%@f éy@f%\qycmepg JO?%PJSL%I’B%?D&YQR)I’ line F?%téd ul ar

conponents, as have been rhatl ve
conponents. m¥ be usablg hatigartefrigerans foaythe cempersser tomnterdhe eilsoft o

herei n. Any i ndi vi duahe evdpoeattibioraéit any icefor frost form&tsrs tHecdvapor@tor. W t hin
those ranges is intended to.be included wthin the invention scope.

The foregoing describhes the invention including a preferred form

t hereof . Al t er at 1®ns R PPR#GIUS] acserding<to\any CRe \ﬂlgF'F'"ﬁe‘%'ER/F%M@eEQH‘ theski | | ed
30 person are intenmaderser is@obled lbydirdiraWwh Btross he copdériser w\d saegpe of the

invention, agsdefined,) Q.tmsu ﬁ,gﬂsqﬁeegpp%mbm

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 tempei'ature of
30 the air entering the apparatus.

-
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26 -CLAI Ms: 1. An apparatus for the production of water from
the surrounding air, t he apparatus including: 5 (a)
an air intake device adapted to nove air into the.apparatus;

(b) an evaP@RWM43P0adapted to freeze the water contained i RCT/Ng99/00024

air issuing fromthe air intake device; agd 10 (c) defrosting
means adapted to defrost the water frozen by the
evapor at or ; and wherein the volunme of air passing over the

frosting surface of. 15An apparatuk Hér the ppstuetion of srated HiohotHecddiroynding her t he

air intake device or the . evag(aréattpr. 2. The appar at us
according to claim 1 villewbesinthe apperafys'a@udefsvi ce i s adapt ed
to nove a variable volunme of air over the evaporator and 20 t he

evaporator is of constapt frostjng ayea. 3. . The par at us
according to claim1 wikreidl ?'“n'@tagﬁe eyige JRAPIAL I MEVe gir into the adapt ed
to nove a consgant vol ume ofppaiatusyver the evaporator and t he
evaporator is adapted to have a variable frosting area. 25

{b) an air temperature controller which controls the

temperature of the air entering the apparatus;

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

air issuing from the temperature conftrolier; 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 temperature sensor positioned
between the air heater/cooler and the evaporator.

25

24. The apparatus according to claim 20 or claim 21 wherein 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
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4. The apparatus according to any one of the previous clains-further
I ncluding a reservoir to collect the water created from defrosting the

evapor at or . 30 5. The apparatus according to any one of the previous
cl ai ns f urt Wer99/43990 - conprising an air filter situaPEWNE®/I2ter the
air noving into appar at us. 6. The apparatus accordi ng
to claim5 wherein the filter is a vvashaqbl e 35 or a disposable
filter. .27 7.

The apparat us acgpr dithg af:ﬁaraﬂu‘é a@&ﬁdiﬁﬁ 16 BRIk 26 \Wiéin theiddifosidi St N
the defrosting neans includes a defrost sensor to detect when a

predet er mi ned anount aBftemperaye sorgeollens the aipintake demice gad theaporator. S

8.  The apparatus aggApéthtate 50thd dVaptRstoPhrelddRtrBieaWiLd Sin Pieadeﬁﬁ'al""her ein
the air intake device is a fan adapted to draw air 1 nto the apparatus

t hrough the evapor at @Focessingunig The apparatus according to any one of
the previous clains wherein t he evaporator I ncl udes one or nore

helically corrugat ed conduits a scribed and claimed in
| nt er nati onal PatPent Aﬁéﬁﬁﬁd%‘m q@?pqqm%éystem '"°'“de"9 a CorppreEsY 0B/ 00087. 15
10. The apparatus ageRdedbétdanh Svaporateéhdd pllifafityCdfaiaplary thbes3 Wher ein
wherein the evaporator includes a plurality of interconnecting
coils and the capillary tubes feed directly into the evaporator
10 coils and wherein t_he refrigerant feed from the compressor to
the evaporator via the condenser is a high pressure feed, and
refrigerant feed from the evaporator to the compressor 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 pi'oviding 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 particular

_reference to any one of the attached Figures.

25
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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 mllinetres 20
of coil. wo 99/2399¢ The appar atus according to any one of tHE/NAILV00D4US

cl ai mrs wherein t he evaporatipg i s cool ed using a conpressor and
condenser system 25 13. The apparatus according to claim 12 wherein

t he condenser i ncludes one or nore helically corru%ated
conduits as described and claimed in PCTI NZ93/ 00Q8%. 14.
The apparatus according to claim12 wherein the conpressogmégg 30
condenser systemincludes a conpressor, a condenser, and &

plurality of ﬁgpillar t ubels, whereln the evaporator Jncluoges a
plurality of ildterconnected coils and the capillary tjibes feed dlrggtly
into the evaporator coils, jand wherein the conpressorf| provijdes a
gaseous refrigerant under pressure into the condenserf, the|cool ed

28 refrigerant exiting the condenser as}{a |iquid under
pressure and beli ng directed to the capilliary tubes via S hi gh
pressure feed, t ﬁ I ger ant

capillary tubes A hen pghssing the re
I n a gaseous for mto t he evapoyator frgm whigh the
refrigerant ex%%s_aszfﬁ%?§ under 1o 5 prespure 99 eturns via a
| ow pressure feed to n the systemis
N

a cl osed system / \”\/:_‘@ 23
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15. The apparatus according to claim 12 wherein the conpressor and-
condenser systemincludes a conpressor/evaporator |ine adapted to 10
enabl e hot gas refrigerant fromthe conpressor to enter the coils of

t he evapor avopy43sonel t any ice or frost formed on the eva§5dyAo8poo24

16. The apparatus according to ang/pone of clainms 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 clainms wherein t he defrosting neans,
the air intake device and the tenperature of t he evaporator are
controlled via a single central processing unit. 20 18. The apparatus
according to any one of the previous clainms further i ncluding a
water filter. 19. The apparatus according to any one of the
previous clainms further 25 i ncludi ng a heat exchanger connectable to
the outlet fromthe conpr essor. 20. The appar at us
according to any one of the previous clainms further i ncl udi ng
an air tenperature controller to control the tenperature of 30 t he
air entering the apparatus. _
29 21. An apparatus for the production of water fromthe
surrounding| B+ f f -
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(a) an air intake device adapted to nove air into the 5
appar at us; (b) an air tenperature controller which controls
t he tenperature of the air entering the apparatus; 10
(O  an evapdPat&P*YUdapted to freeze water contained in the’PCQ"’NZS‘9”"‘“’2‘I
air issuing fromthe tenperature contryghl er; and (d) a
defroster, adapted to defrost the water frozen by the
evaporator. 15 22. The apparatus according to claim?20 or claim2l
wherein the air tenperature controller includes a first air
t enper ature sensor situated at, or adjacent to, the entrance of
the air intake device; and an air heater/cool er positioned
between the first air 20 t enperature sensor and the evaporator.
23. The apparatus according to claim22 the aiﬁ tenperature
controller includes a second air tenperature Se gor posi ti oned
bet ween the air heater/cool g—and-the evaparator. 25 24. The
apparatus according to clai MZo—a—<lalm 2l _Wherein tne
tenperature of the airflow fjremiheterperature—ecoRtForter i s -

f ﬁeen

bet ween about 25[err]C and ghaut 36l err] C Nore preferably bet
about 29[ err]C and about 32[lerr] C._ 30 —

4% ¢

i / 44 5 |

47
42

48

43 B

FIGURE 3




30 25. The apparatus according to claim21 wherein the defroster,

t he air tenperature controller, the air intake device and the
tenperature of the evaporator are controlled via a singl'e central

pr ocessi ng“}glég;“ggo 26. A cl osed -1 oop refri ger antPcapgseem024nc| udi ng
a conpressor, condenser an evaporator and a plurality of
capillary tubes, mhere?ﬁ‘the evaporator includes a plurality
of interconnecting coils and the capillary tubes feed directly
into the evaporator 10 coils and wherein the refrigerant feed from
t he conpressor to t he evapor r via the condenser is a high
pressure feed, and refi geran  feed fromthe evaporator to the

pressure feed fromghe . -.lcondenger -to the evaporator includes a
single feed exitingthe 15 '.jconden$er and the plurality of
capi |l ary tubes entegring the 4 ::"vaporator the single feed
providing the refriger : ‘capillary tubes as a liquid-
and the capillary t Vi - refrigerant to the
evaporator as a gas . bstantially as herein
descri bed wth p: ] - one of the attached

Fi gures. 2

conpressor is a low E?' préssure feed, and wherein the high
!
1
|

VLD

t4]

\$%




