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" Field of the Invention This invention relates to vacuumdistillation
devi ces and specifically, to such devi ces that are conpact and

I ncorporate a refrigerant .cycle and utilize conponents which result in

| ow energy con lL.on. Background - Prior Art The process of
distillation h%@'&‘h@ been in use for the production of HLEPNMt er and

other liquids. The water enters a boiler ghere it is evaporated. The
steam t hen passes through a cooling chanber where it condenses to form

dropl ets of pur & ter t a distillate outlet. Distillation is
the only wat er %@Pﬂ"‘"&igﬁiﬁ'ﬁ %i%%@gg&?%t renoves, wWith certainty any
solids contained in the feedwater. There are a nunber of recognized
di sadvant ages | ' I | S er L1s at 212
F. The first isnﬁf{’]%ﬁ@é‘?g E%rk]g'lsj k%%@@ngﬁnllgtéo '¥S’E§§5 Fx\ggéﬁ% t?/\g‘? and to
renove the excedgevicesitthdtrarm ¢dmpact enchdmanosorate a‘\naftigerantpeysist andilutlhze .

di sadvant age |s Fﬁo}‘g’ﬂgg‘g é&lt%?@@vi @E’%?'gﬁuﬂpﬁ&f‘ws at hi gher

t enper at ur es. case o arge-sca ation systens, a nunber
of sol utions have al ready been devel oped. For instance nultistage
distillation, where sonme of the |atent heat of evaporation is recovered
‘from one distillation stage to provide heat for the next stage. In each
stage the pre@jﬁk'ﬂﬂwm-tﬂrg?f#bre the boiling tenperature drops.

Anot her such solution is the use of a vapor conpression distillation device
that reduces even further the energy requirenents of large scale

distillation  Sinetrraeess|af distijiation heriengskaeprin ¢ise for| they praskictionief dganer i s
evapor at ed by bQigdtérihd other liquids. The water enters a boiler where 1t is evaporated. The '

steam then passes through a cooling chamber where it condenses to form
droplets of pure water that pass to the distillate outlet. Distillation is the only
water purification process that removes, with certainty any solids contained in
the feedwater.

There are a number of recognized disadvantages in the simple distillation

system where water boils at 212 “F. The first is the energy consumption
required to boil the water and to remove the excess heat from the
condensate. Another practical disadvantage is the tendency to scaling that
occurs at higher temperatures. In the case of large-scale distillation systems,
a number of solutions have already been developed. For instance multistage
distillation, where some of the latent heat of evaporation is recovered from
one distillation stage to provide heat for the next stage. In each stage the
pressure and therefore the boiling temperature drops.

Another such solution is the use of a vapor compression distillation device
‘that reduces even further the energy requirements of large scale distillation
systems. In vapor compression distillation, the water is evaporated by boiling
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resulting vapor is then conpressed..shich increases the vapor — pressure
and therefore tenperature. This vapor is then used to heat up the water
in the boiler and in this manner, the latent heat is recovered. Once the
vapor conpression distillation cycle is started, little further heat is
requi red and thg,gHags€nergy requirenent is for t he vaposcTassgusessor
itsel f. In tﬁe case of small scale distillation systens, in the order

of 250 gall ons per day or less, the caplzf costs of multistage
Jdistillation and vapor conpression distill at I on make these alternatives

unaccept abl e. Thug,alde mitlh%%ﬁbﬁls ﬂﬂhsédn‘ldrﬁsbﬁnwﬁiéﬁtlﬁ&éaéb%ethﬁl VEpoP

distillation at at rmspherl ressure and t enper at ur e. The present

i nvention i ncor pcpressske andhibeteéore fMRER@U®y enent s over  conventional sinple

distillation, such as heat recovery using a refrigeration cycle. Also the
present invention creates a vacuum w t hout use of an - exgenm ve nechani cal

punp and conbi nesThlmteammSw’BPm yisectigdieat up theiwater in fhe boil R &hi$ MaRDYS: one
integrated unit. cﬁl‘?leﬁfﬁ Yedovéred! b?.%@utdvaguaédméssioﬁ distiitidnedyclele t

produces hi gh purlt wat er atch process, for i derably
| ess ener gy consmﬁ‘bhﬂ'ﬁl’fﬁfﬂﬁrﬁ\?m isJpaHied andlbe PP'Mtq"SWVrFEF‘HY?H'e“i ’(59 :

anot her advant agenglapgptomprasssaistf.e distillation is the elimnation of
scaling fromthe inpurities that normally exist I n water.
In the case of small scale distillation systems, in the order of 250 gallons per
| day or less, the capital costs of multistage distillation and vapor compression
distillation make these alternatives unacceptable. Thus all small scale
distiliation systems use simple distillation at atmospheric pressure and
temperature.

The present invention incorporates a number of improvements over
~ conventional simple distillation, such as heat recovery us_ing a refrigération
cycle. Also the present invention creates a vacuum without use of an
expensive mechanical pump and combines the normally separate boiler and

condenser into one integrated unit.

The result of these innovations is a system that produces high purity distilled
water in a batch process, for considerably less energy consumption than the
simple distillation method. Also, another advantage of low temperature
distillation is the elimination of scaling from the impurities that normally exist

in water.
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Advant ages of the Invention Accordi ngly, besides the objects and
advant ages of the vacuumdistillation system descri bed in ny patent
above, several objects and advantages of the present invention are:

(a) The main object and advantage of this invention is a novel vacuum
distillation p?"} 88% or the production of high purity wREUSYISMAg | ess
energy than conventional sinple distillgtion systens. (b) Anot her
obj ect and advantage of the present invention is an innovative met hod of
creating a vacuumin the system which elimnates the need for a

mechani cal vacuum punp. (c) Another object and advantage of the present
i nvention is theppg &s@‘nﬂdvahﬁ'#eﬁbfm%ﬂtﬁﬁﬂer ating device to allow the
distillation of water at enperature (d) Anot her object and

advant age of the present invention is the reduction of scaling on the

boi l er and Cond%b%@fdlrywr tb‘ésndééJﬁ\et &jé&?aﬁd)‘éﬁ&an%bé 'of'iheopécﬂﬁmbﬁﬁﬁatmnt hus

elimnating the need descal i agﬁn he use of descal ant chem cal s.
(e) Anot her obj cystem@pssaikagin My tﬁwepﬁé!ﬂ!ﬁ'tml%éﬁﬂlaéhaﬂ@qsmmfse of
| ower - cost Ndrgddnpintertiél ak® t he | ower operating tenperatures of the

devi ce. (f) Another object and advantage of the present invention is
the | ower boiling tenperature nmakes the device safer to handl e and
oper at e. (a) The main object and advantage of this invention is a novel vacuum

distillation process for the production of high purity water, using less energy
than conventional simple distillation systems .

(b} Another object and advantage of the present invention is an innovative
method of creating a vacuum in the system, which eliminates the need for a
mechanical vacuum pump.

(c) Another object and advantage of the present invention is the use of a
heater vacuum generating device to allow the distiliation of water at low
temperature.

(d) Another object and advantage of the present invention is the reduction of
scaling on the boiler and condenser units, due to the lower boiling point used

thus eliminating the need for descaling and the use of descalant chemicals.

(e) Another object and advantage of the present invention is the use of lower-
cost materials due to the lower operating temperatures of the device.

(f) Another object and advantage of the present invention is the lower boiling
temperature makes the device safer to handle and operate.
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PCT/ US96/ 15042 (g) Anot her obj ect and advant age of the present
invention is the conbining of the parpnlly cseparate hojling and
condensi ng functions in a single vessel. (h) Anot her object and
advant age of the present invention is an innovative met hod of using an
enhanced circul ation heat transfer device, which allows a significant
reduction in t Rgoomessal | si ze of the boiler. (i) Anot lrerusdanses and
advant age of the present invention is thegease of I ntegration of the

i nvention into the design of a standard refrigeration system where the
refrigerator's condenser and evaporator conponents can be nmade I nt egral

with the same coppanghbcobjétt bhE a 'tdf”g@-of the pr&¥entinvémivhlid el cOmbiMing dre
Dr awi ngs Figure la is a sketch of a typical stand al one batch process

di still.ation uni the normeilysaparaie,boilingang copdensing functionsdp gisingledesselst and al one

.batch process distillation unit, show ng the various conponents of the

desi gn. Figure 2a is a_schematic of a typical standard househol d ' :
refrigerator shoffryotherpbiechand PBY?"@get‘Pféh%aEﬁsﬁ" pyRItion is,aR MNOMAYE; | | at i on
unit. Fi gur e méthddof usipg'ahi shharided TircuiativhihRat tPdnsfer Bavied) whichCaiows a

distillation unit_ wwth its _ own refrigerant vaé)orator and integrated into
a standard housefigncant Feauction p fiepveralisize of the boiler.

(i) Another object and advantage of the present invention is the ease of
integration of the invention into the design of a standard refrigeration system,
where the refrigerator’s condenser and evaporator components can be made
integral with the same components in the device.

Brief Description of the Drawings
Figure 1a is a sketch of a typical stand alone batch process distillation unit

Figure 1b is a partial cross section of a stand alone batch process distillation
unit, showing the various components of the design.

Figure 2a is a schematic of a typical standard househoid refrigerator showing
the location of the batch process water distillation unit.

Figure 2b is a partial cross section of a batch process distillation unit with its
own refrigerant evaporator and integrated into a standard household

refrigerator.

Figure 2c¢ is a partial cross section of a batch process distillation unit without
its own refrigerant evaporator and integrated into a standard household
refrigerator.
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Figure 2c is a partial cross section of a batch process distillation unit

w t hout its own refrigerant evaporator and integrated into a standard
househol d refrigerator. WO 97/ 10383
PCT/ US96/ 15042 6 Li st of
Ref erence Nuneral s 4 Qut er Cover 6 Support Base 8
- Refrigerator Case 10 - Refrigerant Conpressor 11 El ectrical. Power

Chord 12  “@¥™%orant discharge line, start of wat eFCEUSEME or 14
Ref ri gerant condenser, water evaporator g 16 Ref ri gerat or condenser
shr oud 18 End of water evaporator 20 Radi at or 21 For ced
draft fan 22 Refrigerant pressure reducing device | 24
Ref ri gerant evaporator | and steam condenser 26 End of steam
condenser, start of the heat exchanger 28 Heat exchanger 29
Suction line of refrjigerant conpressor 30 Li qui d supply connector
tube of vapor gtistPh %i'@@“ﬂp’a Heat er el ement of vacuum gener at or
devi ce 34 Vapor separator of vacuum generator device 36 Wat er .
inlet valve 3 ai page valve 40 Distillate collector 42
Distiller vesse? Olndi 57

6 Support Base

8 Refrigerator Case

10 Refrigerant Compressor

11 Electrical Power Chord

12 Refrigerant discharge line, start of water evaporator
14 Refrigerant condenser, water evaporator

16 Refrigerator condenser shroud

18 End of water evaporator

20 Radiator

21 Forced draft fan

22 Refrigerant pressure reducing device |

24 Refrigerant evaporator | and steam condenser

26 End of steam condenser, start of the heat exchanger
28 Heat exchanger

29 Suction line of refrigerant compressor

30 Liquid supply connector tube of vapor generator device
32 Heater element of vacuum generator device

34 Vapor separator of vacuum generator device

36 Water inlet vaive

38 Drainage valve

40 Distillate collector

42 Distiller vessel

43 | Vessel insulator liner

44 Distillate/air outlet valve
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43 Vessel Insulator I|iner 44 Distillate/air outlet val ve

WD 97/ 10883 PCT/ US96/ 15042
7 48 Caonnector tubhe hetvuween digtillor vossel and distillate
reservoir 48 Air Di scharge Vent 50 Distillate reservoir 52
Distillate discharge val ve 54 3-way sol enoi d val ve | 56 3-way
sol enoi d val ve 11 58 Refrigerant pressure reducing device |1 60

Ref ri gerant evapgs &hodss | | 62 3-way sol enoi d val ve || lpcTusesnsoint i c
Description of the Figures Figure la shows a typical enbodi ment of the

I nvention for distillation of wat er. The’embodi ment has a conpr essor
(10), a distiller vessel (42) as shown in Figure 1lb, which conbines a

wat er evaporator 4d4), Gont@etdt{lbe bBINESH Blsller (Easblahd(dkitlats FeseRdlr, 2 Steam
condenser (24) and a distillate col lector (40), in one integrated unit

and a radiator (288 andMBDEFhA9eVeRte reservoir (50). The enbodi nent al so
has a water inletsyal vepitillate redstvoir €l ectri cal power chord (11) and a
distillate dischagge v V@H&Scég and a drai nage valve (38), nmounted on a
support ‘base (6) %hd tH&® chagfyBWPent is encased in an outer cover
(4). Fi gur e 164 shoveway sisléridid &ivevi ew of a stand al one distillation unit
whi ch has an oufer netal or plastic distiller vessel (42), with a

insul ator |iner (2%); t:-’ﬁ\!ays‘ﬂ?’gl"?ﬁ lyessel contains a vacuum generati ng

device, made up 0$8a CRufigErant pressurdeedutiNg devicedat er el ement (32), and a
vapor separator (étfl)' _ Refrigerant evaporator Il

62 3-way solenoid valve I

Static Description of the Figures

Figure 1a shows a typical embediment of the invention for distillation of
water. The embodiment has a compressor (10), a distiller vessel (42) as
shown in Figure 1b, which combines a water evaporator (14), a vacuum
generator device (30) to (34), a steam condenser (24) and a distillate
collector (40), in one integrated unit and a radiator {20) énd a distillate
reservoir (50). The embodiment also has a water inlet valve (36), an
electrical power chord (11) and a distillate discharge valve (52) and a
drainage valve (38), mounted on a support base (6) and the whole
embodiment is encased in an outer cover (4).

Figure 1b shows a detailed view of a stand alone distillation unit which has
an outer metal or plastic distiller vesse! (42), with a insulator liner (43); the

distiller vessel contains a vacuum generating device, made up of a connector
tube (30), a heater element (32), and a vapor separator (34).
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vessel (42) also contains a refrigerant condenser coil (14), a
refrigerant condenser coil shroud (16), a heat exchanger (28) and a
refrigerant evaporator (24) and a water distillate collector (40). . On
the outside of the distiller vessel (42) is attached a water inlet valve
(36), a dist™MO%HWB3i r outlet val ve (44) and a drai nagePQrASAa543g)
Connected to the distiller vessel (42) gs a refrigerant conpressor (10),
a radiator(20) that i ncludes a refrigerant pressure reduci ng device |
(22). The radi ator .Zogomay i nclude a forced draft fan (21). The
distillate reser\n fistilsnyvessphi43) alsns centaing | reftigprant sensdansss spiirid)y 48) at t he

top and a disti |r’eﬁfg€raﬂt Sonadérier \&hvghr&i?)(w)l % m&n%ﬁ&ﬁﬂgéro(édjeaﬁh giller
vessel (42), by connector tube (46). I gure 2a Shows a schematic of

a typical enbodl"ﬁﬁ e\taeera.mré%@mdaww&'ﬂﬂwﬂcoﬂeﬁpé@%t ed into a standard

househol d refrigerator. The schematic shows a distiller vessel (42),
whi ch conbi nes a_wat er eva or at.or vacuum ener at i ng deV| ce (30)

to (34), a stearPtHieAutqs M?“t“'Q'(Yﬂs%?'l(ﬂ)éﬁ Q4R Vater ipfet valyg (36}, a0 at
?igyanger g 28) acnsimgte;airramdt Gélfél (44) anaraedramhgmgg?(baymcome@wt&m‘eormressor
a radi ator illate reservoir ' ri gerant

evaporat or 11( 6(53'&%5') Veq_spg&% i5A refggerant 8%‘?%[?4586 { &e\ﬁ FAdiator E){[QJ ‘?‘3’ Cross
section of a di Shélldestd mngmnt pres!MrE Feduicing @evice P(22). OFtieratiiafdr 420)midyor and
integrated into .a s anﬁ’ E ‘I%QQ% refrigerator. Details of the
distillation uni%c scribed in Figure 1b above, except for
the addition of three 3- vvay vaI ves (54), (56) and (62) and a refrigerant
Fﬂ?gggj r e reduci e&é’thlgt% rese olr 250) W |cher$atseadsr¥18I air Sischa['g%f \5en9?4{8§ at the g/aporator

top and a distillate discharge valve (52), is connected to the distiller vessel

(42), by a connector tube (46). '

Figure 2a shows a schematic of a typical embodiment of the present
invention, integrated into a standard household refrigerator. The schematic
shows a distiller vessel (42), which combineé a water evaporator (14), a
vacuum generating device (30) to (34), a steam condenser (24), a distillate
collector (40), a heat exchanger (28) and a shroud (16), in one integrated unit
and a compressor (10), a radiator (20), a distillate reservoir (50) and a
refrigerant evaporator !l (60).

Figure 2b shows a detailed view of a partial cross section of a distillation unit
with its own refrigerant evaporator and integrated into a standard household
refrigerator. Details of the distillation unit is the same as described in Figure
1b above, except for the addition of three 3-way valves (54), (56) and (62)
and a refrigerant pressure reducing device Il (58), connected to the
refrigerant evaporator 1l (60).
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partlal crass section of a distillaotion Lnit oo dnccﬁlbed!n F: gure 1b
above except without its own refrigerant evaporator | (24), refrigerant
pressure reducing device I (22), tw 3-way val ves (56) and (62), and a heat
.exchanger (28), integrated into a standard household refrigerator the sane
as descri bed i nwbegissdd 2b above. - Expl anati on of how t heeThusssasds2 on Wor ks
or QOperates In order to explain the opgration of the systemwe wll :
descri be the stand- al one version and the integrated versions in the
foll ow ng sections. 1. Stand-Alone Distillation System The basic
principle in the gigpe2eesa partiacréisWettich ¢tiasdistiihifin Uit asidesctibell aPiguresy st em
is to boil water in the bottomof the vacuum c ntainerﬁﬁﬁ? egﬁﬁate st eam
u 0

whi ch t.hen passedbt@poye Qxgers without, its .oyn teffjgerant [qyapqralo PE  The
steamis -then congdaraRtettcist aévidd 1qE2) /e 8-wa} Vaives (58pand (88)sand & Akaton

' h in.d | f e 1b. .the i '
e “divi ded | nt GENADOR 2B N RGTeRREIoS® SYEPRE TP orSRrt P ARt | g

distillate Pr 0Ge eddibed ifFigure2blabaves di schar gi ng. 1.1 Water
Filling: Since the invention involves a batch process the first step
i nvolves the filling of the distiller vessel (42) with water. To

acconpl i sh this, Explanationof howthe IrivehtioreWurks ovOperatesal ve (44) and water
inlet valve (36) and cl ose drai nage val ve (38). Ensure that conpressor
(10) and heater elenent (32) are turned off. Fill up distiller vessel
(42) with treat edn ordeeto ielkplainghe wpbratior{ 863heusysien we will describe the stand-

alone version and the integrated versions in the following sections.
1. Stand-Alone Distillation System -

The basic principle in the proposed batch process distillation stand-alone
system is to boil water in the bottom of the vacuum container to generate
steam which then passes to a condenser at the top of the vacuum container.
The steam is then condensed to distilled water. The proposed distillation
system is shown in detail, in figure 1b. The process of the invention can be
divided into the following phases: water filling, vacuum generating, distillate
producing, and distillate discharging.

1.1 Water Filling :
Since the invention involves a batch process the first step involves the filling
of the distiller vessel (42) with water. To accomplish this, first open
distillate/air outlet vaive (44) and water inlet valve (36) and close drainage

valve (38). Ensure that compressor (10) and heater element (32) are turned
off. Fill up distiller vessel (42) with treated water through valve (36) until
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above the vacuum generator heater elenent (32), then, close water inlet
val ve (36). The system has now been charged with water. 1.2
Vacuum Cener ati ng: The follow ng method of creating a vacuum repl aces
the need for an ensi ve vacuum punp and is based on a sinple heating
devi ce whi ch WBH@F“&‘Bes as follows: Turn on heater el enefCTUSIHISHY generat e

steam while the water is continuouslysgupplied to the heater cavity,
from connector tube (30). The steam generated by the heater element (32)
al so heats the refrigerant vapor inside the refrigerant evaporator (24)
to a superheat ed'qudéﬁ\SR?@ abayedhe vacuupm gensraterheatanelament (32), thenrdloser ant, t he

heat exchanger (v?étier inle¥\rdive (36f1 U s&&@mﬂé@%@%@&ﬁ&a‘%ﬁ‘é& Wnﬂﬁl} tenperature

sufficiently, to allow the vacuum cycl e to proceed e vapor
generated by heater elenent (32) is pushed out along with the air
initially trapped in distiller vessel (42), through distillate/air outlet.
val ve (44), connect or tube (46), and distillate reservoir (50) and is
finally rel eased frof?Vacyum ﬂ‘ﬂ’?ﬁ"‘% scharge vent (48) of distillate
reservoir (50). Sone vapor will be condensed in distillate reservoir (50)
when sonme cold distillate exists. The inside of distiller vessel (42)

is lined with a (hesfAllawie method ofsgpating Acyasuum repjaces: dhRid1eed: PHAMof st eam

on its surface véxpemsiviPvadliufmi plimp 2Ad Sé @ased 6@ sim| !eStE&aﬁﬁ? ‘H@vidé whidhom t he
vessel . The steam gener at ed by heat er el enent & di | ute the air in

di stiller vesselOReraS§s anfalipws; Tum op heatpralement d32)itn gepeyate-siparm. wh
eventual |y fill afe dafpss o&lﬂi‘nhé@l;b/s plidt ﬁttﬁémbatxh&ﬂnt? fdnh bbﬁe%(o?'ldbeOUt | et
val ve (44) is closed and heater ement (32) is turped o
(30). The steam generated by the heater element (32) also heats the
refrigerant vapor inside the refrigerant evaporator (24) to a superheated
state. In order to cool the superheated refrigerant, the heat exchanger (28)
will reduce the superheated refrigerant temperature sufficiently, to allow the

vacuum cycle to proceed.

The vapor generated by heater element (32) is pushed out along with the air
initially trapped in distiller vessel (42), through distillatefair outlet valve (44),
connector tube (46), and distillate reservoir (50) and is finally released from
the top air discharge vent (48) of distillate reservoir (50). Some vapor will be
condensed in distillate reservoir (50) when some cold distillate exists.

The inside of distiller vessel {(42) is lined with a insulator liner (43) to reduce
the condensation of steam on its surface which would stop the steam from
displacing air from the vessel. The steam generated by heater element (32)
will dilute the air in distiller vessel (42) until after a few minutes, the container
is eventually filled almost entirely with steam. Then distillate/air outlet valve
(44) is closed and heater element (32) is turned off.
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PCT/ US96/ 15042 11 Fromthis point on, the pressure in the
d| St| I | er Vessel (42) \Ml | _cor rF\Q:nnnd i a¥ tho ctoomt nﬁpnr at-Ure- ¥\hen the
refrigerant conpressor (10) is turned on, steam pressure in the distiller
vessel (42) will drop down with steam tenperature, thus achieving the
vacuum condi ti on during operation of the device. This device will produce
vacuum condi t i omsemness he range of (27- 29) "Hg. Thi s occRFHUBEEHH4L hough
the incom ng water has not been degassed. 1.3 Distillate
Pr oduci ng The process of distillate pl’bduct lon in a stand-al one device
Is presented in two parts as follows 1.3.1 Water evaporating

and refrigerant dpgreis poigt emdhe pressure in thelisdillést veasal (42) vlhsorragpomdito
refrigerant evapqrating. Thes ' ' L.k At he
fol | owing subse C?}i\%ﬁtg_arﬂ temperature. {vhsh %g%&@eﬁ‘s&f’@'@g@%gé‘?ﬁ% ?‘ﬁée% ﬁta.
refrigerant condaetemm@ressurelire theo rdistillars vessell (42)i willndropt dowre withn steah t he

super heated refriger Y . I S.C 10). The
el i gorant superfORPaNTS) A acnbuing s WaLHR Coniigh Wi BERERE of e
refrigerant condelevice. This)devichiwilh preduge tvaigeum copditionsxincthei 18nge 06 t2{he poi nt
(12) to point (18hw L 4 ; | bedéHagbgled into
two portions. Th%b% B%hggér E’%hg?feﬂﬁ%ﬁgg}ﬁ%msﬁl gdeagﬁiﬁg% éala\régi de the
cylindrical portion of shroud (16) and the bottom portion of the coil

(14) is covered by the disk-shaped portion of shroud (16). The batch of

wat er I's heated by the refrigerant under vacuum conditi ons.
1.3 Distillate Producing

The process of distillate production in a stand-alone device is presented in
two parts as follows

1.3.1 Water evaporating and refrigerant condensing and
1.3.2 Steam condensing and refrigerant evaporating.

These are both described in detail in the following subsections.
1.3.1 Water evipotating and refrigerant condensing

The compressor (10) is now turned on and the superheated refrigerant vapor
is discharged from the compressor (10). The refrigerant superheated vapor
is routed to the top portion of the refrigerant condenser (14), which is a tube
coil extending from the point (12) to point (18). The refrigerant condenser coil
(14) is divided into two portions. The top portion of the coil (14) is contained
inside the cylindrical portion of shroud (16) and the bottom portion of the coil
(14) is covered by the disk-shaped portion of shroud {16). The batch of water
is heated by the refrigerant {.mder vacuum conditions.
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PCT/ US96/ 15042 12 The wat er
is preheated at the bottom portion of the refrigerant condenser (14) and
continues to heat up to the top portion of the condenser (14). Water that
Is 1-2 inches bel ow the water |evel, reaches a superheated condition and

creates a stea‘ry {’ m xture. The steanfwater m xture bﬁ& ol t_from

i nside of the 8\3%{)"(5 tion of the shroud (16) and hits th 38{’ °§’éparator
(34). The steamrises through the vappr separator (34) to the
refrigerant evaporator | (24), while the water falls down to the outside
of the shroud (16). Due to the density difference between steam and

liquid, the water outside the top of the cylindrical portion of shroud
(16) is forced dowmwards and then feeds under the bottom plate portion of

‘the shroud (16) then r | de, .Of lindrical part of
the shroud (16) ﬂfﬁ'@”éﬁﬁ??h&éad E&PEEP%‘{“P B?faﬂégft‘he re%rfgg 8?“‘@9%’0(% ¥ ai ses
t he \(I:Vﬁn?/ect i (ﬁn far?tcohﬂm&si:ehedwp\tem tbﬁlpormrt ofithercshdehser (14)efWat8€thﬁnt
Meanwhi | e, the refr

e an ontin dense | o or ratio
state by the wat%r esf hﬁ"”ga BV ﬁ’ﬂt t%ﬁuﬁegwﬁ?im#l "tdhen
routed to the drﬁaiesata)steéﬁmb'atanmmat lmcmadn)lwatandﬁmmswrﬁs @ut frami d st at e.
1.3.2 Steam cond fr . The refrige t now
fl ows through t H'ig](?ee&%ég@f’ &R '°B§£@'§ %%é’e'ﬁé@ ﬂa'tscfge VT pepar E;ﬁ?‘e. g.
expansion valve or capillary tube), into the refrigerant evaporator |

(24). The liquid,re er r r I g_lrl
- expansi on pr ogrehssfs{fra]g' trﬁgé r%&%e@é Yaepgg eﬁé@“’g {%‘3?\/ t\Y?a :)é r&ﬂﬁ'ﬂ" sat ur at ed
m xture. evaporator | {24), while the water falls down to the outside of the shroud (16).
Due to the density difference between steam and liquid, the water outside the
top of the cylindrical portion of shroud (16) is forced downwards and then
feeds under the bottom plate portion of the shroud (16) and then rises up the
inside of the cylindrical part of the shroud (16). This enhanced circulation heat
transfer device raises the convection heat transfer between the water and the
refrigerant.

Meanwhile, the refrigerant is continuously condensed to a low vapor ratio
state by the water. The low vapor ratio saturated refrigerant is then routed to
the radiator (20) and continuously condenses to a liquid state.

1.3.2 Steam condensingirefrigerant evaporating
The refrigerant now flows through the refrigerant pressure reducing device |
(22) (e.g. expansion vaive or capiltary tube), into the refrigerant evaporator |

(24). The liquid refrigerant temperature drops markedly during the expansion
process and the refrigerant becomes a low vapor ratio saturated mixture.
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PCT/ US96/ 15042 13 The
refrigerant evaparating tepperature is . selected ahove 32 F for water to
prevent freezing. The refri gerant i nside the refrigerant evaporator I (24),
absorbs energy fromthe steamand the refrigerant evaporator | (24) acts as
an evaporating tube to evaporate the refrigerant. Meanwhi | e, the steam
rel eases ener gywaeshesed condensed on the outside of the rRfrusomsant
evaporator | (24) which acts as a condenser for the steamin t he
distiller vessel (42). The condensate fal|® down to the distillate

col |l ector (40). The refrigerant routes into the heat exchanger (28) which

extends. Trom . oo Bao fabSBuh el K B985 el

form ., The refprévpet freézihg aVihegrefrigerant irsidexibh aefjgerati 8Yapopaters b £24), h rough
th ti I
process occurs.  PRED kel o B WelE A vt ehooral GreboRicn T IROBRE & s c i ge

| i ne to'the refriageavaparatingtobel traveporgtethe refligeragiby conpl eti ng t he vapor
conpression refrigeration cycle.. The above refrigeration cycle can
al so be replaced by an absorption refrigeration cycle. The absorption

refrigeration cydeaniwpilejithé stean releases enargy and jsosondensedexrstheroutside ofger at i on
cycle as it usesy @%@h&@?@aﬂ:ﬁkfﬁ%ﬂh acts”é’scé‘@&\cfeﬁéeﬁ&e{hg%téa% feke a
n S necessa

change in the co o ‘conpl ete are geratlonccle
The use of a ref theydistiler vessel/ @2y haammiensatpms dowa e the digtillatesesliestor he

ratio of the a n rator
(24) divided b hie-hée)ﬁeé dé r?x%lfféﬁ ;Ee re r |J}§ ﬁ{ss g@%}g@gggﬁ?@
creating a  si gmpm @8 to menlgyofstaemgpmw (t@nﬁ&r@mwtdpayimﬁhe heat
distillation sysigfianger should be in single-phase vapor form.

The refrigerant leaving the h_eat exchanger (28), passes through the suction
line (29) to the compressor (10). Here the compression process occurs. The
‘high-pressure vapor then passes through the discharge line to the refrigerant
condenser (14), thereby completing the vapor compression refrigeration
cycle.

The above refrigeration cycle can also be repla_cad by an absorption
refrigeration cycie. The absorption refrigeration cycle is different from the
vapor compression refrigeration cycle as it uses thermal energy instead of
mechanical energy to make a change in the conditions necessary to complete
a refrigeration cycle.

The use of a refrigeration cycle 'ci'eates a performance increase by the ratio
of the amount of energy released from the refrigerant evaporator | (24)

divided by the energy input to the refrigerant compressor (10), thus creating a
significant energy saving when compared to a simple distillation system.
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PCT/ US96/ 15042 14 The distilled .
wat er production is continuous fromthe above described water distillation
| oop until the distillate collector (40) is filled.

1.4 Distillate D scharging The next part of the batch distillation
process is discharge of the distillate from the collector into an externa
reservoir. Fir¥Q%¥¥83 drai nage val ve (38) which allows ZXCIUSI¥M er t he
system and break the vacuum The distillage outlet valve (44) is now
opened and the distillate is discharged by gravity to the distillate
reservoir (50). The next cycle will restart at this point. 2.
Distillation Syhe distilledrwatey produrtion is: epntipuousifrardthe @bovspdesstibrdiwater

~Refrigerator. distﬂ%ﬁét?lo@ﬁﬁnﬁl%&?ﬁ&ﬁc?ﬁd%(o??iﬁ?%fmg@om ments, for integration
h re ‘

of the invention 1nto a househo rigerator as described in sections
2.1 and 2.2 bel ow 2.1 Water Distillation Device with Refrigerant
Evapor at or This systemis conposed of two | oops, one is the water
distillation loop and the other is the refrigeration |oop. In the case of
the water distillation loop it is the sane as described in section 1.3
above. In the second case the refrigeration loop is controlled by neans of

three 3-way val ves (54), S56) and
1.4 Distillate Discharging

The next part of the batch distillation process is discharge of the distillate from
the coliector into an external reservoir. First open drainage valve (38) which
allows air to enter the system and break the vacuum. The distillate outlet
valve (44) is now opened and the distillate is discharged by gravity to the
distillate reservoir (50). The next cycle will restart at this point.

2. Distillation System Integrated into a Standard Household
Refrigerator.

There are two basic preferr_ed embodiments, for integration of the invention
into a household refrigerator as described in sections 2.1 and 2.2 below.

2.1 Water Distillation Device with Refrigerant Evaporator

This system is composed of two loops, one is the water distillation loop and
the other is the refrigeration loop. In the case of the water distillation loop it is
the same as described in section 1.3 above. In the second case the
refrigeration loop is controlled by means of three 3-way valves (54), (56} and
(62). Thus the refrigerant leaving the compressor (10) to the radiator (20)
and through the refrigerant pressure reducing device Il (58) enters the
refrigerator evaporator If (60) to complete the refrigeration cycle.
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(62). Thus the refrigerant |eaving the conpressor (10) to the radi ator (20)
and through the refrigerant pressure reducing device Il (58) enters the
refri_gerataor F‘\/F)!’]OJ"_HT or 11 Qﬁn) iila) f‘ﬁl’q’_ﬂ ot o t ho Lnfrignratinn C\ch!n_

WD 97/ 10883

PCT/ US96/ 15042 15 2.2
Water Distillation Device without a Refrigerant Evaporator. Thi s

enbodi nent is WhgeHgaEs as that described in detail in sectpcpissensoambove
except the refrigerant evaporator 1(24) ii deleted and the refrigerant is
routed into the refrigerator evaporator 1 (60) and the top of the
distiller vessel (42) acts as the steam condenser when it is cool ed by
cold air supplied fromthe refrigerator evaporat or 11(60). Summary,
Ram fications and Scope Accordingly, the reader. will see that the
conpact. vacuum di st i R2\Vatar QQ%‘UI’&'B“gﬁ“’“’@r\’?‘ﬁ!“!“ﬁ?éﬂ?’ﬁ@ﬂ‘ﬂhﬁ"%’ﬁ@éd to
produce distilled water with significantly reduced energy consunpti on when
conpared- with sinple distillation systens. The QEFCt vacuum di stillation

system-has the aHhis embadimentiis e sams as that ggscribed ind il in section 21850¥8 s t he

reduction of eneé:&!pﬁﬁél?é#ﬁ&érﬂ%v&ﬁbrétéﬁﬁ(ﬂﬁé‘ﬂel@@ﬁaﬁ@)ﬂérefn erant is@butéd Np!l e
distillation systens. he size of (gcuu jstillation system

i s reduced due’ tiptorthe refrigerator 986‘??5?‘9’ %@%fanéﬁ'ae W&t t‘h%g]'é'ﬂw yessel 42 st eam

condenser into Ogds as the stea:ﬁ%aﬁdansarwhéﬁieusg@aﬁawoam aif suppliedresd taenvect i on

by use of a shroud I n the water evaporator.
_ refrigerator evaporator Il (60).

Summary, Ramifications and Scope

Accordingly, the reader will see that the compact vacuum distillation device of
this invention can be used to produce distilled water with significantly reduced
energy consumption when compared with simple distillation systems. The
compact vacuum distillation system has the additional advantages in that:

- it permits the reduction of energy consumption to less than (25-50)%
of simple distillation systems

- the size of the vacuum distillation system is reduced due to the
combining of the water evaporator and steam condenser into one
vessel and the generation of enhanced convection by use of a shroud
in the water evaporator.

- it utilizes a device for creation of a vacuum without the use ofa
vacuum pump, thus allowing use of a refrigeration cycle as a heating
source for producing steam.
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- it utilizes a device for creation of a vacuum w thout the use of a
vacuum punp, thus allow ng use of a refrigeration cycle as a heating

source for producing steam WO 97/ 10883

PCT/ US96/ 15042 ' 16 - the
use of the heater vacuum generating device reduces the overall si ze
of the unit. - it reduces the formation of scaling due to the

| ower boi | i ng WO9710883 { epnperature thus elimnating the nBEHUPEISMIescal i ng
or the use of descal ant chemi cal ¢ - the design is easily
integrated into a conventional refrigerator where therefrigerator's
condensi ng and evaporating conponents can be made integral with
same conponents in tthe usef the heater vacuum generatingdiavicageduses thesveralll ower - cost
materi al s due to thgizb ¥ @k unit - tenperatures used. - it makes
the device inherently nore safe too use and operate due to t he

| ower boiling tenperature created by the vacuum Wi | e the above

descri ption contai nsj fgiute$i8Formation biiealigded fo the Jwer bbifhg P& construed as
limtations on the scope of the Invention, but rather as —an

exenplification of HRPeFmturethvseeliminaling thedieed fof descsling or thesssofot her
vari ati ons are possybi@lantéHenfieaisIP! €, the vessel can have nmany ot her
vol unetric shapes such as oval, circular, square, etc. and the liquid to

- the design is easily integrated into a conventional refrigerator where
therefrigerator's condensing and evaporating components can be
made integral with same components in the device.

-it allowé the use of lower-cost materials due to the lower
temperatures used.

- it makes the device inherently more safe too use and operate due to
the lower boiling temperature created by the vacuum.

While the above description contains many specificities, these shouid not be
construed as limitations on the scope of the invention, but rather as an
exempiification of one preferred embodiment thereof.

Many other variations are possible. For example, the vessel can have many
other volumetric shapes such as oval, circular, square, etc. and the liquid to
be distilled can be other than water such as ethylene glycol, sea water, etc.
Accordingly the scope of the invention should be determined not by the

embodiments illustrated but by the appended claims and their legal
equivalents.
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be distill H“Immll})ﬂlﬁullﬂaliu!lhan wat er such as ethylene glycol, sea water,
etc. ¢ ngly

Accer pe of the invention should be determ ned not by
the _enbodinents illustrated but hy the apnended clains and their |egal
equi val ent s. WO 97/ 10883
PCT/ US96/ 15042 17 Cl ai nms
W claim 1. A nmethod of vacuumdistillation that conprises of
generating a Vagesfibsss t hroughout the system and i ncor por ®cr/ospeasos2
refrigeration cycle where the heat fromthe hot side of the
refrigeration cycle is used to evaporate the liquid to be distilled in
vapor formin the vacuum system and the cold side of the refrigeration
cycle is used togigmgense said vapor back into liquid form 2. A
nmet hod of generating vacuum by heat where heat is used to vaporize a
smal |l quantity of liquid, such that the vapor drives out the air in the
distillation WaSdtéim, and the vessel pressure will dimnish once sone of
t he vapor condenses back into |iquid. 3. Anethod for distilling a
| i quid-conprised of introducing the liquid to be distilled, pushing air
O:Jt _of 2a distiller A}&S&F@dl of gaaﬂmheiaﬁlaﬁon/mugmmdratdeneaﬁng aBiakah ?s in
claim 2, causing_sai i guid to evaporate and condense » s.of a
refrigeration cylyeughout the systom anfd incorpopatiag a(fﬁﬁ'ﬂ%’ﬁﬁ?m@mg%w R’%ﬁiﬁﬁmvapor by
using the col d siéf thé heldide of theeéffipdratici ¢yel i§ YSédto evaporate the fiquid to

' be distilled in vapor form in the vacuum system and the cold side of the

refrigeration cycle is used to condense said vapor back into liquid form.

2. A method of generating vacuum by heat where heat is used to vaporize a
small quantity of liquid, such that the vapor drives out the air in the distillation
vessel and the vessel pressure will diminish once some of the vapor
condenses back into liquid.

3. A method for distilling a liquid comprised of introducing the liquid to be
distilied, pushing air out of a distiller vessel, by a heater vacuum generating
method, as in claim 2, causing said liquid to evaporate and condense by
means of a refrigeration cycle. '

4_As in claim 3, condensing said liquid vapor by using the cold side of said
refrigeration cycle.

5. As in claim 1, where the refrigeration cycle is composed of a vapor
compression refrigeration cycle.

6. As in claim 1, where the refrigeration cycle is an absorption refrigeration

cycle.
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5. Asstn claim1, where the refrigeration cycle is conposed of a vapor

conpr eqsi IEn cycl e. 6. As in claim1, where the

refri géﬂlﬂmmul“ﬁun:ﬂu h absorption refrigeration cycl e. WO
97/10883 ¢ - " % * PCT/ US96/ 15042
18 The d ains (Continued) 7. As inclainms 1 and 2 where a heat

exchanger. is inserted between the refrigerant evaporator_and the
conpressor to MONMBe refrigerant during the heater vIEAMTYEHErating

phase. 8. As in claiml, wherein a hqgt source is used to enhance
circulation of the liquid to be distilled, so as to enhance the heat
transfer between the heater and the liquid without the need of a

mechani cal punp, resulting in a reduction in size and increase in heat
transfer efficiency of the overall system 9. As in claim8, wherein a

shroud is used tQ s&&arate the hot and cold part of the Iiquid being
distilled so thatheGlaims{Genlinued} | ows underneath the shroud and the hot
part flows to the top of the shroud. 10. As in claiml1, where said

liquid is water containin t her. subst ances apd roduci ng distilled
wa? er. 7C As % claim% ? and 2 wHere a heat excﬂanger ?s inserted een the

refrigerant evaporator and the compressor to cool the refrigerant during the
heater vacuum generating phase.

8. As in claim 1, wherein a heat source is used to enhance circulation of the
liquid to be distilled, so as to enhance the heat transfer between the heater
and the liquid without the need of a mechanical pump, resulting in a reduction
in size and increase in heat transfer efficiency of the overall system.

8. As in claim 8, wherein a shroud is used to separate the hot and cold part of
the liquid being distilled so that the cold part flows underneath the shroud and
the hot part flows to the top of the shroud.

10. As in claim 1, where said liquid is water containing other substances and
producing distilled water.

11. As in claim 3, where said iiquid is water containing other substances and
producing distilled water.

12. As in claim 1, where the method of producing distilled water is combined
with a refrigerator so that the same compressor can function in both

distillation and refrigeration loops to keep the refrigerator cooled and to
generate distilled water.
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11. As in cl aHlIlIg mmmw!lwl“l l'iquid | s wat er contai ni ng ot her substances
and :

produci ng ai sti As in claim1l1, where the nethod of
prodwwﬁwmm%mmge%@%t -t he
same conpressor can function in both distillation and refrigeration | oops
to keep the refrigerator cooled and to generate distilled water.
WD 97/ 10883
PCT/ US96/ 15042 wo 97110883 19 pcritSesnd@z i n claim
1, the distillation nethod utilizes vapor evaporating fromthe hot side
of the distillation cycle and said vapor bndenses on the col d side of
the refrigeration cycle in the sane chanber, w thout passing through a

connecting tube. 43 Aslif cnéim hes bigilEtion mielhed Siizds Wbt evapGrating rorh e Of
gl ycol, water, salt and other contam nants and the distilled liquid is

conposed of di st ihot gide gf thestistiliation cyelp apd spid yapg(icepdenses on Hie e %?'%Sf al one

vacuum di sti | | at iteé refpigérator tpéle I AR FaMmat Efantber,Civithdif pdietig throtyie|£ and
uses a vacuumdistillation nmethod wthout a mechani cal vacuum punp to

produce distill efonRgdPIibe, o oduct . 16. A stand-al one batch vacuum
distillation devi ce for distilling li qui d, conprised of a heater vacuum
generati ng devi c ener I essu evi

distiller vessel ! E'ﬁ'"éi %‘egﬂ‘ﬁ adF xre P{eangwa?foﬁﬁ ‘g?thfﬁbe
connect ed bet Weeﬁ:oﬁﬁhﬁhéﬂltsshhﬂhbé disnﬂedalhqmds aoffipesed bAidistilled glyesivand and a
refrigeration unlcﬁ 17. The device of claim 16, where said
refrigeration uni s‘l&%"e‘g‘*‘af vapor

15. A stand-alone vacuum distillation device that incorporates a refrigeration
cycle and uses a vacuum distillation method without a mechanical vacuum
pump to produce distilled water as a product.

16. A stand-alone batch vacuum distillation device for distilling liquid,
comprised of a heater vacuum generating device for generating vacuum
pressure in said device, a distiller vessel in which said liquid is distilled, a
connecfor tube connected between said distiller vessel and a distillate
reservoir and a refrigeration unit.

17. The device of claim 16, where said refrigeration unit uses a vapor
compression refrigeration cycle.

18. The device of claim 16, where said refrigeration unit uses an absorption
refrigeration cycle.

19. The device of claim 16, wherein said heater vacuum generating device is

comprised of a liquid supply connector tube, a heater element, a container
for said heater element, and a vapor separator.
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uses an absorption refrigeration cycle. 19. The
wherein said heater vacuum generating device is
corrprl Sed of a I|qU| d supply connector tube, a heater elenent, a container
for said heater elenent, and a vapor separator. WO 97/ 10883
PCT/ US96/ 15042 20 20. The device
of claim16 W¥R¥M8leat exchanger is added between t he PCTEPEIPLr ant
evaporator | and the suction line fromtpg refrigerant conpressor whi ch
cools the refrigerant during the heater vacuum generating phase. 21.
The device of claim 16, wherein said heater vacuum generating device is
| ocated at the @@ritherdeyicesofi qlaimi 16 wherera heat sxchanger isseddnd between thet t om of

said  disti| | ojgfrigplr ShiratbP Bdind!shid e P6lroigEANDEINGEL N | 1 qui d

and the vapor. e device o alrm 16, wheré&in sal eater vacuum
generating devi I’!B'ch§°°|3m¢s!‘§1"§9féﬂt during thecheatgr waquiiy gesersking phase, 16, wher ei n
sai d enhanced circul ati on heat transfer device is conprised of said
shroud and said refrigerant condenser. 24. The devi ce of cl aim 16,
wherei n said di 31iThedevige gtelaim 46, whasein said heateavawv@fqengeh%@ewnaenser a

shlr f’“d; a vapor joe4ed afiHe' cenfer 'of bail Gistifist veSsei BAd Rl ové the bétsh 8f shigt i | | ate
coll ector.

distillate collector to minimize the contact area between the liquid and the

vapaor,

Tresm o b"t ration cycle. 18. The device of claim 16, where said

22. The device of claim 16, wherein said heater vacuum generating device is
insulated.

23. The device of claim 16, wherein said enhanced circulation heat transfer
device is comprised of said shroud and said refrigerant condenser.

24. The device of claim 16, wherein said distiller vessel is comprised of a
refrigerant condenser, a shroud, a vapor separator, a refrigerant evaporator i,
and a distillate collector.

25. As in ciaim 23, wherein said enhanced circulation heat transfer device
consists of an additional heat source.

26. The device of claim 16, wherein said connector tube between said distiller
vessel and said distillate reservoir is extended to the bottom of said distillate
reservoir for condensing liquid vapor discharging from said distiller vessel
during the vacuum generating phase.

/
27. The device of claim 16, wherein said distillate reservoir includes an air
discharge vent and a distillate discharge valve.
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25 As i l“‘“&l““{lﬁ'“‘“ﬂ“" n sai d enhanced circul ati on heat f'r ansfer device

tson heat source. 26. The device of claim 16,

Meremam_muwum_bmwmme;_iess&md_smj_
distillate reservoir is extended to the bottomof said distillate
reservoir for condensing liquid vapor discharging fromsaid distiller

vessel during the vacuum generati ng phase. 27. The device of claim
16, wherein sai qwﬂ;.,;,;,g,gl ate reservoir includes an air di pehiosegeseeent and
a distillate discharge val ve. WD 97/ 10883

PCT/ US96/ 15042 21 21 28. The

devi ce of claim 16, which also includes an automatic control system for
water filling, vacuum generating, distillate producing and distillate

di schar gi ng phases. 29. As in claim 16, wherein the distillation device

is integrated int@8aThs davikercf clain dG.owhich ajso intlutdesam @agtomatic coml systemn cl ai m
29, where said wager . dist t e C Liae b il 2 r er ant
evaporator 1. ¥ ‘”Q{@ hluj'ggl E%U%Q\ébﬁﬁa &e]u ht%/a?redr%‘é‘ﬁgt|arI' ac?;lt‘g%tgdew ce
is without said disciargipg phasesevaporator |. END
OF CLAI M5 SECTI ON

29. As in claim 16, wherein the distillation device is integrated into a standard
household refrigerator.

30. As in claim 29, where said water distillation device is combined with a
refrigerant svaporator ).

31. As in claim 29, where said water distillation device is without said

refrigerant evaporator |.
END OF CLAIMS SECTION
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