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SYSTEM BACKGROUND OF THE I NVENTION 1. Field of the Invention: €” pr ezrl}{]
invention relates to a saline and sewage water reclanmation system and
process using an extrenely efficient vapor conpres sior/vacuumdistil ion
cycl e. y},%ggothe system and process has its great espcisgsprd7idy  sal twat er
or contam nated water, it also can be used to reclaimother fluids or to
renove toxic wastes fromBids. 2 State of the Art: Distillation is a common
met hod known to renove un ted substances froma contam nated water supply
or to renove salt frombrine. The process occurs by a selective phase
change between the differing vapor pressures of the contam nants and the

wat er vapor. PhasSaciNE/SEWASE WATER RECDAMABORISYSIEMhe proc- ess. by which
rai nwat er has been recycled continuously since water first appeared on
ear t h BATWGROUND OF THEINVENTIONdIi es are open systenms. Consequently, the bal ance

of differ- | NG xAOGe BLEROH fi% HEINFRJeids Watbet eaiheand sbitggdll Mospher o

and the heal at1on actln? on the water body affects the

aimoun watdr reciapaliontsysiem Bnd pracess Vsing anexienpiueiicientyaperoompresr essur es unl ess

the h ' ' tﬂ“;'?,'ﬂ [ | F,geé'gg f: ‘@%#st (100C) at

sea IE@MW VEF SI 0 sﬂz‘f}s iaap?lf)?ﬁw ions-'sdg‘lr'-tﬁe[e org,gé??’di still

wat er saltwalenos spiteminotegwateruit also caebe vagrtipoggclainsatherdivids of fyem¥per at ur e

. from i%%m(looq. At that tenperature, water boils and va from
l'i qui 0 gas. ce the water vaporizes, a cold source nust be present to

condense | izjuBtlewefites Af:Disilotien iacepmonisethoiRowR ioremeve Yidi t i onal ener gy

to rem@ﬁﬁgﬁﬁ FnthntihABd RSy SUSHN 6r 18 réRtVd SHinGiemn Bl TROUTr ce to
condense the ul WB@ l'tng contaminated |iquid at at rmsgher' C pressures

usual PrpcesEoaswS byadeleciivephase changp Retwgandhe gitfering.vapoy wast e
manag Papdi e ichandd By evaperating Whiet is thd gloc{ 21 C to

1000 Wi%'%ﬁatﬁ' i fference. (AT). col der, cli mates the
t enpe P B whigh mw%wcﬁ%mpﬁ?qswr@?@@%w §) required to
heat Yahe rhé Baltits WhidEbadieh 4re offen Bysiérs. Condeqently thobalamraddifiero coed the
{6 opesapeoresRTe bebresn tkusrie; b aneithe BtoeS b ML 8P, “They have
* f oundséihabsiatitircitfing on feaeitel hode difegpthecatdunhef evaporatianpl e, in desert
e oy ¢+ g A Ut el bR RO RREHRR, oo, 20
( RUL Ebdifing point of water, 212°F (100°C) at sea level. (Metric conversions are approxima-

tions.) Therefore; o distill water at atmospheric pressures, heat energy must raise the

temperature from ambient to 212°F (100°C). At that iemperaiure, water boils and va-

porizes, changing from liquid to gas. Once the water vaporizes, a cold source must be

present to condense liquid water from the water vapor. One must use additional energy

to remnove:-heat from a cold trap and create a continuous cold source to condense the

#uid. -

Boifing contaminated liquid at atmospheric pressures usually has not been:

economically viable. For desalinaiion or waste management, the temperature change is

from about 70°F to 212°F (21°C to 100°C), a 142°F (61°C) temperature difference (AT).

In colder climates, the temperature difference often is greater. The necessary energy

required o heat water to boiling and to maintain condensers cool enough to condense

the vapor makes traditional water distillation systems prohibitively expensive to operate

without using costly, "multi-effect” boiling chambers. They have found their niche i

specialized applications. For example, in desert regions near an ocean or soda lake, for

ships and in space applications, one may trade off the high energy cost for the need for
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8 FEB 2005 WD 02/ 05920 PCT/ U401122715 potable water. One al so na acchﬁ
t he high energy costs where the contam nants are so toxic that X 05
be renoved fromthe water. Not only is higher tenperature distillation
expensive, it can cause an additional problem Wen processi ng contam nated
l'i qui di‘f#%” ontain mnerals or organic note | ee, hpghesetzeriper ature can
cause reactions between the nol ecul es. Sone reactions can form

hi gh nol ecul ar wei ght nol ecul es that can obstruct boiler waits and nace
cleaning difficult. H gh tenperatures. al so break down the walls of organic
cells wthin the contam nates, which can release toxic materials into the
| iquid. H gh perarture boiling can cause sone | ower nol ecul ar-wei ght

cont anpotasle watep. Ofepalso mey acebpt e dightencrgytdosistwherethecodiapdanisoier d t he

condenser - Rever se nosi S aLenms al so are comon for saline water

r ecl ant@-1o%if ‘5?@95"5%?"?& A}'%?Q% not used for |arge a@gl i cations.

Despite probbem]y wriQMeampermurpMMDB edpartsivel icarpeusa@nRAdtionaliesal i nati on

capicity in the United State i Boranit R fi ce of

Techn&'éﬂ?"%%‘eg wﬁ@%@"‘#‘@%@%@%& United States had al npst

noI ?:anaﬁlst Wmmemmmamam bﬁwemﬂl edqugiequing, Some (113t5

mllion ljters q ﬁﬁ bR wilRZindcapaci ty

exceedﬁm h%% P'{ers per 8%1‘#5 St||| that amount is
Hearangndiflicslt. Highttempenahines alsrbienk dewn cefst es- For ex

anpl e, E Un| ed S at ﬁﬁ ﬁ;gg ﬂ%iﬁg' %bﬁas all ,fresh

wat or 'g ates t?)ﬁ? 95 was 341 ooom 1.29 x 1012

| i terwﬁmmmwmmimrm n pentagginales o boi | ers.

. Boi | ers are q *anﬁseﬁﬁﬁéweé&fﬁé &Cienci es have been stud| ed and
docunele “’?@;8% Heal -Transmi 55| on 2d %ﬁl aw-Hi [l 1942,
pp. 133- 137. mmmeéﬁmnﬁg@r@men nergy T equi red

to pr u.i;'e UsB8 ¥ &Atie Bpplicaiomsl zat i on equatlon liquitlk

(1) qﬂg ner_gy,

e S o o RS 122
capicity in the: United States has increased. According to the Office of Technology As-
sessment, in 1955, for example the United States had almost no capacity, and less
than 30 miillion gallons per day (Mgal/d) (113.5 million Jiters per day) could be produced
in 1970, By 1985, capacity exceeded:200 Mgai/d (757 million liters per day). Still; that
amount is quite smalt comparedtotheannual water use in the United States. For ex-
ample, the United States Geological Service reports that overall fresh water withdraw-
als in the United States in 1995 was 341,000 Mgal/d (1. 29 x 10™2 liters per day).

Conventional distillation systems use conventional boilers. Boilers are an ad-
vanceaartwmseemcaemes havebeensmdledanddowmeraed Ses, e.g., McAd- -
ams, W. K., Heat Transmission 2d Ed., McGraw-Hill 1942, pp. 133-137. )

Boiler and Condensey Phase Change Processes: The energy reguired to pro-
duce a bquid-io-gas phase change is defined by the heat of vaporization eguation given

by:

O=wAh,. (1)
0O=Heatenergy; (BTU) : (1a)
w=Weight of fluid to be vaporized; (Ibs) ' (1b)
Ak, =Heat of Vaporization of the fluid (BTU/Ib). (1c)

3
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8 FEB 2005 WD 02/ 05920 PCT/ US01/ 22715 During a continuous feed EL&)VF
process, the required energy per unit tineis sinply the tinme" \E‘ﬁz\ggﬁ
of equation (1) and defined by: Q; Ak (2) (2a) (weight) flow of fluid
vaporized (I bslhr). (2b) The heal transfer rate flow ng between the boiler
and conden éﬁ)ol s by a conbi-- lion of both convecti vecgoshigamiuctive
proces?é) 02%4° i s given by Newton's Law of hog defined py: Q= UAAT, where,
U--overall heat transfer coefficient; (BTU A= Overall boiler & condenser
area; (112) ft2 hr F)) AT= Tc - TB = Tenperature di fference between boiler
" & condenser ('17). (3) (3a) (3b) (3c One conputes the overall heat
transfer coefficient by the standard parallel ad- dition of |)cal,

i ndi vi dual bﬁﬂﬁgéb@ﬁﬁﬁﬁfﬁeedﬁdwbmyéssmeremilﬁdemvpetw,ﬁmdan& WH.,
Heat Transm ssion, 4 pp- 133-137. This expression
has t HEMPiY thedifege "U@g‘ferfgteﬂﬁ% ﬂeanﬁégh nt%ygr | ocal beat

transferooeff|C|ent (BTUI (ft2 hr F)) noiler |ocal heat transfer(
coef f i @rerfthy (BTEll(ftZ hr F)) of the common wall (ft) The nass Iow w,
pounds per &our of purlfled flaud fromthe distillati.on unit (1%3)(4a) (4b)

(‘4c) where, 0= Heatenergyﬂow
w="Mass” (weight) flow ofﬂuid vaporized (Ibs/hr). {2b)
‘I‘neheath'ansferrateﬂowmg between the boller and condenser is by a combi-
mhonofbohconvechveandconduchveprocesses and is given by Newton’s Lawol

Coolirig defined by:

Q UAAT, | : _ )

where, U=Overall heat transfer coefficient; (BTUNR hr °F)) (3a)
A=Overalt boler & condenser area; (i) - (3b)

AT =T — T = Temperature difference between boiler & condenser (° F). (3::)._

One compulw the overall heat transfer coefficient by the standard parallel ad-
dition of local, indivigual heat transfers, which yields: :

LS S P E : @
U b b (5;]
twﬂ

See, e.g., MoAdams, W.H., Heat Transmission, 2d Ed., McGraw-Hill 1942, pp.
133-137. This expression has the following definitions:

e =Condenser local heat ransfer coefficient; (BTUKR hr °F)) | (42)
1y =Boller local heat transfer coeflicient; (BTU/R hr °F)) (4b)
Kyaits K prig = Thermal conduciivities of wall-and fluid; (BTU/# br °F)) , {4c)
bogits} pig = THICKNESS of the common wall (R). _ 4d)

The mass flow, :v, in pounds per hour of purified fluid from the distillation unit
can be computed by combining equations (2) and (3} yielding:

. UAAT ] ®)
A,
In units of gallons per day, the mass flow, wg e_quals:
we =Cg A _ . (6)
-3-
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4d (5) (6) k...., =Thermal conductivities of wall and fl uid; (Bfi'lﬂ (E[-EB r%ﬂﬂﬁ
F)) SUBSTI TUTE SHEET (RULE 26) 8 FEB 2JD? WD 02/ 05920PCTnJSOL/ 22715 wher e,
w8 =Mass flow rate; (Gal/day)(6a) CG =Constant conversion to gal/day =
(24/8.3454).(6b) Quantities in each preceding equation are tenperature and
pressugR, @rpred- ent. Consequently, the optinum therPETY$MAEAS cycl e for
contam nated water or any other fluid depends on the fluid and

contam nants. Most fluids have known p however. Accaordiivrgly, one can
account for the particular fluid. Further, a conputer m oprocessor

f eedback and control 'system can adjust for any specified requirenents.
Neat Transfer Pierfom ance: Equations (5) and (6) show that a |inear

| NCr eagRere i, LMY BoRIrhteERINdy) ansf er coefficient U increases tlgm)system
output flow rate linearly- Increasi ng the tenperature difference requires

added €perGpnsianhennvprsiopito gatldey x(24/8.38%4). i nput t enper ature, whi cff¥s not

controll ed, determ.nes. the rking.te rat r Xi m zing the

heat transf Q‘EB%@SF'? E?W%%?'Hﬁ?%l%cﬁfngg%ﬁapﬁgé@ﬁea "\%ﬁsﬁ'&% (?eé)re ﬁ&T or Me

t enper ghucenséyidrtly Sihe epiiniur theaudynamieeycie. forTdtintaniinated watelror 3 ckness; It is

i mportapt to utilize ery thi oi | er e thickness

t,,, a%mﬂﬁf\ﬁfﬁ%‘lﬁ? nﬂ? M@%ﬁ%QFMPC y.. the wall

t hi cknpswevies Aecirdingly, 6helcd accmintfor the RariLEIr lvid Hawthed . 2®mpttermi- 0.,38 ) .
The heat conduct i f j G ' : -ﬁ“é@e, i s about

. 25 BTW?WM%M%Gm%AXM%a&PJ %s a %hll er wal |

conduct i vi t el _ Equsitiohs (5)00¢h (6) Ghow that adined(n@eased BTUI (ft2 hr
F). Thin Film.BofA g L7 1) an "ﬁ@"m@ hi-ghf i 1 m

. thickr® ‘%WW‘%’WE@%&%%M \éat t_rgartlés!"er o fluidin a

boi | erlcrEasingtheitempératios difference reguirestadded gperoy copsumplian.t ey d il m

agai nsgt ﬁBBE"!gﬁﬁill‘?q%ia‘; nolEURRe ﬂgae nede¥ (,mﬁs? _hi gh

terr*per‘%“'&":}g1 gradients to %onduct eétniéi%mgu h twhe_f urd film Thin film

boi | i rifheneforeatopuimizing be heet trapsier CWQ’#%W@%MWMWH"‘EW&%N or art, the

thin fi T of the rhbdrafb RS BATRS Qaeardtolei | er wal | in two different
ways, W plng or spraying. By rotating 're entire assenbly, centripetal "g"

| oads cause Thindopérovall thicknesy: ihisimpariant g ikzsy yary i %@!ﬂ’ﬁ%’fdepﬁ? boi | er
hi chnshiabdBiRhESOR, LN AL ot bl et SO Mogts Ia?” £ ccdback
| 0gi C the wall thicknessis betweka 01 Piiichesitaod 0 uinchasd@ 26ame —+ § 38 rank 7B&cr i bed
ener gy G0 RSBty Bor iy, a typical boller wall surface; is about 26 BTU/(ft hr °F) (043
wattlern-°C), which yields a boiler wall conductivity heat transfer rate of between 20,000
and 30,000 BTOXR hr °F). .
Thin Filny Bolting: Minimizing the contaminated water fluid film thickness
against the boiler surface improves heat transfer to fluid in a boller. Conventtional boil-
ers do not create a uniform thin fluid film against the bonlersurface COnseq_uenﬂy, they
must rely on high-temperature gradients to conduct heat through the fluid fim. Thin fim
boiting nommally operates at lowes boiling temperature. In the prior art, the thin film of
liquid is deposited along the boiler wall in two different ways, wiping or spraying.
By rotating the entire assembly, centripetal °g” loads cause the fluid to form a
thin uniform fim against the boiler surface. In the present invention, injectors adjust the
licquid film thickness in accordance with the boiler rotation rate. Computer feedback logic
could maximize the purified output flow rate 1o the prescribed energy consumption. Ap-
plicants recognize that rotation causes centripetal loads. In common partance, many
refer to this load as centrifugal force. Though no centrifugal force exists io act on the

4~
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plicants recogni ze that rotation causes centripetal |loads. In CO"EEH] FEB 200
parlance, many refer to this load as centrifugal force. Though i
centrifugal force exists to act on the SUBSTI TUTE SHEET (RULE 26) FEB 200:
WO 02/ 05920 PCT[1JSQA /22715 liquid, the application still uses the term
"centrrfé}r{gﬁ?" to denote forces causing liquid to fip#gegikiasi nside on the
boi | er ¥ %% Fluid filmthickness val ues are usual | y mai ntai ned between
about 0.020 in to 0.010 in (25n-,,n to 0.5 :rin. Conventional boilers do
not maintain this small of a film thickness. Consequently, their

t hroughput -flow rate is limted to operating reginmes at high AT
tenperature differences or large boiler surface areas A because the boiling
beat tiashe bppliRiaich all@sss the t@ntebhtsfughitint denoterferices caugingdiquisdadi ti ons of
relativel y Iow fI uid vel oci thses (kow ynotds nunbers, Re), convection and
phase g?sb"ﬂﬁ'\/%'? t he boiling heat transfer rate. Thin fpm
condi ti ons H(ﬁdﬁfﬁ?ﬁﬂvae‘saireumaupnﬁmalmd Me@bgbmmﬁpéalreto boi | i ng can

occur at | ow AT,  whi duces h heat transfer
wi th S @’?Q%ﬁﬁ‘ge‘?"ﬁ‘gﬁ%ﬁ"@%@ eﬂﬁ’i{n% nrgghr'rga |qU| phase-only con

vect | Qiiciiiess m;nhy wmmgmamvaeis imnedduepefammm t he
rrethodolo cl.udin e fluid Ciad nsity, thernal
conduwmm h'?@eebr?f' rs"%t'fg%éspecjlkglc Eeat a o g wWith the
geone iyt ipinshel Rt eqBdudd@vwever, the mathematics for: heat transfer wth a
phase change aI SO |ncI ude e, surface r @ ﬁﬂﬁi lowes: the

- surface tends® '@?F%ﬁégﬂ"%f"”@ﬁ’ te%veﬁf e pressure the density

. and otQholdPmARBES afnvéhibnlmqlﬂldsa/dmgepfﬁbeswﬁmpm@mw becones so

anay PreLFes GF%%SM@”E” SSxon e Spr fefER Rl ns?"’@‘%’ ?‘?dga%ﬁ??’a(”:is.éhi

maj or memmm whieb ptoduoesf high beatttrane‘e
Cla

o L DL Ak & o gl Pk it s i ‘%ﬁ'“*" O 1 102
t r ans iveétionPracebs. nqﬁapﬁase MHWMQHMGQ@@F?&INO’P%%H‘W i cal
ELSSFBE%T&M% R oS BN il EcRly, SPangop SamgE, et on
provi cag spédficleat albog wih ﬂmwﬂfemﬁoéﬂhe system: Hewovgsdhe b eplite Rat e are the
kP T e R A
as dr dpssuviace teosiooribie fatent heat of fvaporalon, the
propesties of the: liquid-vapor. The entire process becomes so complex that ernpincal
experimental data and dimensional analysis determines the analytical expressions.
‘Fhe-weight of fluid against a boiler surface is a major cause that allows heat
wransfer totake place. Therefore, artificially increasing the weight of the fiuid by:sub-
jeclmg it 1o a rotating "g” field against a cylindrical surface causes the boiling heat
transfer rate o increase..
High condenser heat transfers: In general, the physical proc&s's&sfmat‘_ocwr ‘
when puse vapor condenses are complex. The processes involve a coupled transfer of
heat and mass in which the latent heat of condensation provides the heat to be trans-
ferred, and the vapor and condensate are the transported mass. Condensing heat
transfer rates typically aré high due to the large latent heat energy contained in the va-
. por.
When the condensale remains as drops on the condenser surface, the process
becomes less efficient. The drops remaining on the surface prevent new vapor from
reaching the surface. Therefore, removing drop-wise condensation from the condenser
surface increases efficiency. If the condenser surface is cylindrical and faces oulward,

B
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becones | ess efficient. The drops renai ning on the surface prevent nﬁﬁ%ﬁ
vapor fromreaching the surface. Therefore, renoving drop-w se co &e ?@ﬁ
fromthe cord surface increases efficiency. If the condenser surface is
cylindrical and faces outward, SUBSTI TUTE SHEET (RULE 26) 8 F EB 2005 WD
02/ 05920 PC /1JSOv22715 rotating the condenser at a p¢ﬁh yses the
conden¥® 8% e t hrown of f the con- denser vall. &N OCIty

i ncreases, condensate is thrown off the wall nore quickly and conpletely
to yield a surface that is ready to receive vapor. SUVMMARY OF THE | NVENTI ON
The principal object of the present invention is to di-sclose and provide an
of 1. water reclamation system that can distill brine and ot her

cont anfiaf @%,ée ESHtecASerat a higl f@Bbediie ETHdAEAS I REhFWILEITThE ceper at i ng

pressure t ar the vapor pressure of the con ted fluid, boding can
occur ﬁ?ﬂ‘-ﬁ’hﬁ'ﬁ&rﬁs% REreAses, CORISSaleds ﬁh"t‘\g}ﬂféiﬁﬁt“@ﬁg‘orﬁﬂ\"'%? ence (AT),

ﬁgdé%@lf ag)ﬁaa@ma{]gréwﬂ,mné%wre boi ling occur- on one side
of a t

er vvaft and condensation occur on the other side of the watt,
heat WWWWE’NA@II by the condensing fluid can provide energy

for boding gie g,h 9? SheSpresor® invéntidn Wb ldisclosé bR provide ahlemict i ng t he
boi | er/ condens | "as a cyI I ndrical .shell, havin %boél ng surface

face tmmmmﬂsmeﬂ@ndeﬂﬂ prine angqthey ng the
cyli ndgiy @RPBY syshané ;ﬁéssbﬁrmheaﬂmﬂgamma&dm to the

hi gher forces on the fluid- because ndenser surface

f aces %&W‘ﬁ‘e"&d boiling cap ogeH 2L § g'ef’ﬁg" f‘fﬂéﬁ t hr own of f
t he copferenés mré@csﬂ:(mulaea\mﬁvmgllmmnmegdmﬂamlngbmenwe vapor,

whi ch i nproves condenser efflﬁcglgﬁncwec use. of. th c[w%g Les, possible
from a%?%ﬂ?‘!% tge Bﬁgg at ambi ent

t enper gdndfeifed b M waByaha toridensing ﬂmmgaﬂmmmdeewggsmabeﬁlmﬂb@pl-l ng of the

ng'eh”&as“@'%p?{*ﬁﬁ rider c%'e#’uvé@%}@%f*??? e A el 1 o

mai Nt ashiehf hewing mwmummmmmmwmmnmmmmmmpo 51 nmm -

'([)r gﬁs%ﬁ}g%w&s%‘ﬁ%ﬁﬁgh@ % Wobj ec?ol):‘ ! ?ﬁeheat

pr eseng foreesamtthe fiuiil dikewist, betapse therrengenser eiage @gd, as vapor
condenses, the drops of condensate are thrown off the condenser surface. That leaves

a clean swrface 1o receive-vapor, which improves condenser efficiency. Because of the
high heat transfer capabilities: possible from a rotating boiler/condenser, boiling can oc-
cur practically at ambient femperatures. Low temperature boiling minimizes scale and
fomu'lgofﬂ)eboiimgwallswfaee. This allows the boliling heat transfer rate-ip be main-
tained at averyhghleve!. . -
One object of the present invention is to mainain fluid film thickness values
between about 8.020'in. 1o 0.010 in. (0.51 mm - 0.25 mm). The thin film under acceler-
,atedgmtamnmprmboﬁngheatiransferralemseveralﬂmusand BTuufx’hr"F)

Another object ofﬂ)e-pr%en,t-mvenbon is to disclose and provide a-water rec-
lamation system that processes large volumes of fluid in @ small systen volume. By ar-
rangmgﬁnecyliruh’nca!shelbconcentnca!ly the system of the present invention can ac-
complish that object.. _

" - Another object of the present invention is 1o design the system to work continu-
ously instead of in batch mode. Thus, contaminated fluid enters the system, and clean
water or other purified fluid exits the system and are collecied continuously. Likewise,
the salts or other contaminates also exit the system continuously and are collected

separately.
~B-
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| arradi that processes large volunes of fluid in a small system: oa Eﬁ @ﬁ
ring the cy~ca:lshefis concentrically, the systemof the present'’ $

can ac tfiat object. Mther object of the present invention is to design

t he systemto wor k continu ously instead of in batch node. Thus,

cont am gg luid enters the system and clean watg¢rpsnRbRer purified
fluid & 0(2 Phe system and are collected continuously. Likew se, the salts
or other contam nates .al so exit the system continuously and are collected
SUBSTI TUTE SHEET (RULE 26 WD 02/ 05920 Some or nuch of the contani nat ed
fluid likely will not vaporize. Thus, the sys- tem may not convert 100% of

I ncom ng bri ne, for exanple, to pot abI e water. As the percentage converted
i ncreases, shaebr)hhbmganWIammatediﬂnidrhkelswl namdpqrhe Bwsy g sye- qui renent

is of the s em i ncr Thi a ARY

concerﬁ’ d?f’t'c?'TY@B 2@2’5‘?’3‘ g@[b%ﬁ%%ﬁ%e?@ areP @%%’%2%5% %smr equired to boil

the r giPdaptaye cohvbiniéd indreases, tlﬁebmingqmmame msease&a)apémﬁwrgsam returning

brine back to ean at sl Cmg,} S usually is

acceptBiEEeniy é%@rﬁ%ﬁwn"ﬁebgggéﬁﬁb% resent ven tion is to allow it

to kema@matmpemmemaommmwwmmﬂm | ess gy and

be very economn cal Whel Eﬁ‘ﬂnﬂi’ rdh%FmV' ng toxic

f or tﬂé'b?‘?@?% W%%%"B%&"ngvarl g’l}%&geaar?%/s can g’ constructed at

r el at isal byndentrations ssudiyds aucepieble. Acopstingly anwhjest Gfdbr presentd™@t i ndri cal or

t aper %gﬁfgﬂ Blelod vi de | ow cost
nmet ho%@%%%ggﬁe%%wﬁ%ﬂé%rﬂal nc ughwg ovdlogﬁl' %’g’eyﬁ | s of

- di ffermmmmmsﬁnm&mrmtmmﬁ YF‘E’UI@W@W\"%F"I% to highly
toxic ey Shihe ub(ie0 lighitig 0se and

7 provi %%ohr@ruct on wast e%o\ﬁﬁp% rrust f')oeu"g‘f‘\"ored(a)(‘:)}Fj dfls osed, limting

t he VMQMMWQSW@WWW’W&) pEakably isYpsirable- *hat renai ns

with the o ggg&, ,;,}cegﬁ g&b&m%@u@é&r@mmm systens may

process and vaporl |gher e?geﬁnt age of ese contgg lq{téd f1uids.

Accor disidg| Accomlinghy: enothey] eiect of the Resspritdaveption 3@ ABTYN PS8 si gn a system

t hat W&h&@h?&e&&ﬂ iBTRRBne!td WRRlit®oc wasteo use an ef fici ent

conpr??g r-tor the rgture ang pr@(%'ure wat er vapor, S |rghtly and

di recting tﬂ@“ﬁﬁﬂe“'ﬁ‘{’f é""SF‘]%ﬁ(g‘e pose Et’ﬁ‘.ﬂﬁ"‘@‘i‘.%’f‘f’@ S"Pﬁh ShelI's nount

Wi t hi W'?ﬁ@érﬂ%\fehﬁén ﬁ&ihndﬁ&hmnbus it9egh lhmdﬂfstruaedlamelaﬁvﬁym acent shells

in

forma boi g space, and one of Ih €, .S acent shell
f or m &0t FRRPIESSIR VEitioD USPR mqngél%g#}eé%}g'enser Bihock

the present invention is to provide low—oost methods for constructing the shells, unc!ud-
ing providing shelis of different diameters.

Another object of the present invention is to i1se an efficient compressor for
racsmgmemmpemmreandpmsure on water vapor shghtly and directing the vapor 1o
the condensing swiaces. :

Another object of the present invention is to disclose a process that requires:
lower power than other systems.

Another object of the present invention i is to provide wateror oihier fluid recla-
mation that can be fully automatic, uses no expendable materials during fluid process-
ing and has a long operational life with minimum maintenance. :

To accomplish these objects, the pment water reclamation system comprises
a series of concentric thin shells. The shet!s mount within a housmg that can be main-
tained under vacuum. Two adjacent shells form a boiling space, and one of those shells
and the next adjacent shell form a condensing space. Thus, the boiler and condenser
share a common wall. The shells also rotate together within the housing.
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share a comon wall. The shells also rotate together within the HL&NEEE 20
and has a long operational life with m ni num mai nt enance. To acconpli sh
"these objects, the present water redanmati on system surfaces. Another

.obj ect of the present invention is to disclose a process that requires

| ower gﬁ;!hFan ot her systens. Another object of thpcpusmenisi nvention is
to pro or other fluid recla- rnation that can be fully automati c,
uses no expendabl e materials during fluid process SUBSTI TUTE SHEET (RULE
26) 8 FED WD 02/ 05920 PCTI LI S01/22715 one end of each boiling space is open
to a conpressor, which raises the pres- sure and adds heat to the water
vapor after the water boils. As fluid boils, the conpres transfers-the
vapor to tkmsmwmmmmmewmumammnwéwftwhﬁh@%ﬁh%?@am of the

conpr essor. e,V cdompraaal | that is
corrrm I@%ﬁ&ﬁgﬁg m?ﬂ’e vapor condﬂeur'\qsgégs"sgér}g transfers heat to
the %&#m%@wmwmemwcmmhwmm@dm Aevnstigary. Thi s

m ni m zes _.t.he heat en= e l; rds, the

| at entsgﬁé_sé ﬁéhsarv%ltsﬁﬁﬁﬁ@%oﬁé’ NHF%IC!T né‘a%h%’iat‘@

e con- denser i1s transferred and t hen used

as t hgomfioh tHeeafiacefit baliipgspace. Thevaper condepses and ransiersheatddibeeds no heat
sour ces ot her "\é&pﬂ %(gﬁq:) RBThifimites the RBdt@en-he cycle flow
from Mﬂgﬁ&%ﬁw&eﬁensaﬁn ho r[ﬁg surlface recei ves added g

f or c e ergyfiiatane systérh isep: Mﬂwmmﬁeﬂhb@mﬁ@"ﬂﬁwm%%faces of the
shells face the axis g bSvapBFatiBh iioihe bolldCEhe t he system
al so OEVSES refererRy Iﬂiﬁ{ng as ﬂje%t?ﬁflfefaf’ a'FﬁlanmbOHIn and adcl ed g
for cesyslmmeadaem MWWWMYM@%W@HW%W%%@ ace

. out war,d ¥'§|Mé¢ﬁ%% ensdibace and condenses, it imediately is

: throw’f‘éo'fy\f{\’g sur I's |l eaves clean surface op which new vapor
condenses. W@gﬁ@ﬁ%@%ﬁ@s@e @%@ﬁdﬁﬁéﬁf@aﬁ%wgﬂ?’é’w d, cooed as
a filmg, gl Qﬂﬁjlégl&%rﬂﬁ elfg thidgs. ﬁﬁmgmammﬂoiapmﬁmg the shells
the condensat€ to owtoward the Iar r dia shel | where it

f.t
i s As bollieg srtpgethe systemiaisoGap mMaitpia the %aﬂ?gﬁ ﬁh‘%&ﬁm@'}}ﬁ?al n the
cont a%m W&mghwu&m&h@mysterns constructlon prevents t he

cont am nat es rom flow n ac pe n ‘e,ta HHJJ??, al so cause
t he cont aniBresese thg opp T%ﬁé%@ Rf' REFEN ey reach the end of
t he Walk cotdif¥e itSmindaidtly i thromn dff&mlswfabé dtisddaves acledngprecehe ring, the
contam nates are punped OfigRy1sicll 85l e Erindith, iy 4 hife ouid, 1o
collect as a film along the outer shell of the condenser space. Tépering‘ﬁre shelis
causes the condensate to flow toward the larger diameter end of the shell where it is
As:the: iquid boils in the boiler, the high g forces maintain the contaminates on ]
the boiler wall. The: system’s construction prevents the contaminates from: flowingback
toward-the inlet. High g forces also cause the contaminates o fiow along the boiler. wall.
When they reach the.end of the wall, they are thrown outward and collected in a.1ing:
From the ing, ihe contaminates are pumped or otherwise directed out of the housing.
To keep the sludge and pure liquid separate, collection of corrmmmatesand pure houid
can occur at opposite ends of the shells.
The systemcandeﬁverurlrapurewater or other liquids, and it can be usedfor
" Joxic waste clean-up applications. There, the system fractionally separaies all Kinds of
liquid contaminates including nitrate polluted.wells, cyanide polluted mines, petroleum
poliuied water tables and even radioactive contaminants contained in water. Inindus-
trial applications, iextile factories could separate their contaminated dyes and solhutions
from water, plating industries could separate their metals and chemicals from water
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To keep the sludge and pure liquid separate, collection of cont Z:H ﬁ?%ﬁd
pure liquid can occur at opposite ends of the shells. The syst

deliver ultra pure water or other liquids, and it can be used for toxic
wast e dean-up applications. There, the systemfractionally separates all

ki nds of i d contam nates including nitrate pol | gpefisiyhi®, cyani de

pol I ut &:PW("&%? petroleum polluted water tables and even radi oactive
contam nants contained in water. In ' inn trial applications, textile
factories could separate their contam nated dyes and solutions from water,
plating industries could separate their nmetals and chem cals from water
SUBSTI TUTE SHEET (RULE 26) 1 9 F FE1 201Us WD 02/ 05920 PCT/USQ | /22715 used
i n. t hQjiskd i) bk Bﬁctlﬁg? Do, aramie(ﬁioemtjmdnsiriesicnnldsemre& thotpxig chephr at e t he

toxic chem - cals tfrom,sol .0Nns t fachdlhhg process.
Al t HRisdrom spitionsiused dwing E"‘ﬁa‘ﬁ%ﬁg‘?}%’f %é Ef hglﬂshgs !@ ocesglcﬁﬂ t echnol ogy
f unct i R ianReied Wiathslsdrhe pridkssing tectpektigl functionieg vnden difentibutispeeiiaind ot her
objects are evident fromthe description of the exenplary em of the

i nventaPSRINGRPMENIBESCRI PTI ON of THE DRAWNGS Frs.1 is a side sectional view
of an’ exenpiggse mﬁrmﬁeeﬁmmede&m’pﬂmﬁﬂmewﬂw the present
I nventiaon. Flﬂfﬂs‘f’ nd 4 are perspective, cutaway views of an exenplary
enbodihedspent recl amati on system of the present invention. Each

Vi ew 'Iiméf Mwomuege point FIG 5. is a perspective view of
the rotatin b0| | er/ condenser ow n Q%lﬁ; de of an
exerrpl ary el eé‘%f“ﬁ%@f?’ﬁﬁwéﬁg@:‘%hwf pr esent

i nventd%nla}ygém ﬁwémibnsectlonal views of the rotating

bmler/condenser t e e- ctivel 1. FIG 6
shows the 42‘3?"55‘?’&%”'3 ﬂ%ﬁaﬂha?sg iF}*"oreg? S’ﬁ%fn e waste input
t ubes dfﬂmtmﬂbea&ghmﬂmeﬁnefmapmsenﬁan E@hwwnsfrma:drﬁwgu?e FIG 7 is
the sane V|ew s FIG 6, but the fan and the housing is visible. In FIG

8 #MPthamber housing also is visible. FIG 9 is a detailed

sectlonal vl-‘aews%ammeumdmmnem'l@@wfeﬁwgﬁﬁodl nment of
the pfese”t LV en Ta?. Efer?la lﬁeﬁﬂfﬂeﬁﬁ%h&ﬁ&ksM&Wo%t he brine or

sevvag ment of the present invention and
shows thmﬁlong boi |l er. FAG | is a side view of an exenplary enbodi nent

of the wat el §Ch3RtE QB sectional views of the rotating boiler/condenser taken re-
specively along plane 6-6 of Fic. 1. FiG. 6 shows the pure water collection tubes in the
foregrovnd and the waste input tubes in the background. The fan/compressor is not in
this. ﬁgure. Fic. 7 is the same view as FiG. 6, but the fan and the housing is visible. In
Fic. 8, the vacuum chamber housing also is visible. |
Fic. 9 is a detailed sectional view oftheprocessedwaste end of an exemplary
embodiment of the: present invention
Fic. 10 is a detailed sectional view of the brine or sewage input end of an ex-
emplary embodiment of the presentinvention and shows the:rotating boiier.
Fic. 11 is a side view of an exemplary embodiment of the water reclamation
- system of the present invention in which the system operates in the horizontal mode.
Fic. 12 is another side view of an exemplary embodiment of the water reclama-
sion system of the present invention. In the view, the system is mounled vertically and
on a stand.
Fie. 13 is a perspeciive view of an array of 30 such verhcally—mounted sysiems.
Fic. 14 is a block diagram schemaiic of the process that the present invention
used for desalination or decontamination showing a common boiler/condenser wall.
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system of the present invention in which the system operates in -ﬂl‘ﬁa FEB 2007
hori zontal node. FIG 12 is another side view of an exenplary enbodi nent of
the water recta tion systemof the present invention. In the view, the
systemis rmunt ed vertically and on a stand. Fn. 13 is a perspective view

of an %(,ég% o 30 such vertically-nounted systems. Fhpusizfsa bl ock
di agra ematlc of the process that the present invention used for

desal i nati on or decontam nation show ng a common boil er/ condenser wall.
SUBSTI TUTE SHEET (RULE 26) 8 di WD 02/ 45920 PCT/USO /22715 FIG 15 is a
perspective view of part of a shall for another enbodi nent of the present
invention. FIG 16 is a detailed view of part of FIG 15. 17 is a tenplate
that can be Rsa8 id o perspedive viewohphit of 4 shallfdrenpthesembodimetof FHleG. 18 is a

si de VI e 8f anot her enbodi nent of the present invention high- the waste
and puf¥ reams spraying radially outwards -into stationary exit

I)unlnel S. bFl €. 1‘%55&@@“@40@2&@5}6 stﬁrfacga pl ot s showi ng predicted .
oi ling bea g's an
Each surfac;e:“bli fs??"fpg'rfe ?&%@vgnﬁ'@ﬂ%@%@%%@’#ﬁ% ature

condi tgwn, wWhich are stat ed |n the chart. FI G 25 is a graph of predicted
tangential str S r QUSFS Eﬂl t he outer shell
of an exenp% 33&‘:%6’%%8 e pre'sré I nvention as- ng no fluid

| oad, Wmmmmmmmw@mgmmwmwmm ckness of

st ai nlrﬁ"? steel. Fx;_ 26 is a simlar graph to Fig. 25, but the predicted

t ange ess is for the loaded. with a 0.07 in (|_1.8 mm  wat er
t hi ckness. Fic& 1ma4mwsemm@sammmmmmgm area varies

SZpgr;#'n@hb I W%MP%% ﬁ Eﬁ%ﬂss and” shel | di/{gﬁgtsﬂe”- Frs.

28 |sferegfﬂmnmmggadﬂﬂemommhtmnmem@mf@lddﬁﬁ erent beer
pressup arig? Hierl ng boil er--to-condenser pressure ratios. . FIG 29 is
a seri show ng energy usa?e per Qutput pound of wat :
fordi fferenﬂebz@nsagraphofpredrctedtangenn stress (in psi)at various rotational :

speeds on the outer shell of an exemplary embodiment of the present invention as-
sumng no fluid load, a 5t (1.5 m) dia;'neter and a 0.015 in {0.38 mm) wall thickness of
stainless sieel. o

FiG. 26 is a simiar graph to-Fic. 25, but the predicted tangential siress is for the
same size shell loaded-with a:0.07 in (1.8 mm) water thickness. |

Fig. 27 is a graph showing how the cumulative boiler area varies as a function
of the radius:of the outer shell assuming given shell separation, inner shell radius, shell
thickness and shell length.

FiG. 28s a graphi showing energy usage per output pound of water for different
boiler presswres and differing boiler-to-condenser pressure ratios. -

Fic. 29 is a series of graphs showing energy usage per output pound ofwater
for different boller temperatures and variable boiler-to-condenser temperature differ-
ences.

Fic. 30 is a series of graphs showing energy usage per output pound of water
for differing boller-to-condenser AT values based on different combined motor com-
pressor efficiencies.

Fic. 31 is a plot showing the boiling point rise in seawater versus salurated
seawater temperature due to variations in salinity concentration ratio.

FiG. 32 is a plot showing the beiling point rise in seawater versus salinity con-
centration ratio due to variations in saturated seawater temperature.
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and vari abl e boiler-to-condenser tenperature differ Frs. 30 is ?éF
graphs show ng energy usage per output pound of water boiler-to-con enser
AT val ues based on different conbined notor com pressor efficiencies. FIG
31 is a plot showing the boiling point rise in seawater versus saturated
seawat er tﬁ%B rature due to variations in salinity cepggestizetison ratio.
FIG 3%9% glot showi ng the boiling point rise in seawater versus
salinity con- centration ratio due to variations in saturated seawater
tenperature -10- SUBSTI TUTE SHEET ((RULE 26) 18 FFB diJ WO 02/ 05920

PCT/ US01/ 22715 DETAI LED DESCRI PTI ONS OF THE EXEMPLARY EMBODI MENTS The wat er
recl amati on system 10 of the present invention uses |ow pressure boiling

and CWWW&%EMWM“MMi fi ed form The systemis
con- ventlonal has any eyapora Qi | r denser 14.

Bot h nount WW%%M% ?{118? pﬁﬁ? "Yer? 56}@9 p?es% at the

cont eniafing Bnd E@ndéﬁéétﬁh Wikich Flbewmsdaamﬂnﬁeﬂbm'ﬂmrsys&mamn@nt ami nat ed
liquid or brine 16 is fed i t iler | ods on common
boi | erveaipigb Hid @W?ﬂi"gﬂ%ﬁ'“ Psf%’ﬁ" ghé)(ﬁé%rﬁ{rr@a%cgntam nat ed

| i qui GuuPéhantbiel [t shownah leangjesuithat thd benterisipr ibe boiler 20d fwreneet s to the
boiler 12 to decrease t ressu adj ust nent s
“of t halensarare,updey mgﬁﬂ%@%{'&’&?@"ﬁgé ?‘r't%h?k%onpressor 0 creates,

the | ingkiviierbGt popid dh @nfincnisilarandenser well d8Tiespplicativntuses thedems ng vapor in
t he di.recti_on?d‘ﬁgf, ar o 22,.%2@ wapor is conpressed in the vomits
terrper'&?"@ﬁ’@ : e"ﬁg continues in the direction of arrow
24. As the PREUmpredser mmmeaaememlentztodmmmemﬁwﬂw 18 and

condenses |né(;{£d%8£ ﬁ% 2%5 g,%'glreg% é'&hﬁ’érﬂlh e pRisQurB¥Bbre8ke PUT € | i qui d
a

)28 ThRe ers energytot e comwait. The energy from
t he' | At dbmprssordo miebgﬂmdiqudrﬂ(ibwltihedemmﬁ‘l%%r W@Wergy sour ce

t hat MEI |I§ %Lﬁ}fﬁ bt | (R lhRR id dbripiesRaid B cdm-TWo maj or

struc S|gn |cant y 1n the present invention: having

t he ceressor, mtdmrmtw!mw-ndrl -cal shell and nounting spaced concentric

shells wit Wﬁ?&’ Wes IS direkAdn Sranbolwe24s e iesvapbr Gitgls 1ot at i onal
hp% subj ec ' :

vel ocities contam nated and Process%d W&H} r to high g
f or cespndenser 14, it contacts comrnon wall 18 and condenses into droplets 26.

lets fall into poot of pure liquid 28. The condensing vapor transfers energy to the com-
mon wall. The energy from the latert heat of condensation in the condenser 14 acls as
the energy source that supplies the latent heat of vaporization in the boiler 42.

Two majorstmctur% enhance output significantly in the present invention:
ha\nng the-common wall 18 be a cylindrical shell and mounting spaced
concentric shells within a given volume; and -

« rotating the shells at high rotational velocities to subject the contaminated
and.processed water to high g forces.

Figure 1, which shows an exemplary embodiment of the boiler/condenser sub-

assembly and ils constituent parts, illustrates both structures.

Rotating Bodler and Condenser: Applicants believe that the system of the pre-
sentmvemonmybeabmnzom (50 cm) in diameter to 5 fi. {1.5 m) or more. The first
embodiment is the smaller system. | '. '

The reclamation system 30 of the present invention comprises an inner housing
50 that mounts within a vacuum chamber 80 (Fic. 1). The diameter of the inner housing
50 of the exemplary embodiment is about 14.1 in. (3.6 cm). The entire sysiem may be
scaled up or down, however. As is explained in more detail, the system 30 comprises a
series of concenitic metal shells. In the exemplary embodiment, the shells are stainless
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Figure 1, which shows an exenpl ary enmbodi ment of the boil er/cond4n@elrtiuilh
assenbly and its constituent parts, illustrates both structures. Rotating
Boi |l er and Condenser.' Applicants believe that the systemof the pre- sent

i nvention may be about 20 in. (50 cn) in dianeter to 5 ft. (1.5 n) or nore.
The first bodement is the smaller system The reclamation system 30 of the
present-invention conprises an inner housing 50 that nounts within a vacuum
chanber 80 (FIG 1). The dianmeter of the inner housing 50 of the exenplary
enbodi ment is about 14.1 in. (3.6 cm. The entire systemmay be scaled up
or down, however. As is explained in nore detail, the system 30 conprises a
series of concentric netal shells. In the exenplary enbodi nent, the shells
are stainless -11 SUBSTI TUTE SHEET (RULE 26) steel, alum num or other netal
al t hough sonme plastics nay be acceptable. Metals have better heat transfer
capabi | isteekslpmipun opbthertmetal alisongh s maspmawlm dcoeffiatite. Metdichavehe exenpl ary

enmbodi NMppge Q@ﬁ‘ Io | nd each subassenbly
conpri ses trvvo E-%unsﬁ rka %P%E'%P ﬁ%’g gﬁ%s 13 Daf(ra%":a%mussed ini- tially
shel | 40, |nmmmmmmrmmewsmeﬂsﬂasserhtﬂies)laheeacshelI 40, and
I nner Cdyuﬂg& sﬁ\%?%rbrﬂr g;ﬁ (=acs. 1-4 and 10.
"lI'nner," "inter I'at e’ " t%itr;'gare re gl ve erm; and represent three
adj acenmnﬁ' HAG, mtermesiele sheb33i whichis withip he outeeshell 48, anddnnsnt er shel | 40
and theﬂkﬂhﬁ%&ﬁ%ﬁh@ﬂmﬁ@dﬁt&s&%ﬂti%dzﬂﬂgmﬂé}ﬁofnnﬁm{m%ﬁec? Ser Simlarly, the

space bet the internedi ate shell S a condenser
chanbera"§6 MWW%@W@&H@"@W’EMG@ﬁ%mﬁ'é?""ﬂs 0.395 in. (10
mm) . Thee.shells nount within the inner housing 50 (FIGS. 1-4). Though the

i nner hous can b |t L Sti ch as_Lexane.in the
exenpl ary e r?f“e"eeq’@"f‘“ﬁ %’P"ﬁ%ﬂ%‘[‘hé '%é#'fe% ﬁelﬁ# 9\5 ORf s ng hal ves 52
and 54 wmmmSWMMMeMnmeuﬂmeﬂﬁtMIISBandﬁhe assenbly al so
can be s} %ﬁﬁdﬂﬁﬁ%hgﬁgﬁg ing appropriate
fasteni ng *Aﬁ% esive ing, 63Ptgi)hé’ér)em g%ﬁ%?‘#@?@ Isagﬁéure t he annul uses
t oget h&hambens 0398 ine (30 /) shoul d be secur e and air tight because the in-
si de of themh&mm%mﬁ&sﬁ\g@wﬁ@é Qni) %ﬁ?ﬂﬁiéﬁmwan outside the

S, exe

housi ng 50. Th di ter f the i nn gus n;PI ary enbodi nment
s applBBTRgFLbe el B SR oy SR BT T & (20, 2
cn. TanmlhmnglmmddfﬂwmmmngghaWestazmndsymmacat@eahedomg) ot down. The
I nner %Mh ﬁsa‘ﬁ*ﬁf %'d'a‘gln EgaailF the fabrication
costs. e shel %52 an ﬁ )ﬁefsglﬁg{l néfhnodagﬁaﬁ e%&ionductlwty

et al having appropiate fosiepiag Adhesive, welding; beliscs other fasteners sequomg, relatively
| ow comé aﬁ%sm)gﬁercnferdéﬁﬁih@t’shouidbesewre and air tight because the in-

side of the inner housing 50 is at a different pressure than outside the housing 50. The
diameiter of the inner housing in this exemplary embodiment is approximately 14.2 in.
(36 cm), and its length is about 11.5 in. (29.2 cm). These dimensions will change if the
system is scaled up or down. The inner housing halves are preferably identical to de-
crease the fabrication costs. -

"~ The shells 32, 34 and 40 are formed of a high heat conductivity metal such as
stainless steel. Stainless steel also is strong, relatively low cost and is not corroded by
salis or contaminants. Anodized aluminum also is a possible choice for the material. it
weighs less than stainless steel and has better heat conductivity. It is weaker, however, '
and more corrosive. Though other metals possible, some are too weak, more expen-
sive, not good conductors of heat or not corrosion resistant. The size of the unit may be
a factor in material choice. '

This application gives special attention to the inner and outer surfaces of shell
of the shells (e.g., shell 32) to provide near ideal bolling and condensing. Boiling sur-
faces in particular may be treated with special surface coatings and these have been
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salts or contam nants. Anodi zed alum num al so is a possible choice for the
material, It less than stainless steel and has better heat conddc§ifEiByZ003t
i s weaker, however,' and nore corrosive. Though other netals possible, sone
are too weak, nore expen- sive, not good conductors of heat or not
corrosion resistant. The size of the unit may be a factor in materi al
choice. This application gives special attention to the inner and outer
surfaces of shell of the shells (e.g., shell 32) to provide near ideal

boi ling and condensing. Boiling sur- faces in particular nmay be treated

‘Wi th special surface coatings and these have been -12 exam ned for their
applicability to this invention. For reasons that are di scussed below, the
shell material may have grooves scratched into the surface. A non-wettable

coating of a plastic material such_as Tefltﬁ 0' i .r%e h?qr\l,ﬁe boiling or
condersahinehior feieapplicabilityte this mgniing. RS sprsens izt o tis in outer housing

or vaguum Wémméda{toﬂkeemmhm-wat&m @atindet ween t he
i nter s"\?’é@%ﬁ%’%’@ a g§ 80 and }#;;ﬁ exterrpe%I f%gbi ent pressure.

Ther ebba pastic materal such g Tefion (Y, SPRERFG PG FBRT"RUST: be thi ck enough to

resi st cru%%JWmﬁﬁﬁmm withromser butsiigle vacuwe chanber. The wal |
t hi ckness i s cal cul at

t'ed usi kng r.el ati | ] afdpguate safety
factomwbﬁénmm?"r}% e’f‘%lg%w%%'lﬂe{gn@%wc egﬂjn%te??s. To save wei ght
and  gBtg'dndihe dxitfhaParhBientpRdsbur8 Themforidhe walls B2 pitiie va@in ar to an egg
contal ner. other . strengtheni ﬁﬁ%f"‘*% Tatedsutsidged. A pair of end
caps MW%WM%F&%%P ica sec‘?%%gre_% to?muou er vacuum
chambge cRémier The wail dhicknessTd galcukites! using knewn iglalioshigs Wl“éa‘%%'ﬁ xi mtely 19.7 in
(50 cm... Again, the ; i Vharfstid. qolsagewéigitanday be metal , but

g%f@y?%ﬁﬁ st %&cﬁ&% - didhfetér ehan a 4

t hey I'C such™as Lexane in the exen’%ltary enbodi nment .

Pl ast imaterial, the patagwaliizungy bespodkele similah &0 a8 588 SRTEAE - SHATI di ameter system
t hat Ej ﬂ]@mmq peuse cham bers may require nmetal construction
or bes'te\%gtrrl%m T ber dggrr%%giﬁ?sel. qIrz'ﬁch-.@%rild %@@w@aéwwegoni cal portion 90
that curveA painetend caes #0936 90A 3P rI‘”’Eor I on Frs. | and 11). The flat
end 92ciilh QHERIRA BD BFi6 1 acna it pTheduiside Garotten aprrefmalelyHPE | shows. Those
parts _are_di scussed, bel o . L binelal; Bulibé B t he outside of
each @ﬁﬂ’)-%’“ié'eg%ﬁ?ps?gf’g'qkﬁ"@@%%é%'ﬁfr)pﬁwrh% syst em ﬁgs axi al fences

f ast epgdiplasticisheh dsdiexan®inthe exrropiary embadipentJdas GL%%PP%F" YWEi I ning or

ot herw efér sy2Rn thhi®Sy. 1shows dargér vaonuraghamt erna tive
shel Iﬁ%ﬁg%wgﬁ%uﬁkmﬂr @539 hubs 96 and 97

: at has a . form a
( FI GShers may regysice metal ¢oRSIUSHNLGr %W@ﬁ‘gﬁpeéﬁgdi Ec aiﬁoe._' E%'Ee eogﬁipca S al so have

S pac efhsfxtdhiciRlortioh 08 M barvés intor iaso@ 8yinMiggbporionP2{Rgs1h#d | n the exenplary
© nbOd‘IHr)T?'lnl;[é’ﬂai[ gn% seznaﬂogsaggrls% Be LitlRNEd o RhciPéhdidapls ficsh BBdWS. end cap can be

Those parts are discussed below. The end-to-end distance between the outside of each

end cap is about 25,6 in (65.0 cm).

The system my uses axial fences fastened to the boiler or condenser surfaces
1o control the filming or otherwise control the fluid. See Figs. 15 and 16 for an alterna-

tive shell-construction that has a form of a fence.
Inward facing hubs 96 and 97 (Fics. 1-4) are at the center of each end cap.

The end caps also have spaced external strengthening ribs 98 (Figs. 24 and 11). in the
exemplary embodiment, the end caps are identical so that a single end cap can be

used on either side of the vacuum chamber.
The cylindrical section 88 of the vacuum chamber 80 could be molded plastic,

wound fiber composite or metal. Strengthening ribs 100 face outward from the cylindri-
. cal Qecﬁon—(Fle. 11). Annﬁlar rings 102 on the end caps 84 and 86 connect to the an-

nular rings 104 on the cylindsical section 88. Bolts 106 through the annular rings secure

the cylindrical section to the end caps, but other fastening is possible. The exemplary
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used on either side of the vacuum chamber. The cylindrical section 88 of

t he vacuum chanber 80 coul d be nol ded plasti-c, wound fiber conposite or
nmetal. Strengthening ribs 100 face outward fromthe cylindri- cal
section-(Fie. 11). Annular rings 102 on the end caps 84 and 86 connect to

t he an- r@p@ rings 104 on the cylindrical section G&r/dehts1s.06 through
the anit§ P ngs secure the cylindrical section to the end caps, but

ot her fastening is possible. The exenplary -13 Wc) 02/05920 PCTI USOL/ 22715
bodi nment.. uses--bol-ts because they can be renoved for access into the
chanmber. The end caps 84 and 86 al so have an annul ar tongue 104 that seats
i n an annul ar groove 106 on the cylindrical section. The tongue and groove
align érhﬁocmdmspsbbm hehamwwéytdmibelre-ovmﬁominmcbarbbm Bhe seal - An

o-ring acuum seal .
Beo ot e 4GP be 3o ah i 19hLEe A0 B SRAE ARl ltwd o
anbi e e @ethe egindscal Sedtion Plhe tondue and@rmgsbggthelew cametodlyﬂecymdmm section.
A stand, 1 nma port 1 e ll;lﬁ ﬁ t he stand
supporﬁ%?@%&ﬁ"a?ﬁ%é%t% Fe'Inc%& t1o rbQ“%%EIngm%&aar]ﬂdlffer ent
-st and Wmmmmmmmwewmmwmammwem permts
horlzontal or ttﬁ%;ﬁﬂﬁ*jd.a? wans. See al so
t he ar avéﬁr'&h?%’y mun%sﬁ%ﬁr@%p%%@ ' I's di scussed
bel ow. The Amtaan H0nsysypidt o sytiem30rofithe grolng lnftqq‘lnﬁlemldharrber 80 about
an axigs ot at I @Hﬁ hafts 120
and 1%%%’6%@%%%% q@z’%s“@b ong ﬁ%dgﬂ J;.QO rotation.
-The smmmmlmmmmmmmw e verical ewdinge| ow- Each
-, Shaft ARFIEMAMbINES SRESHhS FEecess 128
7 and lwm&g e the sﬁ%?bs support the inner housing 50 for
hi gh sifewhichisidisqussed below. nust be strong, precision parts, and maintaining

tol 80 al
o noes Dbt tkig sb higistton 8@ h&&'ﬁﬁhﬁ@ne&%ﬂmb&?ﬂ@&b&h%ﬂ% also is

n the left side he system
extend%'ﬁmmﬁbl“mewmeﬁ'ﬁﬂd'm beliqw-shafts i ‘illaz%‘éﬁt?" 2 as best shown

in Fl :tﬁe:mlﬁlﬁ@s@%m?%f&fdédpesb%r@%éﬁ@dfwmw housi ng 50)
about the axis of rotation 132 Si mlar %3‘1‘5}7%'\33?‘# n E 10, shaft
122 ohefrcaeihgiow Bequsgthey camy ‘E@ﬁf"&&“ﬂ ’PWt ABAJPASS hub 148: A
bear i Flmlaﬁ&memfs%embatﬂ wé heeditzalhd 1ab@itst handi0)sBef rota Beari ngs

{ hos s caia by SREo e 1%@&&?#%{ biof Bt BRabh, hAPBERE Y N0 e
bear r isbang, pRisichaarisnasl. mhmmimhgatelel'mmgs faﬂwn‘amihhmveﬂwdnps@ﬁ The size and
and 97 of chamber 80 also is important (Fle. 10).
Shaft 120 on the left side (Fis. 1) of the system extends into hub 140'0n the
end 142 of inner housing half:52 as best shown in Fic. 9. A bearing 146 permits rotation
of the hub 140 (and the Inner housing 50) about the axis of rotation 132. Similarly, as
“best shownsin FiG. 10, shaft 122 on the right side of the system extends into inner
holmnghub'MB Abearmg‘lszpermrts rotation of the. hub 148 about the axis of rota-
tion. Bearings 146 {Fig. 9) and 152 (FiG. 10). are ball bearings in the exemplary em-
" bodiment; but those skilied in‘the: art may substitute other bearings such as magnetic
bearings. Any bearings should be long-lived and have no corrosion. The: size and
weight of the system and the rotational velocity of the inner hotising 50 will influence the
choice of bearings.
" A motor 160 rofates the inner housing 50 by beft, chairi or gear diive (Fic. 1) in
the exemplary embodiment, The motor mounts on the outside of the right-side end cap
90. As Fic. 10 also shows, the motor extends inside the outer housing 30. Boih end
caps 90 have struciure 168 (Fic. 4) for mounting the motor so that ihe end caps can be
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of the systemand the rotational velocity of the inner housing 50 MEB 2003
i nfl uence the choice of bearings. A notor 160 rotates the inner housing 50
by belt, chain or gear drive (FIG 1 the exenplary enbodi ment, The notor
nounts on the outside of the right-side end 90. As FtG 10 al so shows, the
not or ext e%g I nside the outer housing 80. Both end p@Eage1/21have structure
- 168 F‘W%‘m % or nounti ng the notor so that the end caps can be -14 8 IL b
J SUBSTI TUTE SHEET (RULE 26) 8 FLED 21105 WD 02/ 05420 PCTII1S01122715
identical to-save on fabrication costs. However, the system uses only one
nmotor 160, and it nounts on the right-side -end cap. Applicants
contenplate that a very small notor will supply all the rotational en- ergy
t O T Ofitinficdl REsdvevaifaliivatiorngsts. Buetves, thesyatera siess oy pnewoter 188, wat t s of
continual The sigze .of notor Wl vary with the size of the system and
the n@ABl I""B'f"s%’gﬁ ‘5"% M BPy ric notor is very efficient and is easily
control | ed adpliéants eonternpibiedhdt @rvery smmlrmotelt will supply pbtherctationsdenavai | abl e

fromautilit thesstemc fr jicity from

sol ar ‘ﬂﬁnﬁf‘g’@éﬁ“ 5‘89 “ﬁh%"lﬁt?u'ﬁ% ses &me@g% eéfec@e@g{? for the entire

wat er pHRet. mmmwwmmwmmwmm@wmammmwwenpl ary

enbodl rrent the t 60 dri ‘i?‘% bel | 166.

The b&hgls %‘g‘?‘ﬁ'ﬂs &%ﬁe@ﬂ%ﬁgaroﬁ% ﬁ%‘“% on the ri ght

si de aimdrfwmw mmaowﬁlmtmlmmawwpesWMe a belt

drive for it | Cl Adlrect

chai n%mﬂ%”"bwﬁs ﬁ%mgﬁ?ﬂﬁ@%ﬁé iﬁeb%?%‘d? speed of the

Ot Or vigs dericvablecdnargysfor e antire svater seclamafionsystens2 and 164 affect the

rotational el qci.t riidraebignbesae that for a
i iy i RS ExclfffnUnneidimetiths et 10D

smal | .syst 1 and, other related figures (e.g,

about pRig-162) wiiely jirivestacbeait 466, Thedeedti wgu@hm ansiiay 464;eround e 00 rpm

whi ch P&QWHM Nelck. Pfa drean ﬁgﬂtsg[se tlanuid and Mass
"Fl ow, 1@%’?%&%%"?% nters tst?eﬂg stem from h\?ﬂ ht aSI e Gl
throuMﬁﬁQ@MMWﬁ“ﬂ'%VHﬁhmﬂﬁdw g i% ‘hi n shaft
122. Malsomuldbewed Themdpuispeedofmemotorandmerelahved;ameiersof

- pulleys 162 and 164 affect the rotational velocity of the inner housing 50. Applicants
anticipate that for a smalt system such as that shown in Fic.1 and other related figures
(e.g., about 350 gallday), the-inner housing should rotate at about 1,000 rpm, which
generates g-forces on the outer-most shell of roughly 500 g’s.
Fluid and Mass Flow: Contaminated fluid enters the system from the right side
(Fi. 3) through inlet tube 170. {Fies. 1 and 10). The inlet tube is within shaft 122. The
upstreanm end 172 of inlet tube 170 is stationary and connecis to a source of brine or
other contaminated Bquid. The downstream end 174 of the tube, however, rotates with
ihe rolation of the inner housing 50. Therefore, a seal (not shown) is necessary be-
tween the upsiream and downélmamends of the inlei tube 170. The seal can beouk
side the vactium chamber 80, inside the hub 97 of the chamber or inside the chamber.
The downsiream end 174 of the inlet tube terminates into several branches.
The exemplary embodiment has three such branches 180, 182 and 134. See Fic.5n.
particular. The number of branches may vary depending on the angular velocity, the
size of the shell housing and the number of shells. Each branch has several injec-
tors—four 186, 188, 190 and 192 in the exemplary embodiment for each branch. See )
Fic. 5. The exemplary embodiment uses four injectors per branch because each injec-
tor aligns with one of the boiling or vapor chambers such as chamber 38 {(FG. 1). The
exemplary embodiment has four such chambers.
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upstreamend 172 of Wet tube 170 is stationary and connects to a tsQufgg 2fi’
brine other cordanirk-ded liquid. The downstreamend 174 of the tube,
however, rotates with the rotation of the inner housing 50. Therefore, a
seal (not shown) is necessary be- tween the upstream and downstream ends of
t he inkﬁ% }0@3 170. The seal can be out side the vaceewwsphvarvieer 80, inside
t he hub 0? of the chanber or inside the The downstreamend 174 of the
inlet tube term nates into several branches. exenplary enbodi nent has

t hree such branches 180,182 and 184. See Fe_ 5 in The nunber of branches
may vary dependi ng on the angul ar velocity, the size of the shell housing
and the nunber of shells. Each branch has several injec four 186, 188, 190
and 192 in Chataminatyl limmid flews daitbe inidt dubeethicrvgh eseah intasthe bppnghes,.  The

exenpl gry odj Jxent |1 - DEH ach injec- tor
al i gns '?ﬁ%@?ﬂ’%ﬂ%@ﬁ@ﬁg‘éﬁb@gﬁg{ﬁt aﬁﬁ%‘?gﬁgﬂ%h asH‘ci’ﬁgﬁber 38 (FIG
1) . Theiingxaambes,ye.gntenibes 88. Treighoeiodiy thationoftherbranches crealesT) TUTE SHEET

(RULE 26 02/ 05920, F ﬁgigé ColHed Wi ieklofi ididnkews fromthe.

i nl et Q%Y‘??%ﬁﬁt?%%{%ﬂ n oaﬁﬁﬁﬁr_a}nc ?srtﬂ%gegﬁoh 182 and 184 and then

t hr ougont ive aiisjof eitation 1826Corseauentigoeash injaciar reaychave EJloWESINERN 1 ng chanber s,

e.g., ch er 38 % m’ _g_P ¥§| ' Lo er haRl, WheRteamncr eates a head

of pré?é?ng’%" contant na erg(aﬁﬁqéw ?ﬁa‘ﬁa\l;a_%{ es wth the jinjectors'

di st ansminafeddiquit einjexied ind6. thedwiling chamber, thesaatafigelforcs froauPtpo| ect or may

have a flow pestri et Qﬂ%g - {5 8f e SRSIAE Bichisepeces. On the

ot her Waf{ﬁ'eﬁ"'ﬂi%}a‘m {%ﬁiﬂnj e t"fééd)ﬁ'isntq t he boiljng, chanber, the

cent r ighesallthé nwoe-faciog wall fatheoirom Shecatisef rataion is orsaten b B8RP nat ed 1i quid

-y along _they 1 nshde of il - RGaaSRs hitfe camtaminaledigaiofieci ng wal |

: farth(?rsr}?’!’%’ﬁhe axtiotst%?ﬁ%]’?tuaftaﬁg%r | S_greater thag?{ he_rrger ea of ~a simlar
val | mm-mm—ﬁmmmmammma&&mw S%p ’&‘?ﬁ"r{%ﬂ nated |i quid
to yiﬂrﬁ &ﬁ[ﬁ{@éﬁl&é adihdtaBlé Bhdek B6mputeHeuiishokiconias td yocalistdorf f ect s 1 ow

rates. ﬁozzb_es or flow controls cgn be adj ustabl e under conputer

f eedbsbanaigeadiiops account for changi ng conditions. Because the

cont ani nat egbdalxeeling dohtaffindteiViqaids atiow, pressareg gnérgy fromithe sedlwalnal | t he

liquid to boils at the tow tenperature; As dis - reyvi ly, the thin
film Wi%'@%ﬂ%‘ﬁ@h‘?’em%’ E@&'ﬁﬁ L %ulsﬁ?‘%é@%gsr@ ﬂg%{h].mk%’ont ami nat ed
i qui e dfces Bhhancedoting | Somriofdhe gordaninatediiguid degemedus

ol ec l\J.rg';(iosr-’. .,O ur}%lamg%rla?é’dsgaseousmolm In conventional bollers,
some contaminates vaporize or are mechanically thrown off asjsolids and become: part
of the distillate. The g fo;.'ces acting on the contaminates in the present invention pre-
vent the heavier molecules to vaporize or leave the film of contaminated liguid. Conse-
quently, the condensed water is purer than one could obiain with conventional boilers.
and condensers and likely will not contain bacteria, viruses, organic molecules or met-

. ais. The system should develop sufficient g forces; therefore, viruses should not exit *

Some contaminated liquid does not vaporize. Consequently, it becomrmre
concentrated with contaminanis. The high-g centrifugal force maintains this sludge or
concenirated contaminated liquid as a thin film on the inside surface of wall 40.

Before following the sludge, the flow of vapor is discussed. Annular walls 200,
202, 204 and 206 (F1c. 5) close the upstream end of the boiling chambers such as
chamber 36 (F1G. 2). The injectors 186, 188, 190 and 192 (Fic. 5) pass through the an-
nular walls, but the walls biock the flow of contaminated liquid, sludge or vapor back to
the upstream side of the boiling chambers. Thus, the contaminated liguid, sludge and
vapor move to the left in FiG. 1. '
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mat es vaporize or are nechanically thrown off as solids and becon]eapzitrr"zf8 oqj“
the distillate. The-g forces acting on the contamnates in the present

i nvention pre-- vent the heavier nolecules to vaporize or |eave the film of
contam nated liquid. Corte goently, the condensed water is purer than one
coul d obtain with conventional boilers. and |ikely wddpdaoba7gPnt ain

bact er WQ 02{p%8ses, organic nol ecules or net ats. The. system shoul d devel op
sufficient g forces; therefore, viruses should not exit wth the water
vapor. contam nated |iquid does not vaporize. Consequently, it beconmes nore
concentrated with contam nants. The high-g centrifugal force nmaintains this
sludge or contamnated liquid as a thin filmon the inside surface of wall
40. Before Afdrlto rbﬁ%tﬁé&dﬂ%treﬁ:h%rdeldfmwtioiIMQrmbambmdlieﬂsmlemd Annul ar

wal | s 200, 202,204 and 206 (Fc. Iose he u t he boiling
chanbdi@ Jirg aamber 3B comps &TSP draf'ﬁe PR t%’?%%%gwﬁ%é)r 190 and 192
(Fie. b‘é)mpgzglnﬁwﬂﬁhoﬁmn@ﬁ-l\)amurhbewi:iseomt;hrevyhbwpiessm i | owf of ) _
contam nated |i qui u or hack to t e of the

boi | i W%N’Mr%‘afﬁ'?‘ﬁ] ﬁa%@zg g‘ﬁ’?’?ﬁ daneiif %’"gpﬁobgggg]ﬁgégbr nove to the
left igapFtc. 1. -16 SUBSTI TUTE SHEET (RULE 26 CVO 02/ 05920 PCT/ Ul SO1/ 22715
After the vapor eX|tst e do re %mers (left
side in Fibefp Eﬁﬁgﬁ&f‘)ﬁ@@"qgaé’gﬁlﬁ %’5@% 2%%"%“&/\5 t he vapor.
Chanbgyie Wm%%asiwlm @hith abnneshio mad raates thedentfigmdah. lwvacuum because

?Emfe?e L SHEREY SO e o i Pl e PRI e SB0es TP, %0,

of. tcaﬁsm.ghsa séfied dfdarshiadds. Tisefanmolatel.i m Adsaqiohoemtotﬂw wiatepor 222

routes. t_224 ich ec &J,%g,qm@ & In
the e®b %ﬁ% Jﬁ%ﬂ%@ﬁ?"eﬁﬁ'&% *r?ﬁ g&s%' a 5| ng sta%e ut 1t coul d have

mul t i phguisk MoRentdng intthe exemplary emblodingent, \appicantshelievedhatasmalbs in a

di rect n _co E!ﬁh‘ﬁ ‘be ProVididbdwéen the fan aids
shel | “%?%‘ff“gﬁ’r?ﬁ? é#}%gﬁserva I on t‘)"? m)rren E% I'n the exenpl ary

enmbod mmmmmmubmm otﬂ@tfaraasdwﬁnelmofﬁﬁﬁ ghosgpgo povidgithe ¢ ant {0

drive n g%“i %%%MM Wdand t he shaft
224. fﬂbﬁmze 0 ?& ﬂg h notor 1S chosen to mount of

i d
conpr essi onmmmf@mzaaan@ pelepoh dugh 2B being Jﬁgﬂ% ﬁ"‘; processed. The
vapor Tﬂé'sh%ét?ﬁ%é gﬁbct%ﬁ Qiéad dea}&me@swwha% ebc&hkb adumembm (Figs- 1--4)_

;—2% :mwhap y megxgn&énw%m%oglmeng%% (rilgrq';e er élg qeiato ﬂleh(ﬁnci a exit to
the fan is 5.6 (14.2 cm) and the diameter at the outlet is 4.8 in (12.2 cm), a 1:0.73 ra-
fio. The operating cenditions including the ambient temperature and actual contami-
nated liquid affect these ratios. Any adjustments should act within the fan’s efiiciency

. goals; -

Retuming to-the description of the boiler and condenser process, the fan _

. slightly compresses ihe vaporfrom the boiling surfaces, whlch causes adnabarhc healing .
of the vapor. The-amount of heating should be less than 6° F (3° C). The slightly heated
vapor then flows out the right side-of duct 226 (Fic. 1) and into the condensing cham-
bers such as chamber 38. There, the vapor encounters the outside surface of shell 32.
When the contaminated liquid boils on the inner surface of shell 32, heat energy from
the shell transfers 1o the contaminated liquid. Accordingly, the shell wall cools. When
the slightly pressusized and warmer vapor strikes the cool shell wall, it condenses.

The high g forces throw the condensed liguid immediately off wall 34 and
against wall 32. In fact, the high g forces throw off even the smallest drops of conden-
sate. Consequently, the condensing surface retains no condensate to interfere with
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pressure ratios. In the exenplary enbodi nent, the diameter of tHe§i REBt 2008
the duct at the fan is 5.6 in (14.2 cn) and the dianmeter at-the outlet is
4.8 in (122 cm, a 1:0.73 ra-- tio. The operating conditions including the
anbi ent tenperature and actual contam - nated liquid affect these rati os.
Any ad] S‘B%&?S should act within the fan's efficiengyrfaiiinsng to the
descrljﬁ‘f the boiler and condenser process, the fan slightly
conpresses the vapor fromthe boiling surfaces, which causes adi abatic
heati ng - of. the vapor. The anmpunt of heating should be less than 6 F (3 O).
The slightly heated vapor then flows out the right side of duct 226 (Fie.
1) and into the condensing charm bers such as chanber 38. There, the vapor

encoumédwmﬁ@h&emmmmmomemmm “tlean’condensngat ed | i qui d

boils. on the_inner surface Ofd sh . heat energy fr the shell
t r ansfviace. phiohoregiiyimpsoves ¢af 'af Accord| ngly, the shell wall cools. W
the slightl m@m&aﬁ%@%nwmgmnemwmm cdmensmclmnersha | wall, it

cond The h| forces ndensed UId | off wal | 34
and oWEPAS q”‘ﬁamf’?f%a “’Eﬁ% ﬁfcghm‘ffsf ‘r pr}g& 131} even the

SmtEII !' mmgt Re i oY syo h 1270,'11%%‘;@% ‘F’L[Ec‘éa) VO
retains ng cangens 0 |E - -
02/ 059bpiep ??Y'g % éﬁs I'on apor, erefore,
encour}é@é&nﬁwwﬂmdmmmdgamnsg;masﬂmm Fihé slndas also rrgavwrpr oves
condensat i on n sa the outer shells of the

conderi@ Wm&f@%%ﬁlﬂm gg"%ﬁ%%‘%ﬁﬁ) " chanber 38. Centrifugal force
urges the prkege niimany ways ta colléchtheicbndens@leoandistappheation disgrasgSt he ri ght by
wal I's such 33 wal f higends (FIG 1)
of the"em %@Q%Wﬁ&%ﬁ%i&#1%ﬁ%gﬁ?im%ﬁr col - lects on
the | efﬂﬁsadwdhn&ﬁeﬂm@dtnleﬂgF@héM@amﬂﬂﬁwl%ﬂa $2 0244115 §). udge al so

noves E;,@ez )éé}ﬂ e wdhgidm 36. There
are W@gggﬁg@ect %e con ensaﬁg and tmgs a Ilcatlon di scusses
ver al Mmﬂemdmbwman@‘méwa 56. Bieremplany ep thaséf*meas seen in

510 %W&Mwm%m (8. §Rs FRY 1 shibws, thelpuretwat@raches a wal |

. . Each wal | has ‘an tIet b 3’%@48 and 250
(Fi g. mmwmmﬂfﬂw@aﬁm the eefiacton i '3°'Eﬁ r to a

co: : eq,g@ Zg%usf Sog%éggiél 60ywetéb|:l ﬁdtuaenutfazlg N)That Bibe pabsdshese |

co ector tu es an % t pure water
from M B‘é"?gg@f@ M?’@%’eﬁﬁ@nt rifugal
for cea;,a mwfmamwmmmmm to tube 254

f)g:']'?l’ i f ugal hat Ubeii aESB'i)Fl éaﬁ%hr Ou%ggn% Séggﬁ{ gforg')ed O?Eﬁéﬁw °f romt e

and-outer shell 270:(Fs. 1). Nole that in the exemplary embodiment, shell 270 is ta-
pered with its larger diameter of about 14.2in (36.1 cm) on the right side of the shell.
When the pure: condensed liquid flows out of tube 254 and into the collector chamber,
centrifugal-force tends to cause the liquid o flow toward the larger dianieter end (right
side) of the shell 270. The right end of the-collector chamber is not blocked (Fiss. 1 and
5). Consequently, the-condensate flows off the end of shell 270 and into a trough 280.
The outside dimension of the trough is greater than the larger diameter of the shell 270.
Therefore, centrifugal force causes the condensate to pool circumferentially in the

A stationary dipper tube 286 extends from an open end 288 in the frough 230

o a fitling 200 at the hollow shaft 122. The dipper tube is fixed to the shaft and does not -
rotate with the inner housing 50. The open end 288 faces the direction of rotation of the
inner housing. Therefore, the pure condensate enters the open end at a high velocity

and tends to flow in the dipper tube from the open end toward the fitting and hollow

-~
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and 260 forces the pure water through tube 254 and into collector chanber
268. The col |l ector chanber 268 is the outermpst chanber- It is fogme@Bofil5
shell 40 and outershel 1270 (F)G_ 1). Note-that in the exenplary enbodi nent
shell 270 is ta- pered with its |larger dianmeter of about 14.2 in (36.1 cm
on the right side of the shell. Wen the pure condensed liquid flows out
of tube 254 and into the collector chanber, centrifugal force tends to
cause the liquid to flowtoward the larger diarrieter end (right side) of
the shell 270. The right end of the collector chanber is not blocked (FiGs.
1 and 5). Consequently, the condensate flows off the end of shell 270 and
into a trough 280. The outside dinension of the trough is greater than the
| arger diameter of the shell 27 Therefore, centrifugal force causes the
condensate to pool circunferentially in the A statianar ipper tube 286
Qe o st

ext endak THEdpPerantarls dgedBdadiitate firw of confignsaIBigWe 290 at the
hol | ovx shaft -122. The di pper tube is fixed to the shaft and does not
rotatefith the inner housi ng 50. The ‘o en e %g fac ;hhlae di rection of
rotation ofTHehemra]opmmgmenwgﬂﬁWW"@f@ é‘as"t‘ LR Sate enters the

open en 1 q'ﬁé{%eﬁtﬁléﬂenmrmem do pyrer frigbBesfrom t he
open é’Hg"@ @’WF&‘% Mﬁmﬁw } 18 SU@&J&I@ (RULE 2&) 6
shaf t mmmmmmwﬁe QPﬁrf’ 'ow of condensate toward

the hal g'g Ww eAmemgmn@emwmvmmsﬁm Si an X22 has a
er an the

| ar ger out si de di t { 170 (Fi G
" . Thatshght Kipeticilosspeei he sondpsatrfron '?%E‘ gﬁ%mtﬁ@ dg(ﬁ‘)&@%ctffﬁlgf the pure

cpnde%ﬁﬁ&ﬁg’,{c lt.,,-grough t he central openi ng vvhere it is collected at the
end o ow shaf gommﬁﬁwmanyattmsover cone
possi bl e Mwbxé’ﬁé‘@%%e f%%es on tHe con%ﬁg froq}&"ﬂal de the systemto
the fingejapemlel e@mﬁmmtmelauﬁusﬁh@lm:thﬁwé@% the sludge, i.e.,
t he- nof e congen t a6). Nbta iatithe Bhélls lalse tapeowithvihpor i zed, s
NOVi nm&e 4?& e. fﬂ&) al on thﬁ'EHaBSI d(%g%gwdﬁ@ kd fiowpf the boi | i ng
chanbm@bng!wowﬁieliem&a that the shells also
taperrg\ﬁ,ﬁ,@f{me n ha' ﬁh@ge%@@Wlemhéthbeiﬁalls.émj@mml@@ugal force,

ore, causes the

there sl udde m&ﬁer&rﬂﬁlt}tﬁl h 300/\centritugal sl udge reaches
the | dwowsthesiudge putuard H’b‘f’ gwﬁ ritugal fopce throws the sludge

OUt“’aWMMbMBMHHmeWW erential trough 300. Centrifugal

force causgs the cq W:ﬂlﬂf&wgﬁd Mﬁn&rﬁskurrﬁlatghﬂ\emﬂmrdbpemary di pper tube

302 for thd* PO I's simlar toth oo b 4be 286 for the
pur e mmmmmmmr@mrﬁ'ﬁffeﬁ@ﬁ%ﬂbe ﬁb S{)u% 300 to a 306

at t hghobhow walVahbw Yodh 1261(Gs. 1landioy T8 dlpﬁ'et@wqﬂgghopgg‘gl D2 ol so daes not
rotate with the inner housing 50. The open end 304 faces the direction of rotation of the
inner housing so that the sludge enters the open end at a high velocity and fiows 1o-.
ward the fitling 306 and hollow shaft 120 (Fi6. 9). The dipper tube is shaped to facilitate
flow of condensate toward the hollow shaft.

As Fi6. 9 shows, fitting 306 has an .
the dipper tube 302. One or more bores 410 extend from the annular grove into the

center 312 of the hollow shaft 120. Center 3M2is ﬁxed to end cap 84; it does not rotate.
Sludge flows though the center of the shaft where it is collected.

The shells taper in the exemplary embodiment so that centrifugal force acting
on the liquid enhances the fluid flow toward the larger diameter end. Altematively, the
shells may be cylindrical. Fluid still would flow with cylindrical walls. Because the con-
taminated liquid forms a thin film on the boiler walls {e.g., the inside of outer wall 40
(Fic. 1)), as more contaminated liquid is injected into one end of the shell, the g forces

create a thin, even liquid level. That causes liquid to flow toward the opposite end of the
the liquid level even. Infact, the g forces should be suffi-

annuiar groove 308 that communicates with

shell wall, in a sense making
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rotate with the inner housing 50. The open end 304 faces the di re1ctﬂi gr‘l‘:Bo?g“*
rotation of the housing so that the sludge enters the open end at a high
velocity and flows to- ward the fitting 306 And hol |l ow shaft 120 (FIG 9).
The di pper tube is shaped to facilitate flow of condensate toward the

hol | O\A?@Q?]Mym As FIG 9 shows, fitting 306 has an angghgpigrsove 308 that
conmun with the dipper tube 302. One or nore bores 310 extend from

the annul ar grove into the center 312 of the hollow shaft 120. Center 312
is fixed to end cap 84; it does not rotate. Sludge flows though the center
of the shaft where it is collected. The shells taper in the exenplary
enbodi nent so that centrifugal force acting on the |iquid enhances the

f 1 ui d clehbtyy canswliehict b doapgrard aloraytbe eeil eveh if iINotsbeakist are topntediverti-shel | s may be

cylindrjc ui, d .st AT%e) ecause the
con- "'ﬁ(ﬁﬁ't\ﬁl' rf)iﬂhﬂ'% H?Wﬁw'%%gbﬁ%w}%& I ecgﬁul)@'s ?e. g., the

I nsi dma?fenﬁbﬁ&rnu‘gﬂnbn é0sludge|downiiid, alarg the beiler wall snitrcan owloffdee d i s i nj ect ed
-into n end e I the g forces <create a thin, even liquid |evel.
That P’Iqﬁcgsf%n%% efar d the opposite end of the shell wall, in a
sense makl mgst1lae‘;hbwqh0\dmm/:a+steamnaaxnsfaaray;:artmewgcbuvwﬂzhbul d be suffi
-19 1 8 FEB WD.02 C Sﬁra&fkn{lﬁﬁiﬁéo fl ow upward
al onggfm Mgﬁ?ﬁ&w&fgéﬁéﬁhunkﬁ%éﬁél al'ly (1 , verti cal
axi s gks #ehd0ifop. 18pPx 8 5dh(26:m). ﬁhﬂa@yl&mdhdm!swommm%unti ng nmay
enhance m ! ﬁaﬂﬁ% 't can flow
of f t HE™ Mﬁ“@ﬁfﬂ%ww%ﬁg ct I on ‘%ﬁ%@ gg‘ how thirty
syster@mm&ﬁlgdﬁrmqyﬂdﬁmmmﬂkcmw&ﬂ'mﬁqw&ﬁPﬂg t hat each

SySteWW%%}beﬁay 'S ghﬁT enoug to f|t on tmﬁgeéoo;t §r§n)1/

smal |mmmmmmMmes igeppgoted lopredueRds | ess than

3 ft &ﬁ%h%&ay&&?m%éyslenoan&heedsrwm That woul d
aIIow s ste to be tr to an energency l'ocation to nake potable water,

t r eat (35K PRWwet I|qU|d or for sone other use. Continuous output of this
exanpl e i s Hugebe n%ﬂar@ﬁﬁcg&hmtéﬂﬂam ;irbblem) of fresh

fotat a&fr-i@?ti‘%anége eﬁf%zg&‘pa b ee%&%ﬂs@aﬁ AT AR 85 " Appl i cant o
CONt exEphs §0.¥Sadih Tl midréWeightstiataiah encve phadreutniekantol ragkotlonpe shel | as-
the shelis is one way 1o balance the system. Sensors to measure balance and o con-
trol azimuth: placement of weights on a real time basis would maintain continuous bal-
ance and stability of shell assembly during normat operaﬁdn. '
 As the water from the:incoming:brine or contaminated liquid vaporizes, salts or
sludge: remain on the boiler surface of the shell (e.g., shell 40). Because of the low
' temperature atwhich the system of the present inventtion operates, heat will not cause
_chemical reactions of the contaminates. Siill, some sludge or salt may tend to collect on
the boiler surface. Furither; some incoming contaminated fluids may be quite viscous.
Similarly, meprocess may vaporize enough water from the contaminated fluid that the - |
resulting shudge s viscous. Accordingly, one or more high pressure spray nozzles direct
water at each boiler surface of the respective shells. Fic. 1 showsonesuchspraynoz—-
zle 320. The nozzles can-be aimed permanenﬂy, or computer control can aim the noz-
Zles, moving them 1o direct a pulsmg_spray against the wall as the wall rotates in front
of the nozzes. This pulse spray loosens sludge so that centrifugal force canies the
sludge to the left and off the end of the shells. In Fic. 1 ,‘the nozzle is on the left side of
the rotating shelis, but it can be on the right side. Alternatively, a single high pressure
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senbly 50. Placing two or nore wei ghts that can nove on ci rcun{ %rﬂi_g alns
tracks along the-shells is one way to bal ance-the system Sensors to
nmeasur e bal ance and to con.- trol azinmuth placenent of weights on a real
time basis would maintain continuous bal ance and stability of shell
assenbly during normal operation. As the water fromthe incom ng brine "or
contam nated |iquid vaporiz udge remain on the boiler surface of the shell
(e.g., shell 40). Because of the |ow tenperature at which the systemof the

present invention operates, heat w | aus. Ljsons of the
cont ani natzlesthat @ inbved redielly 08ja Jadia! teck g'é{]hfetbﬂi Eﬂ@?? 0 cg[{t?t{nggﬁ t he
bonersu%@:ﬁgﬂgﬁqﬁépﬁg,srﬁmmﬂﬁ&mmg contam nated fluids may be quite

Vi scous the process y vaporize enough water fromthe

contam nat edAﬁﬁlfdérﬁs biRipateltRat trasekaninggosdiestigmild speyate S8R noBdlor di ngl y, one

or nore high pressure spray nozz|e [ it ocBaidhaliiol Bdp sur face of
t he respraratiopof fgsystem. 'Ed red, Qe %ﬁ%zgﬁgﬁmd B?g}@/ﬁ%ozc{c bPO The nozzl es

can be eéc!jmﬂn@mbém;ﬂglﬁdwmeﬂowohmmmmg WNithU a&sarbeaﬁ“rﬂpﬁﬂe‘sh? zzl es, noving
ect

]E ?gnmt t Omta fion @"OH@ fE{L‘lfl T r}%ﬁ%%r qu&eﬂéa alﬁéb% e flowaFrobibe Wl didar et thées i n

|'oosens sl u entrifugal
force cateniasd rstceuecmldwdgleswbed hPeSm%'f'tVdfaH'dP pEmyIRtEr %%F%‘?"e{alt%ggi‘h'gﬁ l's. | ng

Fie. 1, Q&‘s teedduiddcdémgiieh tistask.ot ati ng shells, but it can
be on tﬁep‘& f%‘lﬂsdét%r%hterr natively, a single high pressure -20 SUBSTI TUTE

SHEET (RULE %ﬁgu F nbt sh%whgﬁenpml Ikt didndf thesbaiimgesdriacedtf i spelm sechy adi al  track

on the boiler exXit side o ot a btk the boiler
shel | s asishaltad? and $% maﬂﬁ‘ﬁl"? %a'h‘t argmH{a[@l pa%g tiﬁ(ateq‘taPL:-IQQ‘9 ﬁgglﬁﬁlﬂg ﬁ‘ﬁ zl es woul d
(o]

oper at eggufiy ﬁlghé?(ﬂ{dﬁ&he plarmmﬁafelgomfcbme thindilnsyAppligants| ntigfealp eV essor 220

coul d be stop ccasi ona YARMHafddNguidre@aibagottiajed d. The fl ow
of mco?ﬂerf'@'dIfF’WﬁP INERTNY ] J,r}{.n%)tgdﬁé‘ﬁi)orc Shel | ﬁr ot at | d conti nue,

however suc‘ﬁhﬁatltmmnadarsbumgéﬂwm@ﬂ'dfqecﬁwpérﬁtﬁﬁ]wﬂtﬁ%”tItréﬁf'?eeg?%[ “the shells

and is collected as described. A snal rau lerfgOUl d generate
squirts or e systerpmanbe é?s'%ﬂedé”!’ﬂ Hat aﬂ?‘égﬁf'léorq %EMQ‘%]%@W% @ﬁ this task.

Though ﬁiﬂn@‘émetb Ondbel cahibe skpdrites Rkidwodlsd tam dxisithe vaguan ChABRETOf  t he

shells ells 4 t annul ar dam at the
axi s enmfouﬂ‘?éh‘%i‘e{ﬁ‘l\%‘tj??}"sﬁ@ec@q‘?rgﬁqqdr Qﬁéﬁs? aﬁophe pl anned hei ght of the

thin film | i can ant . t rﬁm;ﬁémltﬁe §hetivs oOf
i nconi ng con ?ﬁ“ﬁﬁf’fe‘ge ana R%%eﬁgf(}ﬁ?ga\%\ﬂﬁglttg%hﬁ 0 I

Sg\ﬁéd Id bg %%Lgrolled
such t haén bémndaswmoamwalwmngdmn@%ﬁ Giaiple aaa" $ROlt the need
for a dag SJ 20 ToR 2%@%&% tﬁs clGsi GRBE angledtotiba aedplere‘dlsneldjﬁybﬂdma'or | eave

through8 elnlets and_out | Fl ui ds
al so cashelsican b extyses and ea sheirhed an MK e I%Ehc ﬁQtsQﬁo ; rrrgfdtgﬂg] cent er

cyl i ndr yed deSifet dnape. #ectibideposltion on a wax mandrel as a f nlshed part is Onother
fabrication technique.
Larger shells, such as a 5 ft diameter one, may require fabricatjon techniques to
keep costs down.

FIGS. 15 and 16 show one method for constructing cylindrical shells. Many nar
row slats 402 and 410 form shell 400. Each slat has a main wall 408, 416 and an a pair of

inwardly extending side webs 404 and 406 412 and 414 (F1G. 16). Main walls 402 and 416

may be curved as shown, or they may be planar. The slats may be extruded, rolled or

formed using other metal working techniques. The webs also add strength to the shell,

which may be important for larger diameter shells. They also channel the fluid

longitudinally along the shell walls. The slats are welded or cemented together along the

webs. Because it is important to maintain pressure differences between the boiling
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Because of the small dianeter of the shells in the Fig. | enbodiin8ntEBt By
shells can be fornmed using conventional form ng techniques. Stainless
steel shells can be edge- welded to forma cylinder, or the edges can be
angled to forma tapered shell. Cylindrical shells can be extruded and

t hen s%&g%{%d on a mandrel. Plastic shells woul d becmkseedrisn their
desire ape. Electro-deposition on a wax mandrel as a finished part is
anot her fabrication technique. Larger shells, such as a 5 ft dianeter one,
may require fabricatjon techniques to keep costs down. FIGS. 15 and 16
show one nmethod for constructing cylindrical shells. Many nar row slats
402 and 410 form shell 400. -Each slat has a main wall 408, 416 and an a
pai r aﬁdwﬂmasndgyhmmmalﬁﬁd@mﬁﬂsmn&seaﬁﬂew@sml&mmﬂ (FIG 186).

Mai n 02 and pl anar. The

ol at s L D8 S ol el ol s HEEHRNES: RRG40meonts Ry oty e, P 2

t echnieakgght. The webs al so add_strength to the sheII V\/m ch may be

i mportant f er dla | ui d

| ongi t udi nﬁ?ﬁbﬁ?ﬁgﬁﬁ‘ﬁ? "The FE&%'WS“WHF% S are ?)J; cenment ed

t oget haentg Wkgaﬁhbrmsge@mammbenoflsﬁtﬁmﬁ{m ﬂ‘@“’i@l‘ﬁf%ﬁcﬂ pressure

differe S ?gg';m &fﬁa [\ 2] 0 PCT/ USO t

122713'%%” ﬁﬁ’dﬁr@? &%ﬁ ers an '};gg'l tgldbtkws]a,\?lust s??l t he webs

Wi t hommwmm@mmwbeﬂmwﬁ& FRMcipmaier. TP EF abl e as | ong

as the Lolnts gﬁ%.%fo%r.é”ir;?ﬂgﬂarﬁeé d&tWouldBts6. 155k bhsbdub e.88hel | s from sl ats
C er

aIIo I'f'cu nce ‘and conse- quentl t he di ter to change as
t he n{ditBemphide] Deweasing the creprierence Ry thalamoust beioppng shel Wit g1 The nhei ght

2285%%6r "?ﬁ’at ﬁ%ﬁat Sﬁhﬁfnféhras a qssm’ %‘ggﬁgida h'e?r?lgell and

cunf eﬂ&a&bm}t’ﬂweﬂ@ﬁ@wﬂ'@eﬂse?fqmw ORy S Odﬁag 0.155 ft or

about 113§.9 %RG%,J PackbEfvechaRs shiohid Weuld be oné-hakitibedistanee by t hat anount -
a Wt h onefewer sl.at would r ﬁJﬁalna i rcunference of

15 5 ahouq 7an -8 s As e shells gt RIPITES RTQWES . t he
Ci rcuw;,a | Bbnsdqadilylspiiding) chay esJaétsroeammdtdimehsbrmwmueft (1.3 in,
3.3 c es The space b t ween t e.s eI I s V\/oukeckmb@. %@alf t hat

pro

di st aprewdes for thestheliy closer s ghyo ﬁ%mg%"ﬁa Fessively
narrower, {Fgemdi éﬂé&muwoﬂmmnbmoﬁsmmtmwmdm@fe@ﬁ%ﬁﬁes Sl ats of

of 1 o ﬁ%‘@@%ﬁé@@&@gﬁw‘%ﬁmge%ﬁ?ﬁ% BESAE G sCussion. e

nunbeghadbe i SPatingat adjaceant shells. Ailicints alea selicigate having far fewer
and having the same number of slats of slighly different sizes for each different shell
diameier: Webs such as webs 404, 406, 412 and 414 (Fic. 16) could be provided for
_ added strength.

Other sheli-forming techniques are also contemplated. One could form a shell
of one piece by placing a: <heet of stainless steel, aluminum or other suitable matena!
aromdarmndrelandwekﬁngiheedgestogeher Using a continuous roll of metal
would lower costs. Because of the thinness of the material, however, that technique
may prove difficult even if the shell can form properly. '

K a tapered shell is warranted, Fic. 17 shows one way to make such shells.
Sheet 420 is stainless steel, aluminiim or anciher conductive material and is cut into
the shape shown in the figure. The shape is exaggerated in Fig. 17 to show the con-
cept. The sheet is wrapped around a conical mandrel with edges 422 and 424 buited
together and welded. The welded sheet forms a conical or apered shape. The degree
of taper varies with angle 426. A smaller angle yields a gentler taper thana jarger angle
yields.
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cal cul ation. The nunber of slats and their w dths could change tLg ﬁrmag de' a
desired in spacing of adjacent shells. Applicants al so anti ci pati® “havi ng
far fewer slats and having the same nunber of slats of slightly different

sizes for each different shell dianmeter. Wbs such as webs 404, 406, 412
and 414 (FiG 16) could be provided for added strength. O her
shell -form ng techniques are also contenplated. One could forma shell one

pi ece by placing a sheet of stainless steel, alumnumor other suitable

mat eri al ound a nandrel and wel di ng t he e 0 a conti nuous
rol | of netaThusookhe Aiguwembestipent, tB%E‘é’ﬁ%?%g fel’fL c?ﬁﬁ%ﬁ g ofg ﬂaﬁe mat eri al ,

howeveran(i:]tn‘]@%mdd;@%u&ﬁs%(rﬁh&iéﬂ\’ﬁd% Ry BE pufe witer fiohsloverdherighd edggefdisSerty. 1f a

t apered”s rranted, Fie. 17 sho JBkRiscpurshel | s.
Sheet Ag@lliits namantineealries iHiBio PUER rt[ﬂlﬁg%? ﬁwayghduct Ve I!r;rl;;t erial and

I's cut \hﬁkmﬁmﬁné . alvaws (ionstidwe) fni tyeiwail oftteegk ABpallons theaig ¥Rl ed in Fig.

cages sedensut o trveh suSiatienils SEAERE SR a9 o pantadornemdr o) 1 ]

ded %ﬁ g fornms a
coni cal c&ﬁerbﬁmar@dséchapm Héveevee recenisifucpipee 39‘6{7‘-’4 ‘ﬁ"sth Yigh withy rbe 426. A

smal | er angl.s dsrd | PeckeR 1 @Utlet BE(F(HS 1), /22 SUBSTI TUTE
SHEET (tlf{w‘g cgtge?ﬁt?spur? ngt[%ﬂlto E"leé %H@ft tﬂe‘ﬁaéldt tgeltle 2

nbodj ment | ects on
the ri ghimpsindesheive) ¢\srcorr@n¢hetm@8§le&9‘£féefé'é| hetyeen ‘E?‘i" ﬁ%’ |‘¥ﬂ”e‘é?'§§e% As the
pure wate am% NSir PM"%HE BRd 5u,g£§th§ﬁﬁte weheriiits outikt 282. Thatwaterosreeledt®fcarries it

into pu?'é rifu for I ter within
t he tr ofeghse. AV‘GH‘PWPt E"PRYf") m\ﬂ?? Pr’?"’t"ﬁ%d cPﬁO?IIDm?;rtg%mﬁagggMgﬁ Bélvg the pure

wat er Qte | ow out of the trough where it collects aI ong t he bottom 93 of
t he wal at forms the <center cylindrical section ver, the
centri fugal Aoheeluags fioves aver thadeffddge (FIG 2hafithe Hiells, t“iedﬂgfﬁe ‘é‘ﬂ§8”§f’y? he pure

water to coll ec d idl shidge &t [t@oing A pu
(hot " shiaaRdas BlaRtid Yoot pufe 2?%5‘?’3% Y '"@,f,wm wi thi

t ank 92.ntmmemm|ﬁmowewarpﬁh%m@'eamﬁ'ﬁﬁiﬁﬁ '???éyﬁﬁ%e’\kﬁ’g{‘;‘ggu‘w 0 outlet 282.
That wat,er oql%ghﬁ% 160%rd»)§gludé\\; vﬁlalcﬁ)lléﬂmtfosmemrpﬁﬁ\ﬁmmo be provi ded

f PO th
|§¥tC§3geswzethgylusse rkisinepts 16 ofeh 54, HRIHEmoed shilde el fles ihioa e OvEr the

tough 12Qnidh Y@btﬁtle@{uﬁeﬁﬂﬁﬁdﬂx&%tﬁ@)wbeslttlﬂwo“pptqtil d siudge through tubing
into outlet 194. The outlet and the ventricle pu are st.?élonary and do
not rotate V\Bmhmmrewberam thewsludae ealiectimthelr serpRCt giyou YYfdge into a

col | ect or |P Afﬁ t@PSFpsIu ég fHWR»t oPth8 HdUdHsZR6 chrit@lled tochgn tmdscuher ects it
i nto ouffebgloyne ¥Rk sl'udge then fTows into
level of water or sludge for mamtammg the vacuum within the system.

FIG. 18 shows another proposed collection system. In that embodiment, brine or
contaminated liquid enters the system from inlet 670. Tubes carry the liquid to injectors
686 and 688 (shown schematically). The branches that carry liquid from inlet 670 are not
shown in FIG. 18. Water in the boiling chamber (e.g., chamber 638) flows along wall 640
in a thin film where it is vaporized. The vapor then travels past fan 690 and into the
condensing chambers such as chamber 636. Pure water condenses and is flung radialy
as it exits the right side of the shells. Note that adjacent shells taper in different directions
in the FIG. 18 embodiment. Also, the left side of the condensing chambers (i.e., the boiler

exit side) are closed. Therefore, the condensate flows to the right in this embodiment.

The condensate then collects in a bowl-shaped collector 692. The bowl-shaped
collector has a trough-like annular ring 694 that tapers outward and together at 672 until it
curves again at 674 to close around inlet tube 670. An inner bowl 676 also does not rotate.

It forms a channel 678 between itself and the bowl-shaped collector 676. Pure
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mani fold 196, outlet tube 48 and outlet 50 where it is coll ect ed goédb@t he
pure water and the sludge collect in their respective troughs. 5

that allow the water or sludge to flow out of the troughs are control led to
mai ntain sonme |evel of water or sludge for maintaining the vacuum w thin
the system FIG 18 shows another proposed coll ecti ofSydieifs | N that
enbodlwgﬁfmsgﬁ?l ne or contamnated liquid enters the systemfrominlet 670.

‘Tubes carry the liquid to injectors 686 and 688 (shown schematically). The

branches that carry liquid frominlet 670 are not shown in FIG 18. Water
in the boiling chanber (e.g., chanber 638) flows along wall 640 in a thin
filmwhere it ig vaporized. The vapor then travels past fan 690 and into

the CQRAG oW heTORIGES 6f rSldBRY %Il%bmﬁm dﬂuémgmammomses and is
flung radlally as it exits the right, s Gi'ﬁ helli Wte t hat

adj acdh ringheha Pﬂﬁ‘@?%'ﬁl’?‘?’@?’ﬁ‘r‘ﬂ'%ﬂm tﬂe W a ‘?"H ﬁgnqé €2 Wi nhodi ment .
A 30) nttﬁﬁwﬁcﬁistmtg'dﬂxﬂem_rh 113 B@wlféha IIé@omw(e?m(Tbrﬁfbowrl]bhaﬂwl | er e>r<]it
side) are close eref ore, ensat e o the ri inthis
eimbodicpiiacior 69Randdteptipds the Sﬁtﬁ@ﬁ ‘%%P’F"gﬁ rganrﬁer%pkg%%atigwg %‘Hm%?l %8¢t or 692.
The b'ﬂ%&dIeﬁ%ﬁ@%@'ﬁeﬁ@bbmalsaﬁas'eldﬁwahtolmdmtdaauh@noﬁmts 94 t hat taperz
outward and _t oget her. at ti e ain o close aroun
inl et tube M908 mﬁ#g@?@' BPREE, H%}é’g%ﬁﬁ’q j{hgmfalﬁg orms a channel
678 bﬁ&mgjw ﬁ@énmwwzbmwmpadmlwamtmmmmzs 1 WO

O oot kS i A 1 B LAl P | v 9

D e N bowFsiRpelt mndmmeabmmhmmmﬁﬁagmz.mmmwm into outl et
671. Bo cql | ector .64 | ector 692,
&t ch9l &'Pg??%ré Wﬁf'ﬁeg‘?%ﬁ?i&&ﬁgﬁ\wﬁ%f’? )tllﬁ %yﬁ%er ng{ 642 on

t he | gif from fidoviref 18 provides a surface on which to nmount cl eani ng

‘nozzles W g gtym AR Rleasé &pr larger units.
The rotati réﬂ%ﬁgf as anognnuﬁéég@gegéglurroung ﬁ N et 670 and outl et

671. Mmmmmmm%dsgmseraqm@amm%hbaﬁﬁ -aPEre 656

e.xten?"ﬂ l!”‘\@g ﬁgﬁg%%ggm@ﬁ&l AN 131vRARA iRl 692 extends
into e annul ar rlng |nner h0|n 16 rotates at hi gh

vel octheibeiler surece arse@sshowe i Enustian (G Prg 'dj?"ﬂﬁeefeﬁ%'F%%ftg%‘é{P P f | owi ng past
'cénLL%ﬁ%Q'é?ﬁ%‘e*ﬁ%@%g&?@‘f%ﬁ“%ﬁ"?ﬁ&%@ﬁg O 0 e and st
be cowall ewfase: Forefigant packaging and pravid WWV\%?’ n}’ﬁ ﬁ?’?‘f‘jproport i onal
to t 3&@%%%%& cOHRASHE 16 BOvshceniric Relie witrsil)sep@ationsni que f eat ure
of t hm irhepr)t{ gz?d with decreasing radii inside one large cylindrical container, repre-
sents the best space saving layout. The analysis that follows presents relations that -
compute the-total surface area of the combined boiler and condenser surfaces for one:
embodmem of the present invention. These relations predlctmeweaghtand costofihe
system and the otitput flow performance. -
- The: apphication:has discussed three adjacent, conoenmc shells such as shells
32, 34:-and 40 (6. 1). Ancther way of considering the shells is to think of them as pairs
" having a boiler and condenser shell. Thus, the system has a set of boiler shells and'a
set of condenser shelis. One of the boiler shells and the adjacent condenser shell form
- agroup pair about a common axis. The next boiler and condenser shell adjacent o the
first-mentioned pair, also form a pair about the same axis.
As Fi6s. 2 and 3 show, a fixed radial s_pacing'AR exisis between each shell. In
theory, the spacing can vary, but the exemplary embodiment provides fixed spacing.
The following relations compute the total area-of all boiler and condenser shells:
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ing systemof the present invention is that it uses a conmon boiler and
condenser wall surface. For efficient packagi ng and provi ded hl hf@ﬁ??ﬂﬁ&
transfer can be achieved, the boilers and condensers to be concentrlc
shells with small separations between themand with decreasing radii inside
one large cylindrical container, repre- sen s the b savi ng | ayout.
The anﬁgV§@éthat fol | ows presents Pelatlons t hat @@ﬁ%ﬂﬁ@ﬁﬁte totgl g
surface area of the conbi ned boil er and condenser surfaces for one

enbodi nent of the present invention. These relations predict the weight and

cost of She system and the output flow performance. The application has
di scussed three adjacent, concentric shells such as shells 32, 34. and 40

(Fic. 1) Anot her way of considering the shgll$ is to think of them as
pairs ENGLY GJ ) +agrdengde 2elibk - Y RS, the system h@dl)a set of
boi | er s ells an set of condenser shel li& Ine of the boiler shells and

t he adj acen ondenser I n axis. The
next boil er E%@W&é’ﬂ@?g‘tﬁ‘ﬁﬁ%ﬁﬁ%@ﬁfﬁ ?ﬂ%ns?ﬁ%l‘iéﬁsegﬁérg ed pair, also
forma H(R@b(mt the sane axis. As FiGs. 2 and 3 show, a fi xeﬁbaz,adi al
spaci nd‘P ?@emﬂst et ween each shell. In the spacing can vary, t the

exenpl ary enbod r oV The followi ng relations conpute the
total area 8?"35"?'358?'? ‘hﬁ(ﬁ’?‘%‘ E%@@g’"ﬁ’hel |'s -24 FE) 2005 SUBSTI TUTE SHEET
(RULE 26% 18 FinRer’and@ufb? shEIRadi; i) =2~ L~R~. - 2~r |, ~Rl +R2+R~+. .. {11b)

PCT/USO /22715 In this expression N is the nunber of boil er azﬁcgondenser

shel | s%ﬂwwmﬂ’r@?’f’%l? This expression has th | | owi ng
defi ni HDWWH @aer and outer shell radii; (ft)(1l1lb) (Hey

Separatl on between each shell; (inches)(1'tc) R = Radi us of e?c&)shell i;

(ft)(lLd%Lmtﬁeﬁgbﬂlsdﬁ)-all sheIIs (ft).(11le)
D&wvgtheentwesyslemtohaveacommonseparahonARbetweeneam

shell minimizes producton costs and maximizes output flow capacity. The following re-
'Jations exist between the shell radius of the “I” shell and the sheli separation AR:
R,=R +AR/12

R,=R +AR/12=R +2AR/12

R,=R+AR/12=R +3AR/12

R=R_,+AR/12=R+(i—1)AR/12; i=2,N

Therefore, from equations (11) and (12) above, the sum ofmeradmsgwenby'

ZRl 21?,4-2(; 1 ) (V- 1)ﬂ+2(: 1)( ) | _ (13)

The second sum term in equation (13) |s-evaluated incorporating the following

(12)

terms: _
v i— D — =] — [1+233+. . +(N-3)+(N-2)+(N-1)]. (14)
Soo5)-(%) (N-3)+ (V-2 + (VD] | .
In the summation algorithm, each inner- and outer-most term adds up to N,
and thiere are (N —1)/ 2 of those terms as shown:
i+(N—#). ) (14a)
R ‘ -

—i
3H{3)
2:{N-2)
RV

Therefore, the sumgiven by equation (14) is:

:—2(1 I{M) (Nz 1)( 12) _ | (15)
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the entire systemto have a conmon separati on AR between each s?ihdelFE
m ni mzes production costs and nmaxi m zes output flow capacity. - B 2005
following re exi st between the shell radius of the "P" shell and the shell
separation AR Rz = RE +,AR/ 12 R, =R, +AR/ 12=R, +2AR/ |2 R4=R

+AR/ 12=. A+3AR/ 12 A =R(R+e, R/ 12=4 +(i-1)OR/ 12; i =2, Npctasortbhmsefore, from
equat i M08 and (12) above, the sumof the radii is given by NN 1)Rt +
(i -1)1 1~ _ (13) i 2 The second sumtermin-equation (13) is eval uated

i ncorporating the following +2'+3+... +(N-3)+(N--2)+(N-1) In the sunmation
algorithm each inner- and outer-nost termadds up to Ny and there are
(N-1) / 2 of those terns as shown: i+(N 3 -(N--3) 2+(N-2) FE(N-1) (14)
(1l4a (15) ﬁ?@uﬁﬁ F5ahd (13Yitto euationr RéShe a6 60a0

PCT/ US01/ 22 ut ng equagﬁgjﬂs ?éli'B) aﬁg)?w) into equation (11)

gi ves Ml@t&d@ﬂm whitheadglsi er and condenser shells, which equal s:
12 (16) (17) ingth by -£1) A7 0, = Sumtotal of all the sheII {1ggs (ft)
(17a) zmwé %’3(’ radius (ft) (17b) RV = Quter hel |
radius (ft) (17¢&)

A,.,..=1m%f5l[(ny—&)+ﬁ]- (417)
i that equation, A, = Sumotal of all the shel areas (') (172)
'R, = Inner most shell radius {ft) ' (17b)
Ry = Outer most shell radius () : {17¢c)
AR = Separation between shells (inches) : . (17d)
N = Number of boiler shelis’ - {17e)

The weight of the boiler and- condenser shells can be deterrmned from their
known weight density, shell thickness ¢ and surface area Ap,,- The weight is given by:

Woaetr =Porett V= Pubett 1 Arosas 144 (18)
Wepett = Posell :'z.asm.zv[Rl L Z 1) ﬁ] ' | (19)
W= e 1172851 BB (0, ). 2] (20)
ln these expmsé‘.ions Paen = Weight density of boiler/condenser shells (lbsﬁn3) (20a)
1= Shell thickness (inches). (20b)

Ene;gyReqwrementS'As discussed previously, the source of energy or heat-
reqwedforihe boil'mg and condensing process comes entirely from the vapor com-
pressor systen 220 The system is adjusted to operate heara bomngwatervaporpr&c-
sure-thatis wmmenmrale with its-ambient’ terrmerature The proposed compressor
crealwapressmemodabout 1.05 1o 1.25 on the water vapor that is able to bodl at
ambient temperature conditions {~70°F or 21°C) about 0.5 psi {0.035 kg/om?) or less.
Consequently, the work done by the compressor is very low. See, e.g., Keenan, J.H.
and Keyes, F.G., “Thermodynamic Properties of Steam™ John Wiley & Sons, 1936, pp.
28-31. '

Though the Keenan and Keyes process envisions a piston-cylinder presswre
and volume change, conservation of energy makes the process general and applicable
10 all compressor designs. Onty the input and output thermodynamic states (pressures)
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AR = Separation between shells (inches) (17d) Nunber of boiler shells (17e)
(18) (19) The wei ght of the boil er and-condenser shells can be pgté{ﬁ&@ﬁﬁ
fromtheir - ht density, shell thickness t and surface area AT,,,,. The
weight is given by, 3 1In these expressions, p Wight density of

boi | er/ condenser shells (lbshn (20) (20a) t.= Shel lpdpss s). (20b)
Ener gyWRAH P nents : As di scussed previously, the gzurcgb%?hgnergy or heat
required for the boiling and condensi ng process cones entirely fromthe
vapor pressors 220.-The systemis adjusted to operate near a boiling water
vapor pr that is to with its anbient tenperature. The proposed conpressor a
"pressure ratio of about 1.05 to 1.25 on the water vapor that is able to
bol | ahdhesiectie GpeohineodMBmMic protss are idBssury Ripraicidoanerfy 5 psi (0. 035
kglcrr2) or less. tly, the work done by the conpressor is very |ow. See,
e.g., rRauRHeNSs .ﬁe%ﬁ'&"l(eyes E G, "Therrrodynanmic Properties of Steant

John W ey gegﬁqmgfr&nﬁ,@tpmplesZﬁme?:dilowTﬁm@usmbﬂptésenﬁaanandlyﬁspés process
envi si ons a piston-cylinder pressure g‘gind vol u chang& 8cons rvation of
C

ener gm@'ﬁﬁ%mw rfﬁlt"aﬂﬁﬁ‘ i PEOSBT ' & Sor designs.
Only Tﬂk@wbﬁt prbmdymaﬂmctb;smubn(@me-pm:em TUTE SHEET

(RULE 26 1 %%E' C5 02/ 5920 PCT/ USO ‘?-'“ gqﬁ! ; ecific type
of t hatibalG hﬁ?ﬂo %F’i’g]&g} € ener gy requi rements
of t heaswahy memmagﬂfermmpfesseﬂﬂmm Forieptie Syclehef thetdnmessprdi scussi on
presents anal wihe cc _ or the
di st ﬁ?ﬂ@?z Wﬁﬁ“ﬁ%%@'&h"gﬁgﬁ?? vvorE g ormed by the
conpr mmmmWMMWBMMQWMl&m abatic, i.e.,
no heat en rovm ’2'%% what is ied
by th@"'ﬁ?‘g ﬁ% essg% o%%w acﬁ cycl e t he
CONPr g, kinetic flow of the vaporand increased turbulent kmetlcﬂow Th%elossesare
minimized with the appropriate compressor desugn. Still, the inefficiency losses of the
compressor can still be applied 1o the end result to determine the approximate overall
energy requirements for this distiliation process.
. In general, the work or energy required to compressagas macyhnder by a
distance ds can bemmputed by noting that:

¥ 14

W= ]d!?*—jﬁ'ﬁ ijds jpdV {21)
5 5 4

in that equation, W = Work or energy of compression (fi-ibs) (2ta)

p= Gas pressire (bslﬂzj : {21b)

V— Gas volume: (ft )- (21(:)

The subscripts 1 and 2 in equation (21) refer to the two drffererﬁsiates ie., in-
put and output volumes-or positions. These volume states convert to pressure siates by
an adiabatic gas law transformation. In this case, the input pressure p, is the boiling
vapor pressure pp while the output pressure p, is the oonde;nsing-vapor pressure pe.
Sears, F. W. and Salinger, G. L., “Thermodynamics, Kinetic Theory, and Statistical
Thermodynamics™ 3rd Ed., Addison-Wesley 1975, pp. 108-109 described the govern-
ing equations. For adiabatic processes, the initial and final mermodynamlc siates are
related by the following constant condition:
W =p ¥ =pV" =K. (22)
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)

the rel ative amount of heat transferred to the conpressor and its

surroundi ngs pared to the anount of heat transferred to the fluidli® MBIX(
and decreases with in ased conpressor efficiency. Inefficiency | osses of

t he conpressor result in reduced |amnar kinetic flow of the vapor and

i ncr eaggdybadsgeul ent kinetic flow. These | osses are edTmisti2rise appropriate
conpressor design. Still, the inefficiency | osses of the conpressor can
still be applied to the end result to determ ne the approxi mate overall
energy requirenents for this distillation p in general, the work or energy
required to conpress a gas in a cylinder by a distance fis can be conputed

by noting that: (21) -71 in that eguation, W Work or energy. of conpression
(Tt -1 bs) (2 lahisrexpresgionpk dsaconstanhwlich sapbe 9‘*@'&9’ Wk%ﬁggﬁ%’% .(21c) The
subscri ot sl coicRiRL Aol otahlofimd, Tnb Bfipd wPsbcib seant st ates,
i.e_,“#%“ﬂﬁ!‘%agagou put® vo ugér:tgg%po'_% posoi tni} ons. These '%Igl ume states convert
t o prax<BTU/(btE)eThaspeaiic hbattraty pds deBedYansformation. In this case, the

I nput prgssure pj is ‘the boiling vapor pressure PB while the output '

pressyie®Z is the condensing vapor pressure Pe. Sears, F. W {Zid
Satingeréy G L, "Thernmodynam cs, Kinetic Theory, and Statistical

ThepT)ocam cs'. | ' reifibaivétiby: 108- 109, descri bed the
Mﬂ@sﬁé@ﬁﬁf&@evﬂﬁ?ﬂﬁdﬁeﬁas WordcuRY wéidibgivétiby:

govern- 1T Ng équatl ons. adi abatic processes, the initial and final

t her € Skates ar el5#e| ot ed by the follow ng constant cof(@#)tion:
Vi 7:Py5%2i7§'§(/?:|<-'9( X Maletulay BeIghTUTE SHEET (RULE 26) 1 8 FEB ,[ ~~ .ti WD

02/ 95920 PCl .1 U ishifle bbet ? .gaw’ with uRiPoI{PRBSFFLYNI ch can be
el i m nat ed,"’%&f%ﬁ@sr@?l 0O O )%%eél I c heats at cons_'t a_r_l)t)hpressure to

const 7w worklidone by Fescompiressof @ the fuidican besemputed by pegiaring hepyle- The

P2 Sl s 20 St 9 e S ot et 7 e

(24) yelds:
W=_C, - V‘(— —1L _ o .
“o-0""{ln)
. The units of work in equation (25) are in Watt-hours with the constant conver-
sion faclor Gy, which equals:
C, = Constant conversion to Watt-hours = (7A6/{550 x 3600)). (25a)

Computing the required energy per pound of water distilled from the device is_
useful for specifying the energy efficiency of the thermodynamic compressor process.
Typical units:are- in watt-hours per pound (W hi/lb). This can be computed by first de-
termining the rate of energy expenditure, which is the time derivative of equation {25).
Dumgacomlmnlsilow process, the input and oulput pressuwres are in a steady state
condition. Consequently, the only temporal variable is the input volume #;, flow rate.

)Hl |
BE Tl (26)-

L d - . 1’ . w B
W_'c'-(.‘)'-—l)pl' r (Pi

In this expression W is the power (watls) required for vapor compression.

-Nm ﬁ can be computed from the mass flow and densityofﬁ?e boiling vapor.
This mnrﬁcts the energy requirements with the boiler and condenser mass flow output.
Examining of units reveals the following relationship:
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Gas Mol ecular Weight In this expression Ris the universal gas cioas{__gét
with units of (Ft-1bs/(F Ib)). The work done by the corrpressorLo' 2005
fluid can be conputed by performng the irrte get' 1. in equation (21).
Substituting equation (22) into equati on (21) and sinplifying Cam which
equal s; d okopfONVEr sion to Watt-hours (746/ (550 x pE&Ad)/227ie units of
wor k |W %{Jatlon (25) are in Watt- hours with the constant conver (25) (25a
Computing the required energy per pound of water distilled fromthe device
is wul for specffying the energy efficiency of the thernodynam c conpressor
process. Typical units are in watt-hours per pound (Whr/Ib). This can be
conputed by first de- termning the rate of energy expenditure, which is
the tine ederivative of equation (25)_  During a ax&mus flow procéss, the

i nput @ad‘lout put pressures are in a steady state condition. - Cof@Bquently,
the onl'y menporal variable is the input volume Y, flow rate herefore; the
equation yiglds: I'n this expression,Wis the power (watts) required for
vapor ME%BGMM@IW%@M&&%W&&N and density of the boif#Hg vapor.
This connects the energy requirenents with the boiler and condenser nass
Exani np 2ok fowicf Suid eamsized (eéhr) giveroby eqpation (20) onshi p: - 28 suB@?Itr)TUTE SHEET
(RULE 26 8 FEB ’>0DO > WO 0%’_’05 aPCT/ US01/ 22715 (27) Where, Te Boi | i ng
vapor Ay & \(Aper M a) .mass flow of fluid vapor‘? e)d (1 bs/ hr)

given by e | tglfa%ﬁger Dﬂ,@éﬂ%.l b’dlﬁédw foPh! lélﬁfj (I'bsift3).
(27c) The eer"gg&”eexéigen Iture’ per pound of watef produced E for a
perfectly effi CI ent s st s conputed b . By.su |tut| ng

equat icient gystem, i E‘%}’(’} WQ&%@‘W&E@&’ "%Wg' @ﬁf, conpr essor

and notor subsystemincre he rgy density. If their conbined

[ neffmmegae&m}'bserﬁydewmmesener gy density The ratio of specific
heats is required to rgy density E Equation (24) is.usefuf to
elimnate from equati pecific heat at constant vol une, be-

B~ Py | £
g prl (r- Hi\ (28)

Inefficiency Josses of the vapor compressor and rr;otor subsystem increase the
actual energy density. If their combined inefficiency loss is &, the actual energy density

Is;
FI00 _
E§=-§_— - 29

-

The ratio of spedific heats is required to solve the energy density E5. Equation
(24) s useful 1o eliminate from equation (23) the specific heat at coristant volume, be-
cause only the specific heat at consi‘an't'pr&ssure- is measurable. Substituling equation:

2% mmeqmmn(za)y.ems
C,
L 60
7 TI8.6(MW)
In this expression MW is the molecular weight (pounds/mole), which is 18 for
water of waler vapor.

The preceding equations are bothiemperahjre and pressure dependem, some
optimum thermodynamic cydle is a complex but determinable relation dependent won
ihe specific fluid type, ambient temperature and pressure, and contaminants in the fluid.

~29-

SUBSTITUTE SHEET (RULE 26}



cause only the specific heat at constant pressure is neasurable.
Substituting equation (24) into equation (23) yields: CP 1544 773A¥?B mm5
this expression MNVis the nol ecul ar wei ght (pounds/nole), which | [ 8 Oor
wat er or water vapor. The precedi ng equations are both tenperature and
pressugﬁ)%@&ﬁ gdent, so optinmum t hernodynam c cycl e iscausienphex but
determn e relatlon dependent upon the specific fluid type, anbient
tenperature and pressure, and contam nants in the fluid. -29 SUBSTI TUTE
SHEET (RULE 26) WO 02/05920 1 PCTI US01/22715 To appreciate the required
energy consunption per pound of water produced by this process,

conput ations were perfornmed using equation (28) for a perfectly efft dent
vapor conp iadmmmmmwmmWrmMW esul ts.

anput t| ns _perfaor S| BF%” ﬁé}&!ﬂﬁ? gmt he tern

per at b‘%ﬁﬁ%ﬂ%ﬁ%’ﬁ%ﬁ he vapor %gnmwfé)% specitic heat of the
vapor mﬂmﬁwmmrm:ﬁaawmayﬂmdﬁweeashmepMOimeSwp'dks These effects
are not exp cit own l@m n process,
however , W??@W"ﬁmdﬂ?' % %éféglo_l ncl ude these
temerm&WMMMdem mépmq!aaipf eyapa apd e or pB and

t he candenser eﬁ%&? gﬂgh %ﬁ&lh‘iﬁn ratios (pz |
p;) ar MM&aH son. "#hepogl S p}rée@l?r e’I t1 0os are not

di rectﬂ)qe@m anmemmm mtammmwwmma boi |l er and
condenser. i e v . B g%(ZC) or less. By reading the

t enpe e\ ‘ Ne vvater vapor boiling curve of FIG 29,
tenperaturehm@sﬂbmmmﬁm ohps andhe W&W’eﬁlﬁ:l G. 29, the

I ncreased rk r S creases with
pressﬂ@cw%@é@?’ ﬁ@?’%%ﬂ@rlﬁ??ngﬁé‘g@hﬂg ?‘IP ﬁ for % (anity of
CUr Veprpbg pRISS l%%hd&fﬁﬁmrdﬁeﬂﬁrtapﬂareht, butsuecdssilil bpertition stpokratr t hat t he

or ossbat fasznqr@rﬂé‘%st Fnesowp spramal A o PR BT 1

bet \A@WW% Frontithe watke vapor boiling cuve of Ese2$ demperaktamlm essure r at | 0S
gg?l g%gy na ﬂﬂbﬁ-"ﬁgr essurv%ﬁjesCOnse pressure increases faster t han t he
n Fic. 29, the mcreased work required io compress the gas as rts density in-
creases with pmsure increases causes the general increasing trend for the family of
cwmm‘cons!arﬂpmssureram lis not directly apparent that the condenser pressiure
increases faster than the boier pressure with increasing boiler pressures. This is true;
however: Therefore, the pressure differential Ap between the boiler and condenser
must increase for consiant pressure ratios. and increasing boiler presswres. Conse-
qwnily the:condenser pressure increases faster than the boiler pressure. Further, a
fasbrmease n condenserpressure translates 1o an increase in condenservapor
densﬁy Tiusmen causesthe: slight increase mcompressorworkfor increased boiler
Theiamily of curves shown in Fig. 29 has a decreasing work dependency as
boiler lemperatures increase. As the temperature increases for fixed boiler and con- |
denser lemperatiwe differentials AT, the pressure ratios, (p, / ), decrease. See Fic.
28. Simitarly, the vapor densities decrease with increased temperature. Therefore,
slhightly ess work is required to compress the gas. ] :
As previously mentioned, the motor and compressor inefficiencies increase
actual systern energy density. See equation (29). Figure 30 shows a sample computa-
tion of the system energy density for a wide range of efficiency losses and for several
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faster increase in condenser pressure translates to an increase in
condenser vapor density. This then causes the slight increasefll nFEB %{E][]ﬁ
conpressor work for increased boiler yes- at fixed pressure ratios.

famly of curves shown in FIG 29 has a decreasing work d boiler

t enper "6?@@26 ncrease. As the tenperature increases gcaroshizxeed boil er and
con te ire differentials AT, the pressure ratios, ( | p,), decrease.
See FIG 28. Simlarly, the vapor densities decrease with increased
tenperature. Therefore, slightly less work is required to conpress the
gas. As previously mentioned, the notor and conpressor inefficiencies
increase actual systemenergy density. See equation (29). Figure 30 shows
a SaﬁmrémmhadymmhhﬁngmlwbeheawmQr@ﬁemma’im"de range of
efficien es and for several -30 SUBSTI TUTE SHEET (RULE 26) FEB 2 005
VO OZW&@;%?T/ LUS01/ 22715 different thernodynanic es having varying
boi | er and Trerdtaased id Fid. 80 are the.knergy densﬁ»wdueﬁ@sre&mon%nﬂab@at a used in FIG

70F ( Seber resretite obey 124 U ARRGERDINS A Ttk Gocti it STPTLT D1 E

with mﬁdemmgng frmﬁ@%%’%%gmfehmﬁé%ﬁ@ reasomable o reasonabl e
mot or ef ficienc ebmdhdsEsrd ORBERSSOsrB5AD08 1 Ci enci es
of 859.HY e&%"&% CHW one Xpect l‘%‘é&conservat i ve_conpressor

ef f i CioPbéler: mfawammmmbmm%mwwumy shoul d be

|t ter than the fol The dat
Fto. M%%Mqﬁm Pl g ARPERRENE BRI (31 nis per

pound t I | assum ng that no wasted heat fromthe431)
i neffi* % Eif“%&ges arsgg"utl | i zed- They can be used effectively with

appropri at mﬁ&mmmmmpmmmmweqdwwmmm&me salinity
concentrations hahdidiy t enperature
over - FenE R pewhd g ety AEEF R4Giniy AR Tplbd it Fanness iihcerty | “TPCT S
CONpolséd@eivtitzedathey uanlmeiusedlgffemjvw willy apRippriste heatiexgeangersdpat i onshi p

oy bt AR AR AR Al LI 10, e o 1000 L FLE

Wat er DesalTheasnlisty conagntraionssesest in seawater cause an increase in boiling
temperature over pure water at the same pressure and temperature conditions. One
can compute the increase in boiling. point by using the linear relationship developed by
Fabuss and Korosi for determining the bolling point rise of various seawater concentra--
fions. See, e,é., Howe, E.D., "Fundamentals of Watef'Desalination,” Marcel Dekker,
nc., 1974, p. 30, for a description of the linear relations between boiling point rise and
sai;lity:concerﬁraﬁm; Fic. 31 and Fic. 32 show the graphical relations between the
boiking point rise versus salinity concentration ratio at various seawater saturation tem-

 peratures. As.an example; at ambient temperatures of 75°F (24°C), a triply concen-
trated salinity ratio results in shightly less than a 2°F (1°C) boiling rise increase. This
bolling rise Increase s the additional energy required when desalinating brine solutions
instead of pure wader.
The power costs required for the processes of the present invention can be
compined by notirngﬂnafﬂw-pﬁﬂmry power source is the compressor shaft power. The
. system also requires an additional small amount of energy for rotational acceleration of
the fluid in the boiler/condenser shells. Applicants estimate that additional energy to be
approximately 0.2 W hrs/ib.
Electrical power from utilities and solar, diesel and other generators are well

suited for powering the proposed water system. Assuming utility elecirical power is ulil-
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.. chem @ﬂlﬂymmm@ﬁp@b

Inc., 4974, p. 30, for a description of the linear relations begt
boiling point rise and salinity concentration- Fie. 31 and Re! méwﬁt he
graphi cal relations between the boiling point rise versus salinity
concentration ratio at various seawater saturation tern- peratures. As an
exanpl wo BlosP pbient tenperatures of 75F (24C), a trimtnyussoezen- trated
salinity ratio results in slightly less than a 2F (1 C) boiling rise
increase. This boiling rise increase-ice the additional energy required
when desalinating brine solutions instead of -pure water. The power costs
required for the processes of the present invention can be conputed by
noting that the primary power source is the conpressor shaft power. The
syst enzmﬁ,ﬁmcnmcpﬂrae@-faﬁ of waler produsedianbe computed bythe:followipa 88116 ot at i onal
acceLg? Lon of the fluid in the b0|Ier/condenser shell's. Applicants

esti nat addltlonal energy to be TLOX|nately 02 WhrslIb.

Electricsl p m m ut |_§_ Eﬁﬂﬂ%ﬂ:ﬁﬁ’, d other ggses)ators are
wel | “swifeed posaér wat

Agedoploy Assuming utility .
el ectri cal povver S ut|I -31 SUBSTI TUTE SHEET (RULE 26 B FEB 2Fj U5 WD
02/ 05920 ,PCT/ US01/ 22755 ized, the cost per acre-foot of water produced can

be conputfed b %Ejﬁ Jeukewi ng sinpl e relation: t 1 f. 1 (" 1$ (428K Y 8. 3454
| bs VM@?F%Z gal l on Acre Foot t"vj~"tk'~w ' t100A1000WA gallon . R

Acre. 'oot §32a L320) ey #F it q,eﬁnsle,@,&sg,ohcﬁ isithecsy@tent Endrily S expr essi on
14 1s the system ener gy )élen5|ty (Fps. 22) n At t - hour s per pound and CO

is th ﬁWmeﬁMC}hMWMWMﬂ@ms per
kil owatt - our i n ot her Eg i cations such as toxic waste separation at a

®PUnat er separation draw much hi gher revenue
per vei ght jobirer Bpiblichiiohe sDEfths ki waski tpatitionsi aetidnical ghaatyshe For t hese

I I t | | b ff th I
ohos. cetalr 'Cays@%%@oi%mﬁéw%wfér ooy Wl BB RATOPEY oner | oot
i ner emmmm@esmmﬁmmm $maltgystemsoniay bemopt al
t I F fl t
o psvaea et o Spaler b ol ARel B0, bRl (] O 12t €

per d em size'constraints and capital
equi pERbgh Hegpower inpot ingreassl ysi s sumari zes the theoretically predicted
heat tr ansf(?pemr Honal considerations are a function of the total operational economics.

Factors include: the users needs in volume flow rate per dollar power costs, user speci-
fied practical system size constraints and capital equipment costs.

The following analysis summarizes the theorelically predicted heat transfer
performance values resulting from a small AT'ternperamre- difference between the
boiler and condenser that is being transferred to-a thinfilm in a high: g rotational field.
This application addressed the-effecis of his high g rotational field on hoat iransfer.
Thnaélwgherg corrﬁgwahons {upto or.greater than 1000 g) provide much higher-heat
tansfercoﬂlimenls Consequermy the overall boiler surface area can be decreased
oormdefably This makes manufactunng procedures sifpler and less expensive. Ac-
oortﬁngly,mewtal number of shells and the overall weight of the: system can be re-
duced. This yields higher heat transfer coefficients. The system achieves these advan-
tageshem:seoﬂheh:ghermtahonalgloadsonaﬂunﬁlmboilmﬂmd

The general relation which describes the boiling: heat transfer coefficient in both
the pool and nucleate boiling regimes is based on work by Rohsenow (See, forin-
stance, Handbook of Applied Thermal Design, Exic C. Guyer, Editor in Chief, McGraw
Hill 1989, pp. 1-78). Guyer references the original work of Rohsenow performed in 1952
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val ues resul ti ng froma small AT tenperature difference between .iHe Fﬁﬁnlzﬁ&‘i
and condenser that is being transferred to a thin filmin a high g
rotational This application addressed the effects of this high g rotational
field on heat tra -higher g configurations (up-to or greater than 1000 g)
prowd@ ’PQ Qi gher bat transfer coefficients. Consequansbisersthe overal l
boi |l er ace area can be decreased This nakes nmanufacturing procedures

si npl er and | ess expensive. Ao cordiy, the total nunmber of shells and the
overall weight of the system can be re- duced. This yields higher heat
transfer coefficients. The system achi eves these advan- tages because of
the higher rotational g loads on a thin filmboiling fluid. The general

r el at ugifg obirstated experinintal dhia. T relation teetoped hp Robsernowdfasithé ®ht i n bot h

pool E)w? nucl % e boiling regines is based on work by Rohsenow (See, for in
stanc Appl i ect Thermal:- Design, Eric C. Cuyer, Editor in

Chief, MGraw Hill 198 y{p 79) Guyer references the original worts of
Rohser@lvibes f.opnpd (ap, ¥J§8Psafe [IL@SH}ET (RULE 26 WO 02{335920
PCT/ USS®/,22 A 5" t n§f co“'f"r | at edoexper if I} ta The rel ati on devel oped by
Rohsenow has the fot form AT riables are
def i nwhemdhe wanahles; d?'ic}ﬁf’@ng'PHr\ﬁ‘gM‘a’ W%W&HWEU% v%lg&bg sented at
anbi egémbd BbmbeIRIR lenRIatoes 60F°FBoi | i ng heat transfer coefficient (150
to 15,000 (BTU/ (hr ft{7F i,d ity (2.°33 (Ibl(hr ft))) =
Heat =W%§1Wﬁﬁﬁ%@?ﬁ%@‘%‘%@@mﬁf’y‘ %@erature Difference (2 to
10 (F m@m gyt ati onal Accel eration (64 to 32,200 (ft!

D= S &1 D anet er (0.5 to 51(0§4 Rotatlonal Speed (50 to 2500 (rpm)
pt = Bhyi-Heatiol Nepoaaton Wajes ¢ @)(BTW'@)) ps = Vapor Weight- Density (1.15

X 10 (32. 2 (ft/sec2)) Surface Tension
at Li %M%e ?ﬁ'.i'g?im%gﬁpp Porti)

& =_C',,DN2 = ; (30) DN? = ‘Rotational Acceleration (64 to 32,200 (ft/sec?)) (34)

D= Shell Diameter (0.510 5 (ft))
N = Rotational Speed (50 to 2500 (rpm))
p, = Fluid Weight Density (62.3 (Ib/ft’))
e = Vapor Weight Densily (1.15 x 107 (b/it’))
g, = Weight to Mass Conversion (32.2 (fsec®))
= Surface Tension at Liquid Vapor interface (4.97 x 107 (Ib/ft))
C,, = Specific Heat Fluid (0.998 (BTU/(Ib°F))
C,, = Material Experimental Constant (0.0058 to 0.013 (No Units))
Py =(C—';L—”£]=Prandtl Number of Fiuid (6.64 (No Units))
S= Exponent Constant (1.0 for Water & 1.7 All Other Fluids (No Units))

Equation (33) represents the expected bolling heat transfer coefficient assum-
ing no f(;rwd fow mixing. Foreed flow mixing typically increases boiling heat transfer
rates by an order of magnitude when the driving AT is below 15°F (8°C). See, e.g.,
McAdams, W.H., Heat Transmission, McGraw Hill, 3d Ed., 1954, p. 378. The fluid fitm
migraes along the boller surface (with a vertical component of gravity depending tpon
shell orientation). The fluid also has enhanced movement due io increased longitudina)
pressures that rotational forces induce. This mixed mode of heat transfer enhances the
boiling heat transfer rates even more than equation (33) alone predicis.
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t-teat Fluid (0.998 (DTU (IDbF)) Experinmental Constant (0.0058 @Egl?q[}gNo
Units)) c2)) Constant (1.0 for Water & 1.7 Al Oher Fluids ( |
Equation (33) represents the expected boiling heat transfer coefficient

assun . ing no force flow m xing. Forced flow m xing typically increases
boi | i n‘% Eg ransf, rat es by an order of magnitudecigprbdres driving AT is
bel ow 18 See, McAdans, Wt-L Heat Transm ssion, McGaw H I,

3d Ed., 1954, p 378. The fluid f|In1anDng the boiler surface (with a
vertical conponent of gravity dependi'ng upon shell orientation)- The fluid
al so has enhanced novenent due to increased |ongitudinal pressures that
rotational forces induce. This m xed node of heat transfer enha boiling
heat tr ansfResitabEBoiingddeatiransich Galcalgticiist Digure8 3P-24Ishow aqueasigs of s. - 33

Boi 11 (FGPPZPOTE o et Gpord o, FhEh Wgﬁ?%*g%‘)ﬁ%% b oo

conputrahstoraites! Thdse figares asd bath ﬂmeb‘,dmmhsmlhal sudane mnq!rtrpnsandttwoﬂal g's on

cur oS PBRapFR oy R BB sl frRedi Eplde RO TECP TS, T

boi | emrmu mputicimperatwesl iSoimery terfgurasrshowdhe enlfanceshboilerbeaint i nput

behay BTG ERePRLpS gl iRl o Y foldfly ERIBTFEor R RBp | {70z ©f

surfamammwm&mh&mmfmﬁ%p&arvéﬁﬁeﬁmes of 70F,

o  FEREPR T“W%WB%@%W@ ?‘*‘%ﬁﬁ%‘&é%?”ént el vas

stai nbemrsnmsaﬁs@apu@m cppt onistaigless/gteel. Ser; Guyel R TETEONPER at ed
borl 1 ncrease in
150 5 Sl AR e RO LR oo lgd AN N A

boi |l i e secon series shows simlar results for a
di ffemmmmwﬁﬁmghﬂémngﬁﬁfwséé@@ﬁ% ®N. Here, the

char agh&dhé DeROBR: crafystdriet | y, the
%Wt&h@d AhhlebS stesifonty. c

perfor mance I's r ol 1 shed  stainless stm$I cqonpared fo a rough
sur f aswiace speficientsis G f- |W§§§qu‘§8?“%@é’ﬁ§§ d?jﬁﬁ’ﬁ‘?fh Tefl on

sur f agginilsQ Wedlfonpiirst foQFrdbi wmﬁwﬁmmﬁgsﬁam@r wet ting
characteristics.increase WI t he Tlef |.on ﬁ)oat |1n& ﬁ s he anbi ent
t enpetheravahenpd Telpnsurace ropiges Mg 'RERloNS o Rusiggte bg PrV\Krrasm for the

same %E%&ﬂb%adleﬁéﬁ:&meaﬁﬁ tsaTefonabatiigonal g’ s.

Obseweﬂlatasmeambienttemperature increases, the. borlmg heat transfer
coefficient increases for the same temperature differences and same rotational g’s.

 Physically, this occurs because the heat of vaporization reduces with increasing tem-
perature. Therefore, more heat'energy is transferred to a- boilingﬂmdforﬁlesameAT.

Thegtaphsshowsomeadvantageforoperahngmesystem atmcreased input

temperahm This: requires heating the incoming contaminated liquid, which:
cosis energy.: OF aourse, if the-contaminated liquid comes directly from an industrial
process; it may. be at an elevated temperature. At hlghertempetatwes the system
could employ. an additional external set of heat exchangers to recover some of the in-
cieased enthalpy carvied ot with the pure water and waste brine. This approach may
be beneficial for certain applications where very small size caprlaleqmpmermsreqmred
and energy costs are less important.

Enbancing Boiling Heat Transfer Rates: One mt_—zﬂnod or design enhancement
aimed al increasing the boiling heat transfer is to increase the surface roughness of the
boiler wall. An example would be to provide minute “grain-like” thin Teflon® coatings on
the boiling surfaces. This bmvid% a.great multitude of nucleate source points on a
material, which is normally a non-wetting surface. This enhances the formation of
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Physically, this occurs because the heat of vaporization reduces wth
increasing tem perature. Therefore, nore heat energy is transf et fedkto 283
boiling fluid for the same AT_ The graphs show sone advantage for operating
‘the system at increased input anbient tenperatures. This requires heating
the incom ng contam nated |iquid, which costs ener glﬁgﬂgse, I f the
cont an\R&AYVEA2Y | qui d cones direct I y froman industrial process, it may be
at an el evated tenperature- At higher tenperatures, the system could

enpl oy an additional external set of heat exchangers to recover sone of the
in- creased enthal py carried out with the pure water and waste brine. This
~approach may be beneficial for certain applications where very small size

Icapr talslmgubtmﬁy?.tﬂmmmmelyﬁﬁes mﬁllﬁamr@meﬁmgt@eaﬁ&nlh@ﬁ%uﬁﬁwrtant Er g

ancr n in rans tes: One method or design_enhancement aine
i nc?’)e?ﬁf"ﬁg%é B%?r%é%ﬁf@gla Iy g foress drovide q bigher bueyansy fovee fortheace

r oug h nemau(sfeamm:bblw:cm e highQ fiefhardaredib mﬁmgédjrlnfé&) é&v@?ﬂ% 'cﬂﬁeﬁ#} nute 4
"grain t.one atrn t he hoi |.i ng surfaces is provides

a gr ea[“%ﬁf’?b’&ﬁ%h %ﬁe"oﬁgﬁf’ﬁf‘@%ﬂé’ £ &fth slationggiy ch | s

nor mal systemsipra. wgtetmmgmt Bavmal sbhices frtha lle&ﬂurb RRov GatBiel MeciQff a- 34

rrodi REATRL ity ik s g e ieter eers B Op ol SReciT ace.

pr essufte F.riinciplbs@F ckansféﬁiebmdbolgdﬁgxtbw!o@m ¢ Bt dee&phiger buoyancy

force ma},@%’v&l eam bubbles in the high g field and create increased
m cro convect @%rr?nts Achi eving these hi gher induced heat transfer

coefficient ébmmgdngbdmmaﬂ@pamammmewmsmmﬂmm

eNVi I ORG Nirst; SfMGMmith retREsL R h(l,dE?t ! ki affect of a
coati nam;t c:rrﬁé | NnCreases the he t .transfer co |C|en%’tﬁ% o 3l.. See, Kr
(i th, Pratepplidensities; apd theglgpsity of ﬁwmlﬁwﬂﬁmatﬁrstarmm G-, 2d Ed.
1868, ﬁ.eﬁwws@gma&sw%ﬁ 5 uﬁ mwth a

um

. Teflon _coating on:.the baqiler is ano Irs m r educes the

t ange MM’E?@WW%WP?W@#%?@SW%W@ COW%'F@FWaI densiti es,
and twmwmmistm iummingm hbe g thebh3t dohalictivity &flabbil 28s- st eel . Con- -
sequenk t res [Ca5 s fr at 850 g's to
about r@yghpsr %g'&%geidrl?os t(]) &g‘fq's %Agtiﬁﬁ dfal so has very
hi gh tTheimaorianoadiligh theppal co@qs&wbmmveailmbmmmma%meium has a

i ch R ool 308 PR g ol oo (SR R ¢ g

t her méPeBMBct i vity in the wall material becones great er when
High vapor velocities (50 to several hundred feet per second) exiting the indi-

vidual boiler and condenser shells enhance the boiler heat transfer structures. Sweep-
" ing contaminated fluid: along the boiler wall suriace is the mechanism for this enhance-

ment. 'l'hesweepmg of liquid creates turbulence, which aids in forced convection heat.
ansfer at the vapor fluid interface.
' Forced: convecbon through gravity-induced high pressure injection of brine or
corm»mtedliqmdalsoerﬂm boiter heat transfer conditions. Fluid moving along
the boiler wall surface removes stagnant regions.and, thus, greatly enhances forced
convection heat transfer characteristics. The annular boller passage area of the system
cah be modified 1o achieve favorable vapor velocity with forced convection enhance-
ment along the axial direction. Longitudinal segment dividers placed betweesy both the
boiler and condenser shell passage areas at various azimuth locations also may en-
hance nucleate boiling by convective mechanisms on the boiler surfaces and should
enhance drop-wise condensation on the condenser surfaces.
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the heat transfer coefficients due to boiling and condensi ng becone | ess of
alimting mechanismH gh vapor velocities (50 to several hundied FidetZ(fer
second) exiting the indi vidual boiler and condenser shells enhance the
boi l er heat transfer structu ing dated fluid along the boiler wall surface
is the B@%LSH]fOF this enhance- ment _ The sweepi ngadsoi2aqas d creates

t ur bul ence, ich aids in forced convection heat transfer at the vapor
fluid interface. Forced-convectionthrough gravity-induced high pressure

i njection of brine. contam nated bquid al so enhances boiler heat transfer
conditions. Fluid noving along the boiler wag surface renoves stagnant
regions and, thus, greatly enhances forced heat transfer characteristics.
The annul aerﬁfehsing plaat Frgesiar Geeflifenihandsnbaneanisrbangensing heahchi eve

o 1 oc arpeY EpTsriR R bl el BF BAAPRAEAY RRGRAS. Bompd | ¢ T #

condenrfeftys beiidensias sapire amaler satfacesareédtren MTamtﬂﬁcvl’d!ﬂstﬂP Gwyeral so may err

nucl eat 0i.l i convect.j Vv ' ' ces and
en hangﬁ"ﬁ? ea%' H’ o‘%\f ﬁgﬁ&%ﬁ%&h%@a engtemgtt}? ac egﬁw@g SUBSTI TUTE
SHEET 3& dr6p-GitetoRaensalEiy of J8G! stm,ﬁbe Gveiciange FomdR00Ptanst er

usual I@»@B&ﬁ@%ﬁiﬁ%ﬁ?ﬁ%‘%@a@“r WREpendaehs c?ﬁﬁ’f“é‘ﬁ"%onﬁif quently

condemmmem&mmmmuadgawamﬂﬁw oY to CGuyer,
typical  val uess I o Wﬂ@gﬁm& Rihévethe BRdeABAE chilse® 1000 to 5000
(BTU (Wm and W seﬁgc?gn gnsatlon of pure steam the val ues
rangeﬂbhmmmwdmﬁWB@OnQ%@%T eondenysate (orms AtHm Vel 9 Meonvent i onal

conden 418 #3R thé highMBmBsaRrdvgsorcondensat i.on except
under%gﬁem a %‘?gns and on{év overgé reduce ggél S1r&a?of t he

condensi ng @nﬂidr.al;&, chawm Boiling anrhGendengation, Mefran i he failure to

achi e ﬁg‘ﬁlﬁ‘&ﬁﬁﬁér@m meiigisTo/ eiPaAGhGodrdbnsinghéitiuantieyer on the
surfa |ch Insul ates the surface fro erﬁt re vapor.
Col t ecoeflicients. Firsh by EedusipoiSHTRea1gnSIPNOrssH !"6‘%‘5‘1‘{%@%& 2d Ed.,
1981, suiileq %nﬂ@%&éb%?avﬁmﬁaf&eﬁmsmm nesbanci ng

C " b e e N rombul e e Dot fAes ] ABRele 1) P for oo
avai | ailpawisé RihdrMhartRNad@ss edridensation piaking ibe lsmfaz:errm;mde’rMQ redneksnsat e.  Next
treat rrent Of t i Condﬁ,r}gé MW&&%&%M %&mca!ly coated surfaces
wluch act:as promoters, b) polymer—coated non-wetling surfaces like Teflon®, and ¢)
electro-plated surfaces use coatings of the noble metals to promote non-weitability.
Last; force fields: canremavethecondensateﬁomﬂreswfaceeﬁec!weiyﬂlerebyleav—
ing a “virgin™ spot for enhanced heat transfer of the remaining vapor.
To enhance the condensate heat transfer coefficients further, vapor flow showid
not shear will the- condenser surface. Otherwise, it is possible for surface filiming to
build up. See, €.9., Singer, R:M. and Preckshot, G.W., The Condensation of Vaporon a
Rotating Horizontal Cylinder, Proceedings of the 1963 Heat Transfer and Fluid Me-
chanics Institute, June 1963. To help eliminate the differing relative velocities of the va-
por condenser interface, it may be feasible fo insert Iongrtud'ml plastic tube separators
inside the condenser chambers. These tubes act to oompartmentallze the vapor flow
into channels and 1o impart a tangenhal velocity on the condensate fluid. These com-
partments help impart angular momentum to the condensate so that the g forces im-
mediaiely remove the condensates from the condenser suriace.
In addition, reducing the relative velocily between vapor and condensate mini-
mizes the aerodynamic drag forces acting on the condensate. The interfacial shearing
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drop-wi se rather than filmw se condensati on. Mking the surface -
non-wetting reduces surface tension forces. Three nethods ' havel tﬁegﬁ&gw
a) chemcally coated surfaces which act as pronoters, b) pol yner-coated,
non-wetting surfaces W Teflon, and ¢c) _ electro-plated surfaces use
coatings of the noble netals to pronote non wett abi lpciiser/l2est force.

fiel dsWOIH'PEhove the condensate fromthe surface effectivel y thereby |eav-
ing a "vircgin" spot for enhanced heat transfer of the renmining vapor. To
enhance the condensate heat transfer coefficients further, vapor flow
should not shear with the condenser surface. O herwise, it is possible for
surface filmng to bind up. See, e.g., Singer, RM and Preckshot,” G W,
The CopfRiendd hdedsaléany the borieRsértsaffacetio elirpioated if t@ye isderigid Pr oceedi ngs  of

the 1963. Heat Transfer and Fl ui -_ch nic% | '%@bai&”l "1@63. To help
el i m manebey facgpierals d”P&f’ﬁ? vg"%\’['gfﬁ%ﬁ' ees%g?r{}%kee Sor: ‘condenser interface,
it MyohPwheeRs bbRrikigalifoes i mionmestadthanthesursts fensiobBrassp@ort or s i nsi de
t he censer chanbers. These tubes act thoi co aw&&hﬂr{ éﬁsécp& vapor flow
into @ﬁ@?ﬁ?@?@‘%ﬁ“ﬁﬁs@%ﬁ’f‘o‘ﬁdﬁﬁ'ﬁﬁéﬁqép BTy Ton [ he condensate fl uid.
Thes e ppaérhpal feldtioh RielemRidibyBiger and Ruetkstolhestirarister calesiofh 8040 so that the
g forces inn- pbately renoye,the ;ﬁa-tmyglgnﬁi@scondenser surface.
In addﬁmwggg%%bﬁﬁ@m? ei?‘%@iq‘f‘g et ween vapor and condensate

mni- mzep g i@oaysateltpsionrthe soraiensergudace Ao way hsreasee. The

T 4B 0oRgenesr heat Raesfor GBSt ANy Soratbies Thén ol o dhe Mler (21 02520

el i M epé shatdrial ihiing Falmrication ig feshsiblee Tihe scraichexcreducn the eontadt stBABRensat e- I n
this cage, the condensate. f : Q'?‘ES”“Q? hot¥aRéR tbledasent ri f ugal
force@%%ﬁﬁ@%‘ﬁ%ﬁwé%urbgﬁ&%%gl n ‘gt?ces. Con t,y, the Sensate
i S I egiepohn thercendeatser surface durihgdpohvg entations Fhis technigue oy FPAuRR ey r i cal

rel ation, dev, ,?,ﬁh.' Fond] RSiTiRlso thagifolceamihéniateyt es of 5000 to
- 15, OOMﬁQ&% ,cg(%gﬁg%ggﬁed at m())de'r gt ely | ow rlat?gt ional velociti
put t i ngerbmmé thersuidfacy lension. cserdinglynis raethedimay g é-r"eféﬁh'éﬁb}‘e' al so may
“incre },@5 ,ﬁg@- _Wau-" Abhikt R8s exceeindly highdohderAdtiherd ransfet ches when
unr ol |ng°f'o the boller B‘s%?mt y"‘rrgter_i al du'?imr?gg1 fabrication is feasible. The
scr at chafiiciendsithetstalinnaporysients @PHtEcHeY -ca for the condensate dropl ets.

Consequent | ag i RWShentdfed Wngrtifirs SctPetiailides betweon bothéheboikenser sur f ace
Fons on paetser sheltp saraRe o s m s WA SphaFiforn, TFe abidertil © S0 B0
the  pik hesinuBiksjular st & the fitidicendersited Theupomeokint accglerer y hi gh- de
ates the condensate drops until they overcome surface tension forces so that the con-
- densateis ﬂ:ro;m-away:ﬁ'om the condenser surface. The segment dividers also add
shruchualngldrly to the overall shell assembly.
Segment dividers could be made of flexible plastic tubing plugged on.each end
. and filled with a dense gas. o light fluid by hypodermic needie ihrough a rubber police-
man fitling. The dividers would:not move azimuthally due to pressure expansion be-
ween shells and since radial g forces hold them against the adjacent outer shell.
| Boiler Shell Stress and Sirain - Overview: High velocity rotation induces shell
siresses from the shells’ own weight and from the weight of the rotating fluid against the
" ehelis. Galculations showthat typical siress vaiues are very low (7.5 ki to 12 ksi) even
up 1o 1000 g'S. Summary graphs of Fics. 25 and 26 plot the rotational pressure varia-
tion exerted against the shells from the weight of the fluid for different liquid fim thick-
ness. These pressires are used 1o compute the total stress against the shell.
- Applicants expect that film thickness values typica!ly.will be below 0.015 inches
(0.38 rhm) at high'g. rotation rates. Film thickness depenids upon rotation rate, fluid in-
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gree of drop-w se condensation, which yields exceedingly high c ngeFﬁﬁg
heat transfer coefficients that stationary systens cannot achilevel = 2005
previ ously nmentioned, |ongitudinal segnent dividers between both the boiler
and shell passages can enhance drop-w se condensation. The dividers im
paart a B%ﬂgb%)ous angul ar nmomentumto the fluid condemaavez7iBhe nonment um
accel e ondensate drops until they overcone surface tension forces so
that the con densale is thrown away fromthe condenser surface. The segnent
dividers also add struawal rigidity to the overall shell -assenbly. Segnent
di viders could be nmade of flexible plastic tubing plugged on each end and
filled with a dense gas or light fluid by hypoderm c needl e through a

r ubbe jechion e dnidithé hejght B enylboilerddars closing off e entbeidhebolling ¢ham-y due to

2&?2@&%& Bilaored f rps ARG Al B, Snd AT FtWRRTLARRT |10,

vel oCipidbabiloaurvheh tisk filgitis mkmwamammnsﬁ@hllss Gimouipe; total cavrd from t he

wei ght of the ating fl UI d f i cal stress
val ue?%@@@?% ( g%&%ﬁ )%9%%%%%"5%9%%% a;‘?‘ Surmmary
graphmﬁmw&mamrot ational pressure varia- tion exerted

agai nst the shell ér m. t é:nrﬁ 'oirﬁ)%[ﬁ;%n ifquid film
t hi ck- neswﬁg@ '@5@#@% are use Izz’lﬂl'{:{f(';{'erét heé;t otal st r}ess agai nst

the s b confyvebscs powver eongition. imawefmmmmymgmmﬂtw ®ally will be
bel ow 0. 015 | hes ESandrebied hi ckness
depen ENCE 38R mq?imrﬂ%ﬁbﬂ‘h‘%ﬁ%% 11 TUTE SHEET (RULE 26) 8 FIF
B2 memmmmw mmn@anév@many boi | er

dam c of f ! %F“t 'cﬁﬂrcﬁ reahl PhesuRaivil ihjettdn g forces
natur rlﬂ'ﬁf’%’dﬁ’ngIU| I (r)mét hi ghest heat transfer rates

- probwaimngwenmmbgwm Wﬁ\!ﬁﬁﬂ%?@@'%’he t hi nnest val ues. OF

cour se, \r‘m%sﬁ&ﬁm&i&%&dm%uarnwrbmmﬁﬁnme achi eved= For
desallnatlon applic

or obl mwﬁm@%‘r@?&ﬁ&q‘ L A
Out pUlngluBiy | SireSUEIH BieSoiter RAVIE GNP BRésihane :mswessias)mmg may create
ﬁregt sgggiwg&n tg;;gé gﬁéﬁé@gg{&ﬁ@%gr F@%?@%ﬁ%ﬁu‘ﬁp#&b@% may reduce
M Cr 0pFAGG§SPH.0t SRl Eskman Blicidtaihlespstedrshalli tFigae 26 shows that even

with the additional load. of the liquid film carried by the shell (assumed to be:0.070.in.

(1.8 mm)thick—much thicker than expecled), the maximurn tangential stresses (which . |

occur at the shell's inner surface) are siill easily within design limiiations. The radial

growth of the shell is also very small with a maximum growth of only about 2 mils atthe

outer. 5 it diameter. See-an example plotin FiG. 26.

Apphicants investigated the required summed area: for various nunbers of

s!neﬂsat(ﬁﬂelelﬁspacmgsforahypmhehcal 5 ft. diameter by 8 ft. long (1.5 m x 1.8 m)

sy%m.'lhe calculation determined expected weights of the boiler and condenser

shelis for these configurations. Th&sewelghtmartsshawnrepresernhaﬁmetotal

weughloishells in a module system. In an actual boiler/condenser chamber design, an

additional separation shell between each boiler is required. Therefore, the folal weight

daﬂsheﬂswotﬂdbetmceﬂwsevahses presented lnﬂnewelgmdlarts Therefore, the

~ weight charis to foliow represent the summed welgm for the boiler shells only.
With the expecled enhanced heattransfervalues resuiting from higher g mrta-
tional rates, the overall surface area and weight requirements will decrease consndera—
by from those initially projected. The total number of required shells for the same waler
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adjust the con itions. Wth proper design, the control |oop can ﬂgagggew%
fluid injection at any given rotational g load to naxi mze pure t

output. FIGS. 25 and 26 show the cal cul ated stress, strain and rotational
g's on the outer boiler condenser ring for 5 ft (1.5 n) a shell dianeter.
The gr‘%ﬁg%sgt&pw that the tangential stresses in the peuhgbyshsl | (i nner

shel | s ower stresses) due to rotational speeds are negligibly small
conpared with typical maxi mum acceptable stress for a 0.015 in_ (0.38 nmm
thick stainless steel shell. Figure 26 shows that even wth the additional
| oad .of the liquid filmcarried by the shell (assumed to be 0.070 in- (1 -8
mm th -much thicker than expected), the maxi numtangential stresses (which
oCCUr ppdduchetpit dow will aimldecrmsefcausderably ‘Bt radueesdhe prapifapifinglesi gn
limtations. The radial growh of the shell is also very snall with a

maxi nﬁ:ﬁ?‘ﬁrovwh of only about 2 nils at the.outer.5 It dianeter. See an
exanpl e pl Qﬂseribslﬁf&)mﬂtﬁaﬁohpplere:p&ﬁmrnadtce@sp@awbﬁtmm@fﬁgm%ﬂ ballg¢r surmed ar ea

for various nunb shel | pot hetical 5

ft- disawew'% 'ERH 6%"?’1"%5%“ g@agfﬁ%a%%ﬁ%%ﬁ?%ﬁ&%g@%m ned expected

wei gh ahiegi Thelinren thotzd sedl i$ essumeside haveohe spefigsobrmetsrank wei ght

cha?t S own reser':': H‘en'tt)&%“w%e ﬂ&;cét@&%ﬁatétﬂx@nﬁ%gﬂhﬁxﬁys'[ em gI n an
esi gn,

act ua an separ atl on shell between each

" boi | emsmemmdasiimmdmea possd)lederaonam@hm Theljaggedines woul d be

. twi ce those valu f?GBTlIVE@ “{g@%&mqﬁ@rts to foll ow
repr eS8 %ﬂ’ m&@%ﬁgr the Emler shel s onIy Wth the expected

enhanmmmmmwmm@wamwgo the shmlatadsuriaes g BP¥hal rat es,
the oyeral d diamsePwitbre| fdeahease consi der a-
bly f eﬁ'ﬁ&@ty‘ﬁzﬁ |al"’1 y proj ect gbprhﬁﬁﬂi X

The tot al nunber. of ui.red shells for

the sensfentoeficesbomibsTromprtedsprtappficd piallshe iBinge e et FpsIer 05920
PCl NB@“‘EZ‘EZ} g n@ﬁorﬁﬂu@ﬁ Mighd eﬁb@ﬂe@%@sgwmsdﬂaabl y. That
S mandf act Ur 1 ng

reduc costs. A series of conputations were perforned
to di mmﬁpww&gm ed boiler ;surface area and weight is for

-various Sthmafmﬁ atﬁﬁufb@hb@hmespreiemhyst@mﬂpan ed val ues.
radi a

The i nner hell is assungd to e s eC| ter and

addi t et syperiardo SHPT IOFRFSEHEY AR ﬁ"ld‘aﬂﬂ enei Eig‘*éc"é@ separ ati ons
up to a maxi mum 5f1 dianmeter as proposed for a possible denonstration
modul e. The jagged |
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these series of plots indicate the effective radius (discretely ¢ %35
where the area below this radius is equal to the cunul ated surface area
above it, These curves provide a neasure of the approxi mate di ameter where
a fixed heat transfer coefficient could be conputed and applied at all
shells 0%?@&9?the heat transfer iincreases with g v@ahwsezmsal ue conput ed
at the ive dianeter gives conserva- tive results for the entire
system There are a nunber of features and attributes about the present
systemthat nmake it superi.or to other processes and equi pnent, and they
are summari zed bel ow -39 SUBSTI TUTE SHEET (RULE 26 1 8 FEB 2005 WD 02/ 05920
PCT/ USO /22715 SYSTEM THE PRESENT STANDARD REVERSE

Al TRNMWESSYSTEMDI STI LLATI ONOSMOSI S Capi ta! Acqui sition CostsLowH ghMedi um

Mai nt eparce—€CoststowivediunmHrgh—OGperatiomat—CostsitjowveEdrunHrgiT(Si ze Equi p
Requi rkrmt SLoV®STEM Pr esent| ZHEFRESENENt S7AWRARBY stlem HREMEBRRNt
Si zelL i ghmmer gy LsagéYSJEMH hNBeiATIRf f Osmosis
Cl eani jng |r| CYLyy Faat e g gy Totjat L&@Wd
EasyFafi r E’(§i¥fllt=’|})cu’ % gol , Metals, i onsPy@ggen PoorDitficultf Free -40
~—°5UESVﬁm ) Low Medium High '
- Operational Costs Low Medium High
Size Equip Requirements Low 25 x Present 2 x Present
System System
Equipment Size Low High Medium
Energy Usage* - low High ' Medium
_Self Cleaning . -Automatic ~ Medium Difficult
Handie High Total Dissolved Easy  Fair : Difficult
Solids '
Baciena, Metals, ions Pyrogen Poor . Difficult
Free
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8 FEB 3 2 J j5 W claim 1. A boiler and condenser system conpri;Sjng; ﬁ% a
housi ng; b) at |east three spaced-apart and genera concentric sﬂeb Eﬁﬁﬁ in
t he housing extending and rotating about an axis of rotation, the at | east
three shells conprising an inner shell closest the axis of rotation, and
outer shell farthest fromthe axis of rotation and a mddle shell between
the I nperiasiel | and the outer shell, the shells formng two spaces, an

i nner space between the inner shell and the mddle shell, and an outer
space het wekboibhandrrputithser syetdnh camplising:he out er shel | ; each space having two
ends; c) rotation nmeans for rotating the shells about the axis of rotation
at an angul @@ bhpesisci t y sufficient to cause the quid inthe boiler to form

athlnfllmalo%ﬁ?the m ddl e shel dc% " t wngalower pressure
side and a MWiehRes hyecpacrdarer gyl get“ﬁ'@ TRE *Cg%‘ ge comuni cat i ng

W t h téeendingend mta&mb@umhnchansroelamtmrgtrtefv@Iepasteissmf@lla wrrtphﬁng amerer space, the
i gher o @) ESRUY s Shelf AR SE 81 Hhébt B 1R L BRAGEnAmagisour ce of

fluid;, " an1nj ec oper a connect ed he source of flu and to the

i nner %&W%@a“%‘ﬁﬁ‘ﬁh?ﬁ'@“ﬁ oufeq phelithe ?Pel'shf@rm'%t@’f’ SBIFES &N "T"f’ %Pﬁ‘c%ut let from
t he oOuUfcBlech BrRGENer Bich wadthakiicie sheljiadd srasutérispace batveben the naddodhetbendor in t he

housi n eom‘tar%hku%gcrﬁ su] 'h%viﬁﬁﬁ@e%?ﬁ outlet collects. 2. The boiler and
condenser sys em of el alm urtHer conprising a tube connected to the

source of fl »utélmﬁe.e&hs%%{aﬁ. thé sﬁeu@éuoaﬁhasﬂmrraa&amr@am "o th the tube
and recej vi ng rt| of each tubul ar

[ u
menbeFf“t:.;‘l%i"'f‘ltdo ﬁﬂf%ﬁfﬁ*'df%%e%’ %tf#%rﬁ‘eal tﬁ ghﬂa O'}%tﬁed gﬁeelql the injector being
tt h
? n ngf gh e][ Fd)tg gmhl%asg){ ﬁéwrﬁeaﬂpﬁérg}’g@%gs%@&]a%’ﬁ@e@ﬁm@ e I lowRfl] acent the

con enser syst emof claiml
wher ei presshie sslespmmyRieating withsthe BRer spAee JndWecreaingieRjessiG it e H®axi s of

r ot at i QAcOthelnitfeSii@islie sidé comenitdihg fith BBdutespdenser system of claim 3
wherein the at |east three concentric shells each have two ends, the

respecti ve ®adsurbebfifigidadn igjaetier apkriably esrohcted todhe soarcewbfiuid anddstheat | east a
portiap, %psfc@?rar];s?’r\'i\*%qr@%& Rabeandepseen the two planes. 5. The boiler and

condenSer stem alm 3 further conprising a duct downstream fromthe

fan. 6. A rmrh&féetff% tRé BRESEPRERGhIGOGH v TRidedn fdwjahd conpri sing: a)
subjecting a plurality of spaded-apart shells to a first reduced pressure,

t he shel | s g)aeauot ntg: Hoesitg istverhiph fluiddrom tehalilpt doliegtsng a cormon axi s of
rotation and having a space between adjacent shells, an inside surface
f aci ng2-t owalhe bokes aedksosdertser systariah AlaiEtfurfier SEPRITSHE @ tbgicpanestef ia%g away from

t he axiohre@bf AR abiuRity of iBulGTHRInterd @AMURGatig fith Se teetandndteming 8dond set of
from the tube, at least a portion of each tubular member being adjacent the inner shell and
middle shell, the injector being attached to the tubular member where the tubular member is

adjacent the inner shell and middle shell.

3. The boiler and condenser system of claim | wherein the compressor is a fan, the fan

rotating about the axis of rotation of the shells.

4 The boiler and condenser system of claim 3 wherein the at least three concentric
shells each have two ends, the respective ends being aligned with each other in two planes, at
least a portion of the fan being located between the two planes.

5. The boiler and condenser system of claim 3 further comprising a duct downstream

from the fan.
6. A method for processing contaminated liquid comprising:

a) subjecting a plurality of spaded-apart shells to a first reduced pressure, the shells
conducting heat energy, each sheli having a common axis of rotation and having a space
between adjacent shells, an inside surface facing toward the axis of rotation and an outside

surface facing away from the axis of rotation; the shells forming a first set and a second set of
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41 18 FEB 2005 shells, a shell of each set alternating with a shell of the
other set as the shells extend outward fromthe axis of rotatiof;§ hEB 2005
rotating the shells about their axis of rotation; c) injecting liquid al ong
the shells of the first set of the rotating shells, the liquid formng a
filmon the inside surface of the first set of rotating shells; d) further
| over kgl thBensrR s eEallemathgSae arstlelr dtheomitbr petes dersbellsexiredoutvée i nsi de
surface of the first set of rotating shells and the outside surface of the
seconH°'§gteac§\6°HS’%ag?'? ng shells; the second reduced pressure being | ow

enough t0 galaeAnPield 4 JQfeit R of ifithel to boi | and create a vapor and a
portion to remal'n as sludge; e) conpressing the vapor and directing the

vapor to tBensRiRg fauRelioMg &R shBIR ob the Sifstiset ofthie fortiag stfelis, e first set of
rotating shells and the inside surface of the second set of rotating

shel | gquid BeniaPmin o Eetissidel sngacaintiihe Grstigem of rigtinacshelss m a condensat e on t he
outside surface of the first set of rotating shells, the rotation of the
shel | s caus) fagher lowetgritepressie te 8 sewn( BdLcayPrese bptwebnibe B8P ace of t he

second,, 80L Qhe fr&ts@fdfﬂgaﬁ&@?kél@andcthe 6@tilesiratgofitiresecanidends adtatingr om t he 1 nsi de

surface o% the secon at i ng shel | g the sludge
from ﬁ'I*R‘JS-|t%eﬂ@d§ﬁ?LF3‘E%reWret%5‘g$W% oughlp CalT'S% o‘{% P(@ nd! thgﬁ%"ﬂ%%'% The net hod
of cl ahdwréaté b vagove andopgpiande regaintes Stbldgﬁiensat e flow ng off the outside

surface of the first set of rotating shells V\herzlplt c& ects, directing
the col | ecerempmstiantaveror pusldiiesing i vaRerdo Bie sparelesAN 15815458 si ng t he
Conde@t?r%'fcé ofhd firdfset dif@ot&hﬁg kB4 BRBthe inbide axrizse ofthe sepbiat ebof rotalingappar at us f or

rifying contani nated i hasha mder | ess than
a”b' eﬁrt‘e"g RS ERPe Coaﬁdlnﬁﬁndc nggnss;nﬁQankac&%e %%oﬂt{hg&gﬁanberée éafw ng at | east

a fi r sitst sehdf ratatrechels, the etasioa P the %’@H%‘@ﬁ'ﬁ'ﬁ@ e sprdepsats BegShY Bhout a conmmon

axi s WSIdég&%EégnheQ&gﬁ’u shedrbtafidehéig; an inlet end and an outlet end; a
cont am nat liquid inlet extending fromoutside the outer chanber to the

inlet end @fcoldchig the tdtiershielflom tee iosipsuiasnt ttaspadsetairdtiatbaskele out | et end
of the gutlet end of the first shell; a clear path fromthe outlet end of
the f2%PSt shell to the conpr essor and fromthe conpressor to the inlet end

of the Secgﬂ&:uééﬁﬁé lhe sRAGOTHARE Heldk sGritck of thelrarset afeatatirsbefist he out | et end of
the first and a purified liquid outlet downstreamfromthe outl et
end of7 t he TResemed sfvidirh 6 further comprising the condensate flowing off the outside

surface of the first set of rotating shells where it collects, directing the collected condensate

toward the axis of rotation and passing the condensate out of the system near the axis of

rotation.
8. An apparatus for purifying contaminated liquids comprising:
an outer chamber under less than ambient pressure

an inner housing within the outer chamber having at least a first and a second

generally concentric shells rotating about a common axis of rotation, each shell having an inlet

end and an outlet end;

a contaminated liquid inlet extending from outside the outer chamber to the inlet end of

the first shell,

a compressor downstream from the outlet end of the outlet end of the first

shelt;

a clear path from the outlet end of the first shell to the compressor and

from the compressor to the inlet end of the second shell;

a contaminant outlet downstream from the outlet end of the first shell and a purified

liquid outlet downstream from the outlet end of the second shell
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42 9. The apparatus of claim8 wherein the Qutlet end of each shell has a

| arger diameter than the inlet end of the shell, 10, The apparat % q:f |
claim8 wherein the outer chanber conprises a pair of hubs ali gneg WI%F%‘I 200
the axis of rotation, a shaft extending through each of the hubs, each
shaft supporting a bearing, and each bearing supporting one end of the
inner housing for rotating about the bearing. 11. The apparatus of claim
10 wherein each shaft is hollow, the contaminated liquid inlet conprising
an inbet t oheappstaandt dgmtdwhenghthe netlebéndtdi eadheh¢ldies sikigersiameer The appar at us

of cl ﬁ{aﬁ‘tr{le]inl&%{glgﬁﬁ GRYPrising branch tubes comunicating with the inlet
t ube, e branch tubes havi ng at | east a portion adjacent the inlet end of

the fijpst $hebdparBRGf cidin d \@RSdin BB Butbihembacompriseraipaiabfinas alighés! t he br anch

tubes, .the 1njector injectjng contam nat i ouid . i inle n

t he fP’Vft%%heéﬁ‘éf’i'.otaﬂ%“:a'f*}‘FE‘eékﬁ%?%@ﬁ)ga})?acﬁIogﬁﬁhgsa%@ﬁg#%%ﬁ%&ﬁglagt tengsdm? fthe
shel | seating, and phcrtmerimraipiidning opeiendaf therienier bausing éor sav@ting ot Becopl anar, the
corrpr%?a?%_ conprising a fan nounted at the axis of rotation. 14. The
apparatus”of claim 13 wherein at |east a portion of the fan is nmounted

2?1;3 iaC &T.g ]E hﬁ? %@Eéﬂﬂ oPbiaitnh® vigtdirdacke st istollbwn ehesdvelaminateiFquid st appar at us of
m urthe risin Xi f tati d
connuﬁ?’E%{’tSWHG'_”\'MEett ﬁlggggé?dg'ﬁqii@'%% °§‘ﬁ%§‘§"§%’§§a‘°§f (S:I gi mrg \Z/imle(rjgi ﬁnt he outer
chanbgs COE@% %@Etﬁ;ﬁr% gﬁé’ﬂirn QA dHePSnhibisg S Enchwited coumitisg @k thet at i on, a

shaft ‘exte gh each of the hubs e. S i sin f
Mbunt &t e theebranahduksp hpwgR! g FRS"EA éaaﬁenkﬁ%mﬁgﬁ cg.%he%{ft Sﬁ%qlgmgpp:ir gt 35 SP
cl ai MaBexdhRcaihjBctbivemaiuhiesting vith thiedranciotupes, the snjectqpinigctingf contgdatedi gned with

the a %usldsigﬂzatﬁeﬁhl@ttérwf}%fth@ﬂ&h&feﬁ extendi ng through each of the hubs, the
apparatu urther “conprising a first collector ring nounted adjacent the

'tﬂleelt ;?—”SS?T‘% i;@%n%a?w J:I§inﬁ{\‘ir;éﬁé1r\’ih@%le§_endﬂ(ﬁﬂﬁts&éllslaaa’@ﬁlanérhamthbhe shel | havi ng
r, a stationar i . ext i fi
ol 1 ot ods ghne ghalh SepPRtr i e MR B AL e & PARe TS

puri f yotatgncont am nated |iquid conprising: rotating at |least a pair of first
and. second concentric shells about a common_axis of rotati on each shell
havi ng4an Thperpaeatis cAraiBUHErdh? legte RARtIoN RHBP Taljs Wﬁ%e‘#af Ry "Mhe axis of

r ot at ipRRe MKk AReIALEbf tsdigHemce facing away fromthe axis of rotatjon~ the
shel I's being under vacuum injecting contanmnated |iquid at the inlet end
of thasfir The sppetatys of Heimct@rfurther eratrsiging p duat aboubthieaxin gf ra1flMA™ t he i nsi de

s_urfaggm,g[miééaﬁgm,{tﬁéfaﬁhe!I to create a purified vapor and a remaining
i qui d contalning contam nants;
1

B. The apparatus of claim 8 wherein the outer chamber comprises a pair of hubs aligned
with the axis of rotation, a shaft extending through each of the hubs, the compressor

comprising a fan mounted at the axis of rotation to one of the shafts.

17. The apparatus of claim 8 wherein the outer chamber comprises a pair of hubs aligned
with the axis of rotation, a shaft extending through each of the hubs, the apparatus further
comprising a first collector ring mounted adjacent the inlet end of the shells and having a
diameter larger than the shell having the largest diameter, a stationary dip tube extending from

the first collector ring to an outlet adjacent one of the shafts.
18. A process for purifying contaminated liquid comprising:

rotating at least a pair of first and second concentric shells about a common axis of
rotation, each shell having an input and an output end and an inner surface facing the axis of

rotation and an outer surface facing away from the axis of rotation; the shells being under
vacuum; -

injecting contaminated liquid at the inlet end of the first shell: the contaminated liquid
boiling along a the inside surface of the first shell to create a purified vapor and a remaining

fiquid containing contaminants;
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43 applying a pressure to the purified vapor to raise the pressu {
purl- fled vapor and direct the vapor to the inlet end of the sL@oﬁgs ?ﬁﬁ

shel I, the purified vapor condensing as purified Iiquid along the outer
surface of the first shell, centrifugal force projecting the purified
i quid agai nst the inner surface of the second shell; and collecting the

purified | :agwﬁgdé presautd 8 teluRied ver torbist the peaswa dr tshlrk flandipeol | ecting t he
remal ryng] girec{ tﬂg I\.fapo]; t’b?rﬂe‘ ialgteeng %F th tsecgl%j sh%TI, tﬁehﬁxr]ﬁguqf?ag& c%ﬂf‘elnging §s4

purified liquid along the outer surface of the first shell, centrifugal force projecting the purified
liquid against the inner surface of the second shell; and

collecting the purified fiquid from the output end of the second shell and collecting the
remaining liquid from the output end of the second shell.
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