;e3e\z6T%  SALI NE/f SEWAGE WATER RECLAMATI ON SYSTEM BACKGROUND OF THE
| NVENTION 1. Field of the Invention: The present invention relates to a
sal i ne ap@ @awewe water reclanmati on system and process USIOTRUSM2EME I ene

ef ficient vapor conpression/vacu pstillation cycle. Though the systém
and process has its greatest usemmnmn& “Wﬂer or contam nated water, \( t
al so can be used to reclai mothe 0 renpve toxic wastes from
fluids. 2. State of the Art: Distilld%en is a cormon net hod known to
remove un want ed substances froma contam nated water supply or to renove
salt frombrine. The SNLINE/SEWNGCEVWATER RESEAMATIONGSYSTERM change between the
differing vapor pressures of the contam nants and the water vapor. Phase
change bgAQKGBGUBiDiQdeEdN&!ENTIQNt he process by which rai nwater has been
recycl ed conti,nu i e fl T 'S

wat er bodi es a1r e%%z&e%f@%/s e%%‘%ﬁs%é%%ﬁ%ﬁ@ﬁ%@g? anﬁ‘%:égwfe %:Elfsfeég\{altg%g vapor
pr essur ewatfee tegamatidnesystene and prbgessidsind an axirermplyasfficien daporecomgaesS | ux from
solar radiation acting on the_water body affects the anpunt of evapgration.
O sti |1 apayerint fistifafion tyres Pbiendhe Pedeiand Rifresshab s Seatestisa Wi,

rai sed tgnifwerpicohf2enimate vaedr, ivalksercan besed 16 folaimtotiserdiuidsveto rériveid i C
conversions are af%gr; Xjmations.) Therefore, to distill water at atnospheric
pr essur e9Xicastess g’y'dﬁust rai se the tenperature fromanbient to 212F

(100C). At that Cedtpef HeUAre Di¥aEsn RA tdmMBA MEARSY kifgwh toGBmagé 0a- f rom
liquid to gas. Once the water vaporizes, a cold source nust be present to

condensewantgdisHbstaness o & qontanaated WalRUPPHRE t?r{ﬂf‘o‘(f's?"efm priggralheener gy
to remVﬁroEé@éoJch%%a%@ie@ti\ﬁer &%s@@ﬂaﬁ?@@éﬁ(e@nWHiﬁBW%W'p%S%QFHSC& to
condense the fluid. Boiling contam nated |iquid at atnospheric pressures
usual | y thesontamipaa apd drowaisavagory Phasaechange byeyaporating watesis thadrec-
managene I to
1000), a&%&%@@g&?@ﬁ? fe%wégg%'?é& glcllf3 ﬁgye‘ﬁ{cugﬁ ﬁn-cgﬁrﬁat%rmr er pgﬁ?ér?a(t%es, t he
t enper at eanth. dihbfeartbisoeatef baties sregupeatsystemBn Eonseqently, \the halagge okdjfier-ed t o

tho vaporoaneciepilis PafheeR 1 pleoduy BREFRSRARsERd s sPGRHE Rasthubare >
expensi veolaoradiationetivg orthetwater Inopycaffeictsythe ‘amduint efedviapotatiob.oi | i ng chanbers.

They have fou their.niche.in specializ i.cation For _ex e, in
desert regi ongﬂﬁtg%ﬁo'éﬁ %@gghaﬁqos@ﬁarép Prﬁﬁg‘?’egﬁﬁiesﬁl‘fsheﬁﬂ”’.‘% r?ﬁ’sggg Ehe

appl i cat béilisg péifitofiater, 2a8% @DO°C Yt sbiadivet ribletric convbrsfons drdiapprogichd-or 1
SUBSTI TUTE ET f%RU E 2?& WO Oé/gC?SRZU PCT/ US01/ 22715 got a?l e water. One
al so mayl Hﬁler? e 1P g5t ate ot ehase %P'@Sfll'fﬁsélﬁﬁ"iﬁﬂ?rﬁ ML ERE KIS toxic

t hat t helenipeshtuRefréREmashtits QMR4FE 00t e At tHoteniitrituie; waitewils bRaREr at ure
distillation expensive, it can cause an additional problem Wen processing

cont ani nBe&es| shaAnging fofaﬂiQ'_éi@ﬁ‘? 4% Qﬁ‘-’_ﬁéh%l"‘@@r"%?@%ﬂﬁ 8 CRI sutRedBYstRey her

t enper at BrRe/AP coAYSRRBIN water fr6RGhe WAferRBPYE Bhelist WBE 3aHt6Fal che _
reactions can form hi gh nol ecul ar wei ght nol ecul es that can obstruct boiler
wal | s antp iemayve deabfieme enld frae and craate)n cpalipyous coldspurtedts oondensedben t he
wal I s of yggganic cells wi thin the contam nates, which can release toxic
materials into the liquid. H gh temperature boiling can cause sone | ower
mol ecul ar - wei ¢iailingenrdamingtasdiquis atgiopspheriamressupsdiseally has Retdegat er vapor
toward t {g,s% ; i ) f'%lrrﬁﬁ for
sal i ne vvg %rirb?r[rﬂgag anabl?'?(;%\r@%ﬁg%ﬁgﬁlpgtﬁgétgn(%)r)satgﬁyﬁgﬁzﬁear e n(')?wuese o?sl ar ge
appl i cat fromsabopbg@iFt to 2I28DI2A4TE toi10A°Chrbi1dRtE (H1eChiempenaturd differenem(4hid R O,

a1 ce ol SRS seeheRearre' fiferch@ SR ol TAS RSB I0Y, ares
had al nogdquired eahestiiater t@rhﬂ)ililngsmdtthatair&@inin'()oggiémexbrgad)dl@n&umfo d:glggﬁé@g:og gl) iy

113.5 m Il | | , |d b in 1970. B

b xcoeqeatsRlgmaKas FaBondl MAte R IR SR el opepite AR o
qui t e sMplitho@QUERRY csdtly, O niutPeffdbirusdilingedhaimbess: Thay hage fdunt ekeiShishem For
exanple, the United State

> | . Ceol ogj cal . Service reports that ov rﬁ%l gresh
wat er wi EPRAARH SPPICaliRas.(iar exemBeatneieser 'eggas 280Ce80 6" KA e(¥rog x
102 |it esRipp@hd AR¥pace@pplcdtionsBHe by tradé affithigh Shersy dasEfof lRMRIddI fenal
boilers. Boilers are an ad vanced art whose efficiencies have been studi ed

and docunent , McAd ans, W H., Heat Transm ssion 2d Ed.,
MG aw Hi | | j mw m l”mulﬁm 137. Boiler gnd Condenser Phase Change Processes:
The energy requirgegd. .0 pro
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duce a liquid-to-gas phase change is defined by the heat of vaporization
equation given by: Q= wil, . Were: Q=Heat energy; (BTU w =Wight of
fluid toweeomaperized; (I1bs) (err)hv =Heat of Vaporizati geroadseibeé! ui d
(BTUIb). -2 (1) (1a) (1 b) (1 c) SUBSTI TUTE SHEET (RULE 26) WO

021 05920 PCT/ US01/ 22715 During a continuous feed flow process, the required
energy per unit tineis J sinply the tinme derivative of equation (1 ) and
defined by:Q = w Ch,, (2)where, QHeat energy flow, {BTU hr)(2a)w ="Mass"
(weight) flow of fluid vaporized (Ibs/hr).(2b) The heat transfer rate

fl owi ng mﬁabvlemtem@nbcailé.oamaaadc&pmltittehﬁgblene@ympshs vdreTd thenedritaminahtshare h

connective an ductive proce gi ven by Newton's Law of Cool i ng
defi ned Ei?ytoécqh%%@{ P‘)U?t b? %%vgﬁijﬁo ﬁﬁ%?%f heat transfer coefficient;
(BTU (ft2 hr Iﬁ)dtbg@??hlg@eerem;ierétmd @stll&tlomad@emsﬁafe niceacagdd ah) &ddifidnal = TC -
TB = Te at u | fference t wee condenser F).(3c)n

Conput o TBHETS VNI profesaing atian BRtkeBdRnel ERRT Midsrals SR RigRIRPEr | o

ad- di ti oqule¥, higheatemperdiuve Barmtaldeainehiica séations bliwedn theehdisculbs, Sdme 1 + 1
~(4)U h~ hB.Ic, ~al rt~~urr See nsmssmn 2d

Ed. . Mo GRAGIGNS|qanfomp highynais eu'a@\ge'g%ﬁeswﬁﬁé@gcwﬁe ot b RIS Ay

def i ni ti @BRs BGamRGRAAAAE HidPBApcRARes AIRNSEER dé@ﬁftﬁé wamforgﬁlwééf g2 hr
F)) (4a) hB=Boi | er Tocal hea transfer coefficient; U (ft2 hr F))(4b) kwal |

. kf | ui awithim gereontamingtes; which s r@lpamthwamaterlalﬁul@to tt@wq fHigh tem-
w i pouair boleg caT G RENERe Riref GATRIIR confeliinatpe B KRR RRd. | Do
conput edmigyateovithi thie wpterq@por tovard the eanglepsyr. yi el ding: W- UA-T ,b { )~1~,1In
0 St 350 L) o U0Vt g 40 e Bl O L1
tion. They also are costly and are not used for large applications.
Despite problems with ambient-pressure distillation and R.O., desalination
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 million gallons per day (Mgal/d) (113.5 million liters per day) could be produced
in 1970. By 1985, capacity exceeded 200 Mgal/d (757 million liters per day). Still, that
amount is quite small cdmpared to the annual 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" liters per day).
Conventional distillation systems use conventional boilers. Boilers are an ad-
vanced art whose efficiencies have been studied and documented. Ses, e.g., McAd- -
ams, W. H., Heat Transmission 2d Ed., McGraw-Hill 1942, pp. 133-137.
Boiler and Condenser Phase Change Processes: The energy required to pro-
duce a liquid-to-gas phase change is defined by the heat of vaporization equation given

by:

Q=wAh,. (1)
Where:

Q =Heat energy; (BTU) (1a)

w=Weight of fluid to be vaporized; (Ibs) (1b)

Ah, =Heat of Vaporization of the fluid (BTU/Ib). (1c)

-2

SUBSTITUTE SHEET (RULE 26)



where, wG =Mass flow rate; (Gal/day) CG =Constant conversion to gal/day =
(2418.3454). Quantities in each preceding equation are tenperature and
pressur ewdappsshoent . Consequently, the optinmum t her nodynagirasoyedres f or
contam nated water or any other fluid depends on the fluid and

contam nants. Most fluids have known properties, however. Accordingly, one
can account for the particular fluid. Further, a conputer m croprocessor

f eedback and control system can adjust for any specified requirenments. Heat
Transfer Performance: Equations (5) and (6) show that a |inear increase in
t he overal | h@aringmamatisnousdeéd fiow pricess,ithe reqperes ankegyes uaittimetiput | ow
rate linearly, lncreasing the te ature.di fference requires added energy
consumtﬁ'%ﬂlyx%hmgr%r'éﬁq\%l qﬁ&f’ﬂﬁgi?ﬁ#&?@‘em'ch is not controll ed,
determ nég 't&fe wor ki ng tenperature. Therefore, maxi m zing the heat tr?gsfer
coef fi ci At WMt hout increasing the working tenperature T or the terrpe( ture
difference 0T.i s advantageous. Thin boiler wall thickness: It is inportant
to utiliwherg Q@r'ﬁeﬁtWﬁfgf{gloMé@'E‘é’ﬁﬁ)enser (6a) (6b) wall surface thickdaks
twall, with netals that have high heat conductivity kwall. Typically, the
wal |t hi eksidass’ (welghtMlsenofflugdl apanizeed gbs/br)0. 015 i nches (0.25 mm -- 0288

. The heat Vi 0, i il . 1S
Rbbut 25 BT (18 AT b s oulid Brnwatn'tHE bR angcoBlen®R |« A (AR
conduct inagtioy ofibath donaestiverandatoadodtivb erosssse® Gnd BOyivencbyBRewdn'sBEHW 6f t 2 hr
F). Thin.FilmpBailipg: Mnimzing the contam nated water fluid film
t hi ckneggooi'ﬁgi(ﬁgf'e‘i Hg boi l er surface inproves heat transfer to fluid in a

boi l er. nventi onal boil ers do not create a uniformthin fluid film3
agai nst 41 er surface. Consequently, they nust rely on high (3)

t enper at gradi ) the fluid film Thin fji

boi l'i ng \M&%ﬁawgé\gegéﬁQééstpai'gpﬁv%&%ﬁagéﬁ kﬁ%&pgﬁat ure. In the pri orc33$nt ,

t he thi nglidwaraf b(giieq\gjéi)r,idgng@@p@;t(ﬁﬁ along the boiler wall in two difhgrent
ways, W ping or spraying. By rotating the entire assenbl ¥) centripetal "g"

| oads cadfe Tchels+ Jetpemtuwerdifferenes betwern beilertéd rendegaehiSt)-t he boi | er(3c)
surface. Int resent Lnventiagn, .injectors-adj.ust the LLiquid fil '

Thi ckness 1 n ATebiaBes ek iphsTet Stelodet 5o ool afiback

| ogi ¢ cadifish ofscdn individual hedt trbhsfdr) whjphtyiéldow rate to the prescribed energy
consunpti.on.. Ap Iicelnts recogni ze that rotation causes centripetal |oads.
In commﬁ-:palrpk ny refer to this load as centrifugal force. Thadyh no
centri fué’al h$ orige [Ixisdt s to act on the -4 PCT/US01/22715 SUBSTI TUTE SHEET
(RULE 26) WO 02110, 940 PCT/ US01/ 22715 liquid, the application still uses
the term"centrifugal” to denote forces causing Iiguid to filmon the

i nsi de on t he 988 P& Medargs, WiH,j et TransrmiseioAcdb EdaMessawrill {1842 PPy
mai nt ai negh_ : i idm@- (25mMmto 0.51 mm).

onvent § o P e?@%%@?%@ﬁ@%@ﬂ%ﬁ@&gu of a filmthickness.
Consequent EContiéveser Iddal e hantfet cosfficiante(BRUAR hrt’EY) t o operating regides at
hi gh DT tenperature differences or |arge gé)i | er surface areas A because the
boi | i ng hgaBoilerdocH deat tedresteramoefficiedt) (BTU/(f gh*Fpi | er heat transfer. @hiler
conditions of relatively low fluid velocitie Reynol ds nunbers, ),
convect i Grudiae 5h§§@“§ﬁ‘éﬂ3'é°tww8§é’gg’éiaﬂg\ﬂ@ﬂnfq@% F%ng heat transf@é?
rate. Thin film Ll i iler create a condition whereby

nucl eat e%“lﬁﬁfﬂ"f“n@f@%e%%%ﬁ?‘ea({6”?rﬁ§vn ?’glrl kfﬁT whi ch produces hi gh heat tﬁ'gr)lsfer
rates. The heat transfer process with phase change is nore conplicated than
the normal |i gfiedMpFRlew.on) ip ROYRGR BEN Rpvrof Bridied fluihromdbe disfiiatisa unit
convecti %b@@ﬁnﬁ@t@d‘iﬁ%ﬁﬁﬂﬁn B&uATRhS PecdrRI(8) Piidinys! uding the fluid effects
of viscosity, denhsity, thermal conductivity, expansion coefficient, and
speci fi c helAd] ong with the geonetry of the system However, the 5

mat hemati cs Alyr "heat transfer with a phase change al so includes the sin)face
roughness characteristics, the surface tensipon, the |atent heat of
evaporation, tiReinRs esgalloRs pbheay & ina¥s 80w, af.hejualks operties of the

| i qui d-vapor. The entire process becones so conplex that enpirical

experi neq} al ~d&¥aTand di nensional analysis deternines the analytical (6)
expressiofis. ¢ Ap, -
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The weight of fluid against a boiler surface is a major cause that allows
heat transfer to take place. Therefore, artificially increasing the weight
of the fixg ¢8yosubjecting it to a rotating "g" field aggigragsod2zeMki ndri cal
surface causes the boiling heat transfer rate to increase. Hi gh condenser
heat transfers: In general, the physical processes that occur when pure
vapor condenses are conpl ex. The processes involve a coupled transfer of
heat and nmass in which the |atent heat of condensation provides the heat to
be transferred, and the vapor and condensate are the transported mass.
Condensi i t ycally are high due to the large | nt
heat ene{ra'ggnﬁﬁg a?%gﬁﬁle\& r% é@/az;%)é . Wien the condensate remai ns as d?%%s on
t he condépseCossiattanayersion toigaress= (RERBRES4) ess ef ficient. The drops gp)
remai ning on the surface prevent new vapor fromreaching the surface.
Theref ore, ren8vaniiiedinpach recedingieawaiionsiie teraperatuse snthpeessene dapehdee

oo v 1€ ORI AR ot SR80 bl iy B

r ot at i ngothieefldid deépands omthedluid ghd cordaminasts Most fuide hawed kndwn repehieeywn of f

th : [ I te is th ff
the wal | HEWSEr NEdroind, SAEaPadiblibfol B RETGR (RF FRERS: Repruti e, * o
recei ve um@purcesShivbBddackanddentrdNybIENObaTadjugtirfonanypsecifib eeduiimdrite pr esent

invention is t iscl ase,and provide an effi_cient e; reclamation system
that can di stilﬁ?gtbﬁ%%sgg%ﬂ?%gﬁgfe'cl%WEW% @8&@&&%@‘ Q{a["&‘?ﬁ'd'b%rP?s%y

r educi ngintthe ogysill disattramsteradoelfTiant eSAtreaséNtheeystehheutaiTRw RtekTaHrg. of the
contam nated {1 L& d, boiling ¢an occur .at egabi ent tenperatures with a snall
Lenper at (a9 0P deBecras diference requitosgHdsH eneeay caBsURRIAN heGbE

t enper at ghtdnititbinperad@e vhieR iR cohiisliedl datetriings B Werkingtempaidure.
condensaﬁ_hon occur on .the other side of the wall, heat transferred to the

wal | by et RIBANIMIENY the; heat Hangpoenedficieniafigout iperepsing thgywerkingfemopposi t e

si de of phatwal or tﬁé”iérﬁﬁ‘érauﬁé’ﬂﬂeféh%b'A'Tgsta'a@arﬂQ?écﬁfs/. condenser wall as a

cylindrical shell, having the boiling surface Tace toward the axis of

rotation of th&hipbilervel thicinessel is impartanttotuitize g iverydtain batileditorideaseaixi s,

heat tra L [ 0 t ' forces agn the fluid.
Ol Sarh L hba  TREOHERIEEL A B gl o5, el

Li kew se, because nser Surface nses,

the dr optheahalCBrurEsHE Detider M0 P0VRcRES to 11015 MHBH ERS5 Ain L-arss mhaihbeaves a
cl ean suyface to receive vapo i i npraoves_condenser_ efficiency.

. por, which inmp .
Because Bf24QBAUGtYHY F stealraifygical bailgpwall suracss iswhout BF BTV @hraF) 61481 ng
boi | er/ coRARRRKT), hlvi (rereety i ' E,@éqhei es.
Low t enper at ur ?)b‘cl‘)}ipﬁhgyéagns ﬁ?mlzes Iscggpg&ghtgﬁF éﬁt{?{r?gf;&g?i eﬁﬂtge ol l'i n%lbbv\ﬁlal I
sur f ace. affthB6,080 [BIWH(ft e °B)i | i ng heat transfer rate to be nmaintained at a

very high | evel,.. Q¢ .ect .of .the present. invention.is to. maintain fluid
filmthi ck'nes?”U’é?B@ﬁ@@%&ﬂ%&ﬁ&%&ﬁ“'ﬂﬁedt"@@'ﬁ‘i‘%}ﬁ'ﬁht%'cgg‘?%ﬁ mn - 0. 25
) . fTh eapdinst the bmymdﬁ?c@ﬁlmb%ﬂﬁ&%ﬂ br/gn?f@t ﬁth ﬂuMlF in @D@i@fﬁ@om@'ghém bb]gr;at ]
transfer _rate to several_thqusan ft r : ot her object of the
present Ff '?(?té’ﬁeq% aypifging 'Bgﬁ'géﬁﬁ 39%"8\?'\2@8 bé’"%\yai‘@;c?e%oﬂ-séﬂﬁ?'i‘tb’m thgyst em
that propessety drihigh terapeatse afadiénts & tdhducigHt khrdMgHh &8 N HIFE ThBYfilRT

rangi ng rical shells concentricall the system of the present

hﬁ cxl in ly )

i nvent i oRCEMhNIMAlY Aperates aHgwerbsling temrgratiie: Insthedior aft, the hin filsa eh

i nvent i ofgui®i 4 } i j of in batch
mode. Thﬂgsu,@I(?E)drﬁdg’snﬁ%g?gg@ﬁi?%kgﬁ?gﬁswﬁ]ﬁﬁgelgﬁ‘,g?n%’mh%fﬂeﬁ?aggér or ot her
purified flui Beatatingithe eglirerassemaly. a@r&rlwﬁhi’:m&s 68w3g thaduis tp foim Rewi se,

t he sal t i i i exi ont | d ar
e, 52 P BB A ecH o iR BB RIS e

liquid film thickness in accordance with the boiler rotation rate. Computer feedback logic

could maximize the purified output flow rate to the prescribed energy consumption. Ap-
plicants recognize that rotation causes centripetal loads. In common parlance, many -
refer to this load as centrifugal force. Though no centrifugal force exists to act on the
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W O 02/ 05920 PCT/ USQL/ 22715 Some or nuch of the contam nated fluid Iikely
w Il not vaporize. Thus, the sys tem may not convert 7 00% of incom ng
brine, fwoexmap e, to potable water. As the percentage qganvesdiethis

i ncreases, the boiling point rise increases, and the energy requirenents of
the systemincrease. This occurs because as the salinity concentration

i ncreases a greater tenperature increase is required to boil the renmaining
fluid. Brine fromseawater is inexpensive, and returning brine back to the

ocean at sl i ght gher salt concentrations usually is acceptable.

Accor di rli§iuig, %?ﬁﬁmﬂﬁcé’fdﬁn gfll ltsﬁeﬂpﬂ’@sl@nt:entnﬁuealt' todenate favced tausingt ligual oeep t he
per cent afg A thRfiddide § I%psi‘f@ bel ow 100% use |ess energy and be very
economi cal . CBn ere the systemis renoving toxic vvastes

whi ch nust be le@flh,fnitmmesspaisesiard usvatly mainthieed betweenaibouh@020imt (i . e.,

limti th.th t babl

dot + apr LD EAZRH 100 5t bR L RERAN S Mol bt i S TR & i yis

per cent dhiekndsst ﬁeseeapmmltlya,rthelatmdugjﬂpultﬂaurd%ewﬁrdﬁétgiOYOpe@étQ{? imed gct  of thfe
erent types o

pr esent \Y tlon i esi gn S can process

f1uid frm@?g %’Bp?@ %Fe@‘%i '%!ﬁ%ﬁ)e"ef/féh'%%ﬁ%?f%?ﬁﬁ%%c%'ﬁet”r%b?!l"&ent

i nventi qmdtﬁahgeﬂpa?,@g Q,%qeaur@cprow de a construction for the present
invention in which the various parts can be constructed at relatively |ow

cost. The predtft boilgrret irnsigre Inderrasditions o&sﬁlatwawuI@\wﬂu@rveﬂcaqﬂase(wmhel |'s.
One obj egé n@fdstrnﬁnwgrssf@aot cbm%géﬁ 8Rd ﬁaéeocr%rnaw ﬁﬁ ¥ G ! 61@ for

constructlng_thes el I ncl udi ng pOV|d|ngs anet ers.
Anot her hsist Bapsfer fﬁtf‘heTWﬂ flsreanditipns it therbailer creat&s@cmdmﬁﬁwberehy nude:ptees sor

for rai S‘d(ﬂ?ﬁ daRDcBFRABRIAA '\?vh?d?\dpreaﬁée%%@? R&t%%%\fer %QQ T Or% e%ltf'{rg%(sf?

directing e vapor to the’'condensin aces
pr esent procasstwittmphasetahadges s mee m:npplmamslsthamﬁte rioemel licRid pitaserordp v~ t han

ot her s t ns. Anot resent ntjon i rovi de water
or ot he?lvsel‘C bif arolﬁggjg hﬂ&"?(ﬁ’ﬁ' ﬁg?nvcegﬁorgé)np&ap eS6H etlﬂwtbf’lrﬁmﬁﬂ‘i‘g@pynw Brpendabl e
mat eri alcuding thediuid eifebtp bbaisssitpHenaily, iasmal LOMMLCARRS, BkpaHatn ddefRiatt! h

ni mum nmaj nt enance, To ac lish these objects, the present water
recI anatqr%rf‘p@@‘?@ﬁ?t:@ﬂﬂg étggrr‘gg‘%%m?t@éoﬁhe@bi EhHOW@V?'hﬁ?? patematics ¥ shel | s
nount  WiHdat frafsfBOWRR BPphabathafie Ao ﬁ%ldab@'tﬁbe%rw&g%ugﬁﬁ‘égé'?h arh¥ferigisacent

shells forma boiling space, and one of those shells and e next adj acent
shel | fdhﬁﬁaﬁméﬁ@nn@eéﬁi&@@*eatﬁhgvamriﬁlwothemfew doe densityrandrather a

t
SUBSTI TR Ly TRnae e T8 i pogele Boticn e Bt aical -

boi | i ng ¥¥pad@ental Gé@rﬁﬂ@'@eﬁ@ﬂmléﬁgb’ﬁls deteratingsdhe @palytical pxpressione and adds
heat to the V"qfh@rwéf %rfflﬁlﬁta‘g%lr{spﬁ resrurlggé |s%a niafor claHééjthQ V\hllo%\hs Mhe
open to

conpr essor transfer the va e condensl ng” sp
t he dowdEansteste takeelage. | here&@ﬁpalﬁﬁcseliy indlieasing e welghi dxfdbe flbid bycsutbenser

wal |, I N shace. The
vapor mn@mﬁst:tg%a t{ngaﬁa]?%lrj% %eg@? )6{"? héﬁ'%ﬁﬁ‘g&eﬁ?ﬁ@%ﬁﬁr bq&ﬂ& at energy
boi | s ndw@nsfencataitoindréapei d. This mini m zes the heat energy that the system
uses. In ot her t of copde saI on in th on denser is
transferred ané‘y)f %%ﬁdeaégﬁj Zgr?ﬁ%fe g?nemla heg y§'§ﬁ'cﬁ’?§%ﬁsf38ﬁ‘a\? RC¢¥e boil er.
The systwenmedyapor Mnmre&:mnqmteben' helpmebbes m@lr/@n codlipamahsieapr essi on
to corrpl cle f vapo, tlonto co tlon The boiling
surfaces%%f ar?nﬂg]ag é’?Y"E" *'3'3% ?{g]hﬁﬁf)%{ ?'?JstagPFBHOV'%?éB%ﬁG?@o berd{ANS qui d on
t he b0|h Ifemer, s;mdftasea?@fmld\mmdadshid agp ﬂ1|@rtfaﬁ§poﬂféd Mass. errJd'ﬁﬁQ? hegtfl uid flhow
onto t ur. m al so can maintain the uid as a thin
film Tﬁﬁﬁ‘s rrﬁgﬁi\fﬂ'q S%E'QE&H%?JO@ lgraedatenhpedt coerqyrrontaingd indlp¥eer rate.
Because gdpe condenser surfaces face outward, when vapor strikes the surface
When the condensate 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 outward,
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and condenses, it imrediately is thrown off the surface. This | eaves a

cl ean surface on which new vapor condenses. Hi gh g forces cause the
condensat o2ns¥zea pure liquid, to collect as a fi]m al ongdmgsoontas shel l

of the condenser space. Tapering the shells causes the condensate to flow
toward the |larger dianeter end of the shell where it is collected. As the
liquid boils in the-boiler, the high g forces maintain the contam nates on
the boiler wall. The system s construction prevents.the contam nates from
fl owi ng back toward the inlet. High g forces also cause the contaminates to
fl ow al ongattrigeth@ooh@afnsmahl a hlghg\cau'seythee«amdenMeemde diroWh@ffvtaé kont hey are

t hrown ouyt war d ng ﬁl? iCtted I n rﬂi From the HE’% contan nates are
punped of CHEHEAN 321 Y %dﬂ%ﬁ‘?se&f"? lenAG s °W'°r8 ey HE”%HH'& ¥ and
pure | i qandicompiated) & yislald @efacemhatfis wady adsaivesapod pure |iquid can occur
at opposite ends of the shells. The systemcan deliver ultra pure water or
ot her | i BHMMARYQRTHE INENTION ysed for toxic waste clean-up applications.

There, the systRmdidied baeeﬂ éthes Bi%%éﬁltlﬁ%rﬁlbh .A<toru1§cu8§e éﬁcﬂb&w[ds%t&m hat es

i ncluding nitrate poll uted |'s, cyani de po m nes et rol eum
pol | ut edcigalwateg %Eatm'?cﬁ%ﬁﬁ@hthaédﬁﬂbdléﬂ“ brmecamt @themmt@mf@tﬂddiqnw atn wat er .

I n i ndus W%ﬁ% dﬁ”@k%m 4 stérﬁét lveF‘at|Wgt°ptn$£s'u|'=‘zfto°r¥2-;l%a'r‘EheS R t?e%g&r%eéfrtge

cont ani nat e I ons f e atin coul
separ at eceniaininatast #uid, koilhgodasrocur at afmbmmtvtamperagggs SiB S mMairenpideiirg RULE

ol kot r o HARRELLTF 58 cof - SLParel B telinbih kbbb B e e

lﬁse& d gr siag of a@mn baherulalcand d:diweﬁﬁaﬁm&ﬁ:cup%d tl’iehﬂﬁé’r Siqepbi tha wWaliNsedtan be
an e WI

e Pr ocessi ec | o unct oni er di fferent -but
Conal 11 chrasleted 1o PE arel 165 gondenst hirosH proviegiareRnos baliag PaiiR - om ¢ he
descri pt F(‘j’ﬁte@s]g idd BﬁhSWIlPF@ﬂWereéBtﬁﬂﬂbﬁ@lhe %Blléryt%ndéﬂéﬁ?*twaﬂras FliRfrical
DESCRI PTI ON OF THE DRAW NGS_FI G i's i de sectional view of an exenpl ary

enbodi nemelbhavln@t%b@hnqwa&emq fewagq/@e@ﬁs(ﬁf rptation ptiheylindey endithen Fi gs.
2, 3 a”drcﬁatﬁfgethg%glﬁr%?tabé!@t thsu&@wﬁé@twaﬁ%rﬁﬁ bannga&ﬁgaak/aé YuEtpeiHgHYr of the

Water recl amation” syst em of present i nvention View | S froma
di f f er end forges agéhe I@htleerW@, bﬁcau%e therondenrser sydacs flaged putwaed, BstvaPPhg

boi | er/ Ceﬁﬂ%ﬁﬁ, éﬁagrﬂg@%fEﬁﬁdé}%%téjg‘rﬁstﬁfovs)nrﬂﬁe%Hﬂ&eﬂ’afer éﬂrf%e'fﬂéﬁéé(ves

enbodi nen reclamati on system resent 1 nventron. Fig
6) 7 anda&lwnesus‘ece ta)mblvelvemsr @mlahhmprm/teatcongemr bﬁnclenoyummese phthen re

CDE L i He08a Rar Ry e o e PP B Bl B e

bac kgr oumqi* priﬂ:te:aﬂyaai ambienttesyeratarasotow terhperature failieg nﬁh|@|ze§_scaletdr&1 sanme

Ve e Pr Bt B, I gRGHE Rl Hesl Pl Al T i e

of the ptahmlsa&dvemmigh level. of an exenpl ary enbodi nent of the present

' nvention One object of the present invention is to maintain fluid film thickness values
between about 0.020 in. to 0.010 in. (0.51 mm - 0.25 mm). The thin film under acceler-
.ated g rotation improves boiling heat transfer rate to several thousand BTU/(ﬂ2 hr °F).

Another object of the present invention is to disclose and provide a water rec-

lamation system that proéesses large volumes of fluid in a small system volume. By ar-
ranging the cylindrical shells concentrically, the system of the present invention can ac-
complish that object.

' Another object of the present invention is to 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 collected continuously. Likewise,
the salts or other contaminates also exit the system continuously and are collected

separately.
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Fig. 10 is a detailed sectional view of the brine or sewage input end of an
ex enplary enbodi nent of the present invention and shows the rotating

boil er. W@o2dsé20 s a side view of an exenplary enbodi nentp@fiuédig2yyat er _
recl amati on system of the present invention in which the systemoperates in
the horizontal node. Fig.- 12 is another side view of an exenplary

enbodi nent of the water reclama tion system of the present invention. In
the view, the systemis nounted vertically and on a stand. Fig. 13 is a
perspective view of an array of 30 such vertically-nounted systenms. Fig. 14
i s a block di &pmesmHelaf the contamieatpd duiddikelyivell notheapprize diws; theeysi on used

o Somel o BOLRI/ER RS, AR a8 e Sl AR, Bl TR IR T 1T
per spectmereen/ia@@\ﬁ@ivqmt@dtln@ea$85tf@| Hoilingrpoéni visé évcreasas dantbthie emierdyhve- pr esent

| vent! ks Sk Syl ohEd UL BBk oSl chbhnubtoh 2,
Fig. 18 Insreasss dgreatevte[rfpeeatmtehmreasd)iedéqmm toboll ke nerreseing fluidvBrwé on hi gh

. di al | i d t
st 91 ondrdREeHRatF s AR eChd By RiG e 53Rk G Rceah pErighuy Bidbok now ng-
predi ct esiallﬁnmnbemtimaaMSUaIMS a‘bﬁ}ptaﬁblé /FCE?fdl'ﬁdF* an de&tH’ {wmtgéérﬁﬁf\%ﬂhat orial

of is for erent she
ot ho Bina¥ T AREE 1 1R kasrog. e eauiions Ok copyatiec whll Dalf dA0% toalestad | n

the charénerdy and BS vefy dcopbmindal. @n PleasthériR@d! RAGRTHE 8Ystin'i€ Pemdvifly Rido  at
various rot atlggﬁmwﬁeeds on the outer shell of an exenplary enbodi nent of
t

the pres¥aR'es K esiefer g disgosgd;lignitingdte valumeraf they owtpy (i. Qhélm!itﬂgr and a
0.015 i Whé%nﬁﬁmﬁﬂd&@kﬂaﬁé\h&h@%ﬁ 9 c&*téfhmg%%?réﬁa%ﬂ) is desfralle. ﬁ%réf?or he

simlar graph to Fig. 25, but the predict ngent’ial stress Is
same si ZBesheystems mayPraress sendwawnzma higher memagepfthleselcqetsmmaie@ 27 is

a graph fi@vaREordMyly, Bt bbbt of thePlekEht ifienfion ¥ fotfosiif &)<t tha"

can process different types of fluid from brine to highly toxic waste.

Another object of the present invention is to disclose and provide a construction
for the present invention in which the various parts can be constructed at relatively low
cost. The present invention uses concentric cylindrical or tapered shells. One object of
the present invention is to provide low-cost methods for constructing the shells, includ-
ing providing shells of different diameters.

Another 6bject of the present invention is to use an efficient compressor for
raising the temperature and pressure on water vapor slightly and directing the vapor to
the condensing surfaces.

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

Another object of the present invention is to provide water or other 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 present water reclamation system comprises
a series of concentric thin shells. The shells mount within a housing 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 shelis also rotate together within the housing.
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of the radius of the outer shell assum ng given shell separation, inner
shel |l radius, shell thickness and shell length. Fig. 28 is a graph show ng
ener gy usagex/gero out put pound of water for different boilgrpéRasHses and
differing boiler-to-condenser pressure ratios. FiG 29 is a series of
graphs showi ng energy usage per output pound of water for different boiler
tenperatures and vari abl e boil er-to-condenser tenperature differences. FIG
30 is a series of graphs showi ng energy usage per output pound of water for
differing boiler-to-condenser (err)T val ues based on different conbi ned

nmot or com pr e&nerensk ¢fjagich holliog spateyis apen its a @opipodsseh ovhiictyraises theptdsag poi nt

rise in ratyre due to variations in

ot i £y T S LSS IR HeR bor BN Uatb TR AL WD SR b8 P RPHE - po

ri se i n soetransfers thevapsr toahé nondensing spacts, athichnarealpien t6lte downsdteagt | ons i n

saturateg,s ter te rature, -.10 BST|I TUTE SHEET (RULE 2 WO

02/ 059269@7{5%&?‘9%56%‘?&38%& HE%%H?&?‘P (Seppa i E\@Wﬂﬁa at{#BoDI MENTS

The wat esomrea @hthtiaoiaceyshbainglshaet. THevapor senderisey anl H@Psféﬁﬁl?eét%l‘%] essure
ifie orm e

boi l i ng and con sation, which Fig. 14 shows in_sinplif

system i%aq]c%ﬁggﬁtaﬂ@ii???&mer%go@r{’%bé(lﬁ?f‘ﬁ@%vq%ﬁ_’- Bt mgtimizes dhgiheat@hdenser
14. Bot hergpthat tHelsy@tend GEskNIE BEP @ords) fHe 1612AVReALDF EbdentdlioS M thBabnt he
contents 1 n the ‘-bojil er and the con denser are under vacuum Contam nated

i qui d dlenBeT indangierredang then ysqdws hsilatent ket ebearoriratien intthe belles. Bhe common
boi | er / c8RaNEEEdsW hedtBourtdh St drCRb 'eﬂ@%?g%ab&%%%r@siaﬁfw&% {ed

l'iquid" or "brine" interchangeably. The co ssor connects to ]t e
boi | er 1be eyrleiBewdmae vanpsizatids o gondansation. t he boil er. By proper adj ustnents

o entos) " pe"the ¥BEHY BAGCkS HIOLATRIEE HEHARATTRIAL HRIBHRS 2R 1T .

creates) the I qui I's and evapora conpressor dra
resul ti iy thepeiling surface wicelyes addedd ferces \ByxDntroliing the flig flowiomtaimepr essed in

the co . ' 3 t ed vapor., cont.i nues in
the a1 WofihS Yirtabd Snd SRR Cad MEIERT T 1ulf G ATAN I neFRA s BBRG .t &
comon \adladddd grfdraesrinkressestheeat Margidratte. 26. The droplets fall into pool
of pure |iqui . The condensing vapor tr.ansfers ener o the conmopn

wal IO The gne%ég"l'sreoﬁetcﬁgg?rﬁeéﬁ?'%?@ﬁt A OYR H@Qf'i"@ﬂo'?%”{‘??e&‘@(fﬂﬂeéﬁ%er 14
aﬁt s ba_s lmU&fgdayraggs, i mediatdipis Aol éefﬁﬁlets]uﬁab@.t'ﬁﬁﬁ lebigé a f@fean%nﬁé&é A ﬁ” in
t he boil er. . Two_majqr structures enhance output significantly in the
present "ﬁ}ﬂ%mw gapor Crdé@?ﬂﬁest E‘@t'% Qﬁé‘ﬁ??%c ‘383%"9Ig'i“Pi‘{31l*"‘iR’:'é‘lE "%/'-H@:I to and
mount i ngolgresd frleny thecoutéralhel ofiheoRdenddr ¥gace! TalBRing Hethel®t ati ng the

shells at high rotational velocities to subject the contam nated
causes the condensate to flow toward the larger diameter end of the shell where it is

collected.

As the liquid boils in the boiler, the high g forces maintain the contaminates on
the boiler wall. The system’s construction prevents the contaminates from flowing back
toward the inlet. High g forces also cause the contaminates to flow along the boiler wall.
When they reach the end of the wall, they are thrown outward and collected in a ring.
From the ring, the contaminates are pumped or otherwise directed out of the housing.
To keep the sludge and pure liquid separate, collection of contaminates and pure liquid
can occur at opposite ends of the shells. |

The system can deliver ultra pure water or other liquids, and it can be used for

' toxic waste clean-up applicatibns. There, the system fractionally separates all kinds of
liquid contaminates including nitrate polluted wells, cyanide polluted mines, petroleum
poliuted water tables and even radioactive cbntaminants contained in water. In indus-
trial applications, textile factories could separate their contaminated dyes and solutions
from water, plating industries could separate their metals and chemicals from water
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and processed water to high g forces. Figure 1, which shows an exenpl ary
enbodi nent of the boiler/condenser sub assenbly and its constituent parts,
il lustramasohediy structures. Rotating Boiler and Condensegeruédiphigant s
believe that the systemof the pre sent invention may be about 20 in. (50
cm in dianeter to 5 ft. (1.5 m or nore. The first enbodinent is the
smal | er system The reclamation system 30 of the present invention
conprises an inner housing 50 that nmounts within a vacuum chanmber 80 (Fig.
1 ). The dianeter of the inner housing 50 of the exenplary enbodinent is
about 14sediimthefrplatingniyoughiseandelecitoniy indestriragobld sepatatalthetoxic cHemt,

: . . . ' Reamnies : : 5 e .
of " concat Ty sS AL D& Ll B Pl hr it is® SPRI Rl ey o
st ai nl e hanllSUBET tHEUEENSpEEEsSiRyLEENAGI gy fUNBLOANG BAAS FAETrEMISt sRBdS

st eel , um or..ot her netal although sone plastics may be acceptabl e.
Met al s ﬁdé’&g%tﬁ'éﬁogp'tﬁéa‘t transfer capabilities, but plastics are |ess

expensi ve to frabsé aad etheflobjeetscarpleatdgneftradhsraascripfio bbthe exBapldrp¥m-shel |
sub- asseqrrbl i 'est, %.gd. each sub-assenbly conprises two shells. only three of
the shelqoMPIE NG NERUPN: i i al | y-outer shel| 40, internediate shell 32)

whi ch | Bk DescrRienoN o THEBRAWNGs and i nner shell 34) which is within the
i nternedi ate shel |l Fi? -4 and 10. "lnner," "internedi ate" and "outer"

. s. 1
are rel ati ve G dsisarfide sentiogahiiew iof ar exelnplesnembeditmiest ofithe atérrada- housi ng
50. The ,ﬁ%]e%}gmg%teﬁ}g %Hti@[enﬁ Il 40 and the internediate shell 32 is a
0 ro3g. o m

boi Il i ng or vapor cha arly, the space between the internediate
shell 32 and figs. 2nd@ndghakelpegspactve cotamcynsers ofandseam@Béry dntbddirthent

rount i R e R SR S BRTRER S BagSR Rl et R A0S ng can

be net alvantageimidt. ri gi d plastic such as Lexan in the exenplary enbodi nent.
The i nner hous] is_formed. of .two housj al ves 52 and, 54 that attach

t oget her al on?’cgi%n{ﬁ %gggpgglwgnvde\ggf h?ﬁgiaﬁﬂgg%qr&og enser showBa dhg pen-at

| ocat i onden2élinkendidaQ anexemplarg @iibediniean ontheapateORcianRichayéteri sithédhesi ve,
wel di ng, bolts or other fasteners secure the annul uses together. The
connect iPSESERENERIRL secure and air tight because the inside of the inner

housi ng 50 i s Fajs. 8, Aiahél & #8lseBlicRb WbRs bhiie Btk BBildMRnbensr tkende- The
di anmeter of the inner housi ncﬁx_ in this exenpl ary enbodi nent is approxinmately

14. 2 i n.sPesiivedngiong piane&s6 offig - Fie- Gisbows 1fpéw}lrprwat?rz@llzcmtubqw@stbe
di mensi ghgegrdunld £1PRENvdste inBat R¥ES Btk %aé@h@ﬁh.%e%n/@ﬁr‘gfﬁpsggﬁs B!

housing halves are preferably identical to de crease the fabrication costs.
The sheltfis figpre. &45.4nig they same View aebilce, Rutibe fanirns the dousiogisvisiplentit al  such

as stai ngss ré 95&uun$&ﬁénﬂb@§ﬁou%‘r§%l?€ilﬁ§%i6|§h5t rong, relatively |ow cost and

is not corroded by salts or contam odi zed alum numalso is a
possi bl e choi €&.1%0p ardedailegtsactional view gidhe hrocessad whasta entaf ah exemptasel ‘and

has bett be‘ﬁ%ntccﬁqgé'gHs\éhfi}‘nveﬂtfoni s weaker, however, and nore corrosive.
Though ot her netals pbssible, sone are too weak, nore expensive, not good

conductors of Fkd0 isa detailedmectiaiabvienedfitist brine ofl$evagezeputfenttod anreixt may be
I e L e P VA
provi de near iFgedlt ibaididengearad ac@xdmpEnngmbBdimtant gf therwater 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-
tion system of the present invention. In the view, the system is mounted vertically and
on a stand. |
Fic. 13 is a perspective view of an array of 30 such vertically-mounted systems.
Fic. 14 is a block diagram schematic of the process that the present invention
used for desalination or decontamination showing a common boiler/condenser wall.
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faces in particular may be treated with special surface coatings and these
have been -12 SUBSTI TUTE SHEET (RULE 26) WO 02/ 0592U PCT/ USOL/ 2271s
exam nedw@o2/4sami r applicability to this invention. For re@gessbhat are
di scussed bel ow, the shell material nay have grooves scratched into the
surface. A non-wettable coating of a plastic material such as Teflon may
enhance boiling or condensation. The inner housing 50 nounts for rotation
wi t hin outer housing or vacuum chanmber 80. A substantial pressure force
exi sts between the internal vacuumin chanber 80 and the external anbient
pressure. Therd®.okdels aprispeotive view affpartief ashall fon arlethenemboditertt ef tHei ck
enough tlﬂeﬁ iSenGbishi ng fromthose pressure forces outside the chanber.
The wal I" thickness I's cal cul ated using known rel ationshi ps with adequate
saf ety fact or Flard imasdetaitediiew kepart of Fibat§er - di anet er chanbers. To save

wei ght and ma i@l .t [ I 2 be ."pocketed! simlar t an egg
cont ai ner . Gﬁé@t'? @ntgﬁﬁ’gaﬁﬁgﬁ&“ﬁ%’&hﬁ?’&%@‘éﬁ”&"iﬁ@%éﬁ E@FGS&"EWP"N end
caps 84 tamd 86 and a center cylindrical section 88 formouter vacuum
chanmber 80 (Fi .181-4 and 'lla%- T{Ele out si de gigget er is,ag&roxi_rrately 19.7
in (50 cn). AGEFNS RS YeY giangthgr empodimentat the aresent invetignigre net al |,
but t heyigatieg the waste apbiasiéd 6utpUCtreatnd &praying Padidlly cexesrak Hty seiiBRskENt .
Plastic is strong enough to resist the load on the small diameter "system
t hat Fi ge.x'tlf”%'?'fg%. Larger vacuum chanbers may require netal construction or
be wound fi berignARGRICUGh 2Baf8 3pIre i ' i4pQ- 90 that
St 2P ploRSoutng BT b6o e ies

curves intg a_narrow ¢ rical portion 9 he flat end

92 al | ovig" BTY/ {hy et g)tff’ra@ﬁ@@nf wiatioppl @aand 47. Eechrpaface pletdsvfor amibse parts
d d f h
! °s ) T :
ond cap et EholFnglerial Saifilany felén dradi g EnRSl e bohBioR it frel, °°

f ast enedstatedtimthenehidrer or condenser surfaces to control the filmng or
const ruot i on FIGEHES oy Preraifice dipert™) e Predlar onden obdBhali o7 -
Spaced extornal otsangtheni g 1L he 08 (e e e el ar
eﬁbodi metit 'Y A8 f'gwgoﬂg’pasggtr(g'%l 'Htﬁi?i"@%f(aé‘sg%%gﬁ in @%ﬂ"@)é‘m t@ﬁ'ﬁ"‘i,sér?fbgpuseé

on eit hestaiglede stefel.t he vacuum chanber. The cylindrical section 88 of the

hanber_ 8Q, coul | d | ast i dfib it tal .
S engt heni ng 155 1B GEIESTBRI (e B: 7364 NegTEYFIsAdAT G aLBBsp onar e, 11
). Annulsiimd &ig8hédiPdagsd Whe a0N07 maRB Bfh)andedfickeyaect to the annular rings
104 on the cylindrical section 88. Bolts 106 through the annular rings
secure the cylFihd’iiea graek sheping howrae spmulatye boilan@ren yasiesfass unpiien i s
possi bl & tid PadRicCtha biter SRelPARIMiNd GiFerPshen': 2 i
PCT/ US01/ 2271~ enbaodi nment u%es bolltésglbecausesﬁ%/{ﬁgéﬁhggsr}r@r{%%g% ??%? access
i nt o t hdhicknggsaand shedl leigdh.caps 84 and 86 al so have an annul ar tongue 104
that seats in g anawl &4 : n RG] ' i ongue
and groove align tRg‘éeg;l{dptggg@/lﬁ%%ﬁﬁrg‘}gﬁ?ﬁag%’@gpﬁ é)g]ﬁjg?iwé?\éé?%eq%&?%ate a
bett er SRUPr presswesiang diffesingDedeintp-aoadarsan preasuteratios and groove assures
pressur o, anby St Sayieq Of geBAc £hoRha BB Usale pbPotbuiRly PR
cyl i ndr ifoudiifferrnt boiter temperatutes and warjahiaibiter-tfo-cordengst empeeatofd difire gr ound.
In Fig. e]nce he stand supports the systemin a horizontal orientation. In
Fig. 12, 7a different stand 111 nounts the systemvertically. The design of

the system peifis.t130 ibarseriesbgraphs skowing @hergywsage pedestpuigsbund of Welkterm

appl i catg] ..See .also the arr of vertically nounted systens in Fig. 13,

whi ch i sf°§‘i["§8'&'&§%l%6'3‘?“8&}.‘“eefﬁ8’ﬁﬁ(@ﬁf”eﬁgaé‘?‘ﬁa“ §%feFﬁ§EﬁP@gF‘8¥ PYPLEIBN Wi t hi n

t he chargressop@ffimidiesan axis of rotation 132. In the exenplary enbodi ment)

hol | ow shafts 12Q and 122 extend t hrough the respective hubs 9G and 97 of

end caps 90 alféhg1tiR&@ Rigtishownghe hpilipg Point Bse in-yaawataryerrys|sgivratedause t hey

carry f|d@ad/a€éirté¥h§éﬁé$@©(ﬁu€%%ﬁat5ﬂ§gh %}%ﬁg Ebﬁ&n%afiéﬁ%%b)lm and 126 that is
i gs.

secured in respective recess 128 and (Figs. 1 and . Because the
shafts suppor G- if drRiet shewingdhe boiling poink gee iyreawatastversussalinityesonrust  be
strong, §i Sk {18, } [We) nmounting themin
the ubs DR et RNORAIEHE oA or ) SRLed Go et BB, "0y Shaft 120 on
the left side (FIG 1) of the systemqgxtends into hub 740 on the end 142
of inner housing half 52 as best shown in FIG 9. A bearing 146 permts
rotation of the hub 140 (and the inner housing 50) about the axis of
rotation 132. Sinmilarly, as besigsTUYE $HEET fRUlP26)shaft 122 on the right
side of the systemextends into inner housing hub 348. A bearing 152
permts rotation of the hub 148 about the axis of rotation. Bearings 946
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A notor 160 rotates the inner housing 50 by belt, chain or gear drive (FIG
1) in the exenplary enbodi nent, The notor nounts on the outside of the

ri ght-si svo @ndomap 90. As FIG 10 al so shows, the notor epd®©pslHbAisi de the
outer housing 80. Both end caps 90 have structure 168 (Fig. 4) for nounting

the notor so that the end caps can be -14 SUBSTI TUTE SHEET ( RULE 26) WO
02/ 05920 PCT/ USQOL/ 22715 identical to save on fabrication costs. However,
the systemuses only one notor 160, and it nounts on the right-side end
cap. Applicants contenplate that a very small notor will supply all the

r ot at i orRRETAJLED QFScBIPthQM&@FE'HEEXEMELAH‘OEMB@IMENM a notor uses only about

25 watts of c t he t or wth the size
of the syst emqg'tretdvr%{% reﬁ%ﬁaélpngys ﬁegﬂi’ﬁ EF 'nVﬂH'OQIL@EFTQ‘%pFﬁ%HFe is very
effici erttorlmgobndscmalené;amoupwhicblﬁr@dt véHowssh am@tatrrdd FRNOThE @péteml it @pa. Were
electrrcégpg IllﬁnOt avai | ﬂl[ gta util the system coul d use power
froma g&REPIR'OY Ny 8pEVARGra rPFB & Izzﬂ"dpaa?fm n%%fn“bgoﬁb@ﬂu'ﬁdﬂ AMAGH d

provi de ll'Lﬁ'lmeM@hb@‘ @bestaywr arFic.het) %BtthétQhé\@érﬂént%%tt@rﬁiﬁlbpﬁnﬂh@tc‘gﬁ‘ In the
belt dri V\%(stem of the exens)l ar nbodi ment, the notor 160 drives a

pul l ey I edndgr Ve Gant m‘ﬂééd lipis! gseirine 16ris fagkinto the iboller chapul | ey 164

dt \nhhlébe t 4
and 10, A eanEao et b caRi oct WAl 4B s 2PR el Bk B rms

mi ni mi ze§°WﬁB\'r&tt‘?Q)W'd’Nrdpﬁ“&t'nte@héﬂ@ﬁahj)ear or other, drive also could be
used. The out Byk cBR{PELBF 26 QSanEHé’fo tﬁg%oﬁé}eléf't‘al re‘ége%é"‘ﬁ?:égg %dﬂwu' leys

162 and 164 affect the rotational ve € | nner
Appl i cartbe baifari By peaper agjiustnents of @namtbrrmysammmmhasarem:re dborensé n FIG 1

Shoul d rarRETEEescr 2t Een ind owid TR ¥ i BPadcly, Te GunBsmarsies
out er - nibe resiiing vapor Db ire@dO af ‘asrowr22)iAd taelderbér%ccﬁhpWSS@mttﬁ@cﬁﬁi— ed
fluid e%gés%{ti ﬁ&%@&a%m?ﬁé&@ﬂ% e right side (Fig. 1) through inlet tube

170. (Fi'gs tube is within shaft 122. The upstream end

172 of i nl et Thbheaied V@ost@tthueﬁrnythémeémﬂﬂ‘@rr%vriﬂ ats&ﬁéwaﬁorca‘nt&%' ne or
ot her caont am nat d l'%‘é' d. The V\fﬂiéream end 174 of the tube) however,
R Hewp

rot at es " ﬁnstehé' r HEARAGIT CBF""E Ang §aadenses into draplels 86 cTheydopal (not

shown) _iletsiaiCingspddl obplreaRidt 782 THE Toh8aBiy WhpdP WARSEAMARGH® tRE cbRe 1Nl et
t ube 170. Thepsﬁ}el can be out is%de t he vacuum chanber 80, T'hside t e hub 97

of the dRAMWa engtgyEomihe leptheat ofgpndapsation inthe condenser 14facthas i nl et
tube termg @ﬁér@? sblfce tﬁ@t"ﬁfpﬁheﬁhéﬂ'&@ﬁﬁteéf@%%%ﬂ Mtﬁ‘é*t? @fhent has three

such branches_180, 182 and 184. See Fig. articular. nunber of
branches may V#OyNHEpeiFtHgS SANaNGS %ﬁ@ﬂl%@mfmn intthe presentinyention: t he shel |

housi ng and tRe ﬁurrpggfhe%nﬁMJ\,g“ 26 \ rs-four
186, 188, 190 and 1 in the exeonar%‘gfnm%n%I ﬁrrﬁé@t‘wgq@ﬁ% See FI G
5. The exenpl ar yoqneBBiarsbals Witis aidivan valjreetands per branch because each

3B (F10 1) gt st Moot Blae 88 o SAEE g sltarRlad "

SUBSTI TUTE SHEE'I'al’(d:QDJIQEG%)ﬂ watm(mrogmeesocr/ USOL/ 22715 Contam nated |iquid

fl f th t to t hes 180, 182 and
184 and ¢ hen [ RgrER Shole @ SRenBichf Bnodiicht o1 BoBimatente suhe
boi | i ng ashemblyrand lts cg:nstrtuhalniwis Bgstrafes boihgtruerexci ty rotation of the

branches crea r n.th ont a ted |i t hat varies
with the inj eyc?t%gart@g%ﬁgt C§o§<?e§#]ef PliGs S@?l'erVSmé‘tn&&?tSSi ?%Oég?‘%%r&uent ly,
each i njsentiaventin rhaybe abebtlutow ine(S0ronYtin diapieteY(d 3 f€ (1.8 raPoMAGEATRe Figgt t he
pressure dbrﬂdfer'ﬁncﬁ'{ﬂ Qﬂ e ot her hand) when the contamnated liquid is

i nj ect ed™ FHds i tj’ré ﬁ“ﬁ'er the centrifugal force fromrotation
creates a thiMhé réotamétmmgtsm Bafoethd pr@b’érﬂ iflePfiéh EGHRpridtsl HnRér HAlRinge! |

40. Bec?.flds,[s the aqqof the in ? wal | farther fromthe axis of
rotatio a R VAR, 38 &iGiT)-drhegiameter gbthe innertedsiagi s, t he
farther soaiftthééﬁﬂthﬂilﬁf-y STRBSYIREAt i3 Bbbat Re trr w6 dnt OrrYé eﬁrﬂeggﬁ GhEy bgi n film
thi ckness. Fluid viscosity also affects flow ra zl es or ot her

f1 ow coSCRIEHUPLL oW, B‘a‘]"ﬁ‘éetfa'tﬁ is leféme%larf’fiﬁrﬁétetwlemlﬁdatentaﬂmmprlses account
for Cha@@h@@oﬁé&ﬁébhfrr@ﬁ‘ﬁetal%ﬁ#ﬂﬁtﬁé‘&(é?ﬁﬁlélg ertt'fﬂl 'sqjleh%al%tstérﬂl@s
pressure, energy fromthe shell wall caus t he oi'ls Phe | ow
tenperature. As discussed previously, q§he thin fi I m and hi gh centri fugal
forces enhance boiling. Some of the contam nated |iquid beconmes vapor. This
vapor is pure, uncontam nated gaseous nol ecules. In conventional boilers,
some contam nates vaporize or sggSTiTRARSHESY (RULEMEW of f as solids and
beconme part of the distillate. The g forces acting on the contam nates in

t he present |nvent|on prevent the heavi er nDIecuIes to vaporrze or Ieave

. o, S~ g o - . o



with the water vapor. Sone contam nated |iquid does not vapori ze.
Consequently, it becomes nore concentrated with contam nants. The hi gh-g
cent ri f ug@ o02fo8920e nMai ntai ns this sludge or concentrated eartsoi/ezted | i quid
as a thin filmon the inside surface of wall 40. Before follow ng the

sl udge, the flow of vapor is discussed. Annular walls 200, 202, 204 and 206
(Fig. 5) close the upstreamend of the boiling chanbers such as chanber 36
(FIG 2). The injectors 186, 188, 190 and 192 (Fig. 5) pass through the an
nular walls, but the walls block the flow of contam nated |iquid, sludge or

vapor batdeltauminemipsetheametal géhayghtsemenplastics gnashzaaegeptabls (Metalsthave

cont am eIl ~an V] ; | ig. 9. -16
SUBSTI T%%E%P@é‘?ﬁ(‘ g{ﬁ[%;%?ﬁleg\/\%ﬂ%%% 1|§E>%%%I§'§Ii’% %%%Pﬁéf er the vapor
exits the dowtberezampkirdembbdiment bblFici hhas feurisbelssyl-assembilige, and ¢agh 1 ),
e.g., chapber a r \V er 38 is at or
bel ow o@ggﬁsﬁsi’g’we‘?’é‘?&%? E?ﬁ%géel[sbBﬁgégre%a@\ﬁﬁemgﬁt:eglgaagggfsg "%éﬂgﬁ very | ow
TR RS hot | ing SAARDEr s The fan L et along Lhe aX S oferaral ans 132 of
wi t hi [ : . %] S _Of .on,

the. shelsneh ddsREMEWRAR She et aregiate phelt £l A5 16 et 3hiSindedids s

whi ch cagieelifert sre8idtivetening aintl heprésent timeg aidjatert shiefls in@eewrimploasing

enbodi ment, the fan has a single stage, but 1t could have nultiple stages

consisti% of a series of tan blades. The fan rotates in a direction

counter to thehe@hatd pewelentthe oslREhal 40TART Blantermbdatetmef 321 &bBilhgn ai ds
shell rotation througg conservation of angular nonentum In the exenplary

enbodi meditvaPabanekaits. Binilasly etherskece between tinintegediate shelbdBandtheyf 1 ci ent
Lo drivenh&isneR 34928 cofiéidef dnathlie5o. I Y4 SfbodifichE @i héigniBrieatnand t he

shaft 2 e size o an and the notor 1s chosen t0 provide the
armount othaosrepie@ 89 . {H MMe system and the contami nated |iquid being

processed. Th i : ;2‘9(1 ay\d j.nd the fan
(Figs. 1-4). jﬁé%&g%@gb@%@ﬁ%%&w I &%eﬁd&gésagg)igﬁéu eggﬂﬁgrat the fan
exit to hmbsingveandieometal,ptie sigid plastic sisch dslaxan® indbmeixamplasybmdpdismant. t he

di anet f. the inlet. . i 4Gy ] . th
G amet or Tk mpfEhoyfrEs Yot oy W holin Aelyb8 82 afa BaSna bt iuefilr A0, '
C?Pdi E-i fa;]mljlmb tmiangi E:A\mé' hedni_s‘sa?blytaﬁqugebemmn ait'idcatinﬁ_ae%o%amdtm ead:l'fed_ l'i qui d
al1ec ese ratl 0S. ny. u ren SNOU C | ns e Cl enc
oar o, HaE o R TR A TS s, P Bt Ol BeleBl st oL "
the fan tgbiagnhglbseﬁml@msa?e c%dgmemaﬂmhd‘u!rdﬁbﬁ smr@tahdi ?mggbwéoauesthemi-gh |
causes aaql abatl C eat | n; . e v or. e anpunt O atl ng s u e | ess
Chanes Estdofhe T hotiia 30ys ALadBRri piseiaaRar Pufideloe nofdng BBnTRe de. o
duct 226gibeter ot the iRREF HotisMiglifl this eRElApIBHEMBRAMBAT i§ appeximatelyhiandrr. 38.

There, the vapor encounters the outsjde surface of shell %2 V\her} t he

cont ani n@Pedn) ARl e 18pgi i 3BRUL Hed i'hke?-2 ST HRseSHMERRIPDS W ,C_h?H%%.t theer gy
from t hegyahgh lis ddaRBhEHSddvh. TTHR iﬁ.@értrﬂ;msmgtr@web lafd préferdBIy Gdetitinal ty det he shel |
wal | cool’s. Wien the slightly pressurized and warnmer vapor strikes the cool
shel | wa¢rease thedaprirationsostfhe hi gh g forces throw the condensed |iquid

i medi at el y " offp \Glelis 34, S8R AGaRStorRl bof 3Righ! Hbat 8Giductiiey Mb@hsgeH 85 ces

throw off even the sma?1 est drops otr condensate. Consequently, the
condensi stginassfstend. Steiniasssten) alsorieleiiong, eelatvalynowrdost andistnet carrodsiddsT| TUTE

SHEET ( Pé%}ré c%%})ntaminants. 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 boiling and condensing. Boiling sur-
faces in particular may be treated with special surface coatings and these have been

12-
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WO 02/ 05920 PCT/ US01/2271s conti nued condensation. The vapor, therefore,
encounters only a "clean" condensing surface, which greatly inproves
condensalyigap/osdddi S condensat e pool s al ong the outer shel lpgTafsot/peis
condensi ng chanbers, such as shell 32 of chanmber 38. Centrifugal force
urges the pure water into a thin film Blocked fromnoving to the right by
wal I s such as wall 200, the pure water flows toward the left ends (FIG 1)
of the shells. Thus, in the Fig. 1 enbodinent, the pure water collects on
the left side of the condensi ng shells such as shell 38. The sl udge al so
noves t @xamingdior thsircRpplicabildy ta this ipventiong Fetrepsonaibat are dssws‘aetBBelovvher e are
many wa i t

sever al %ﬁa&ﬁ%lfﬁa eﬁ m%@%g(}?ﬁ?&d“y@é%@qgé@%‘a "&TE(;@G‘ E Cleog @%&@? as Iseen in
FI GS. 1-of agpiaktie, materlalcmutbmsateéloh‘?’m enbamdmbdllefgor(déhdbnsﬂatl))mt reaches a

[ 1 d
be0 (kg 1 1BeitiekhelShisahuritn R riRion afin et Hokba sl Hoditt nar to
col | ect ahatriee 8858 sulstantai rgdsare/foerdbmdstebotwdesathe mteaalbwedcauwfinichame

col l ectqr bes, 256,, 25 60 As FI G shows) the pure water
from ou&eéiﬂutqmé e?ﬁ'@fﬂﬁ?&@%ﬁﬁ %”F&@ﬁ Othg‘ed%q'lPé@[cg?h?{’ﬁfé’ Utent ri f ugal
force frgpanidee must Bé ek eRdigih tb@ﬁSt%uémgﬁémtth@semtégsuﬁ@f&Eeé éutsidee 254

(FIG 1 ). That tube passes through wall 262 (FIG . Pressure fraomthe
centrif Jéﬁpheap% Thg "‘6%" thickpess is aﬁ'eglatﬁsieﬁ%@%eta@enﬁwwgh fHRIYAIRe wat er

through dqudie f@éérsad'h@ mlﬁﬁt%ec’tﬁtck@rofbpfar@?%@ﬁéteg@l‘%mh@?@ TOsIROIOGhCARTOer 268

is the outernobst chanb f or ned | 40 and outer Shell 270
(FI G 1 materigh wetcnaerwall %maymnppalf%te@rﬁwmrrf@meggsq@emmeﬂ@theg tapered with

its Iar Fenﬂh%‘ﬁﬁ\g%cm: %P' 36. 1 cm on the right side of the
ense |qU|

shel | . en-t ure c flovvs out of tube 254 and into the
col | ect or chanfbesir ofcefmcl:apfsmnd‘&ﬁ ard aeadter cylindrical sectien 88 foomduter f 1 ow

toward t r i T. r ght end
of the CJ%%FQ@"[%I‘%F"C rgngr:fﬁss‘?ng%n% %ht %b%d@'ar&&gr %@)DLO@%?Q' uehtI t he
condensabe c)oigaiof thetemel cape anfl tisdeylindel@d) sadttbn maybe mataluht tﬁeyoarerne
out si de di.nens e t@ou h is reater t.han.the laraer dianeter of the
ohet | 57 BRBER LS Coare T 5 eriard Cflnoklthy e e dfbnd ARTI .,

ci rcunf eeeidst ihallbad on thmnau diagieterAystead ’:chahaigy1 dhp\perLargéga/aﬁ&Grln@htaeﬂd? from
an open end 288 in the trou 80 tp a fitting 290 at o] |l ow shaft 122.
The i pEe nidendrs et <BBego8 a5 Pe Mok dbaSedmtosh S0 Gl sFR S & ner
housi ng Ato-EBRiIcANRIMIENG0 838 clivee mtd heationastinditapportion 8Ri(PRsOf ahdte i nner
housi ng.  Therefore, the pure condensate gznt er%fthe open enﬂ at a high

vel oci t y!Bndhg Baanc 92 allows F?Wsttﬁgecﬁtﬁﬁﬁ? &SRS [BehsWS t owar d t he

fitting pahersQine ﬁﬂs%ugmﬂwﬁleséﬁﬁf) éMEtaﬁ@é betm)é@nQRéLQ@tgﬂe of each
PCT/ US01/ 2271~ shaft. The Q‘Mﬁ)per tube is shaped to facilitate fl ow of

condensa®nd ?Qﬂ/\lﬁﬁ&ot’h@ﬁdﬂ( SMAft 122 The central opening 292 of the

hol | ow shaft Hg Jak niyﬂf&%rax@l %’ﬁ%b@fasftété@ tbife Qéllbﬁbﬂé‘orﬂieﬁg&tﬁfrfa%st he
i nlet tube 170 tEjFIGt 1 ). That central opening_extend he fitting 290 so

t hat t hetopeniok ﬁaknlggtoeothmetcﬁnwghe fluig. Seaficsl 1@eeﬂ|1ﬁgiorvmealtern@- is
col I ect egl, AL ﬂ?ctnB 'l;% a%"é{énﬁfo? . A smal|l punp nmay be necessary
e slight

to overcome p055| inetic ?osses on the condensate fromi nsi de
the systemto In\Nerdffaniag heibs BE AT (HiGsatl ) S 8t the cpnies ofieach evisheaphi | e, t he

sl udge, r ' I 1

vapor 2ol o0 kifs 180 fiafif skl e e BReR g s opdHI 2 BUNLED A%e, | ¢ o
t he boi Iexegnmawrmmmjlmengtheavaid:ap&(ﬁretiddmh'calismghaitaasmgie eBf)capNandet hat t he
shel | s al SO, t ap. E{?h tlhe Ia“é{gﬁr dianeter on the left side. Centrifugal
force, thseer ef'h ! erg ‘gé §He° gbaeml?% flowto the left. Wen the sludge
reaches the | efite spiddricall sédtions88edfltse vadiaint eimambdridfadoutdbe moldedgiastiche

sl udge outward where it col n.a circu ntial trough 300. ..

Cent 11 1 olaing HheaSainastie SF meRoSATerind BED I B8k otyed PSS Bindic s onary
di pper .t ¢digediith (Fus. t1hmmtmmngSME@n the ead Bhp$184 bad BBeoahdut to therer t ube

286 for t ure condensa fr an en 04 in.the trough 300
Co'a 11 PG TSI A T 18 undisal Seelon o8ROt TeE v uckrie guiehungh sasife £ e
302 al sothéaghindial §6dtioh 8o Y énd ¢psi Biesth&dstenigig ¥poskitte. ORex@tblay4 f aces
the direction of rotation of the inner housing so that t he sl udge enters

the open end at a high velocity and flLpys toward the fitting 306 and hol | ow
shaft 120 (FIG 9). The dipper tube is shaped to facilitate fl.ow of
condensate toward the hollow shaft. As Fig. 9 shows, fitting 306 has an
annul ar groove 308 that commurgsdBfurt SAeERerOLEREy tube 302. One or nore
bores 310 extend fromthe annr% ar grove |p|nt o?t he cernt er 312 of the holl ow
shaft 120 Oent er 312 is fixed to end cap 84 |t does not rot ate SI udge

o " ' T Y I 1. £ e _x o M. —— L



on the liquid enhances the fluid flow toward the |arger dianeter end.
Alternatively, the shells nmay be cylindrical. Fluid still would flow with
cyl i ndrivwelo2@si2ds. Because the contami nated |iquid fornspartisoma®7id m on t he
boiler walls (e.g.) the inside of outer wall 40 (FIG 1)), as nore

contamnated liquid is injected into one end of the shell, the g forces
create a thin, even liquid | evel. That causes liquid to flow toward the
opposite end of the shell wall, in a sense nmaking'the liquid |level even. In

fact, the C[@r ces s%ﬁn% be suffi -19 SUBSTI TUTE SHEET (RULE 26) WD
02/ 0920 %Eg‘) 89} usep 19NE PeRRUsEdhe Garebe refueved:far access m&mrwnmg The wal |
even if griecapl@d sn8eaRB HaLE dn WARGILFBhbY (104?nat sé(@cétlﬁ Sﬁhnﬁeﬁ Rhygotation

132 such,as in Figs. 12 and 13)). Vertical nountin mgratlon
of sl udg@eRNRLYINdricahspating. s ioagusand ngetahmﬂneferw\mapfsfto tHBecyﬂmmtmm end

of each n a
array cacﬁm%ddlr?ﬁ%gﬁ\%dn%tﬁ%@é] beﬁér%eaﬁ%n%‘%i@g{b?‘éﬁé% t{e\{eacri{hgﬁ?éelfﬁ ' ches
an adj actRPVEsISHUESH thﬁWé‘C%\l#m@?akva&D@uS@dhe mss:letcbfa::hambef 80 (sRathea)-vacling ft

o) Tk SR e 0 ol s e ST ST 1

hi gh, two | evélstand 140 maysupport thef syistepm 30 loff the ground Tiatic o hdlsiahlow 60

e 8RR SR EnBi g el i S a8 e ste DO But put
of this texaygitm uesncaﬂpemee@bsm @hthel vpsterd beRBis a@d:éoafm of ¥é&riB4OndiritRgs) of

Specd 1 AERPORY oY R Tsiansr ke Biep 4tk et vorlealiioMniadiyRps bifiem.

Appl i caﬁBsmmwntuemsbag@dm|m real -time, automatic 2-plane bal ancing of the

shel | assenbli 50. Pl aci ng wo or nore weights that can nove on
ci rcunf er ent i aNe{MNEEREUSIN ﬁé %t%f%rqtgthfhwtﬂﬁ@t%@ﬂr@b%&%ﬂb@stameXIsystem

Sensor s df fotARGFIBE RSt HaY é‘nﬁbcﬁﬂﬂéﬁtoholgag\) SH4AE 18 {li'igthﬁ{ndwe' ghts on a

real ti rre basi s woul d mai nt'ai N conti nuous | ance an y of shell
assenbl yeugh e TesPagivedbr 96iand. 97/ef endeana 88 aldngdhe akie of natativmgher i ne or

cont ant akRglald il 805 465 capRirhi & o2 AR LEIRERGO DI PORLGE, Su T ace

of the shel cause o owte
syst em JR4 tawé Wéb%fnﬁ seeiredin mspegtiveaeeass 128andvidol (Frest 1 aad4e).dwni cal

t | dt
ol | ect Caut e afif Buord Hefinorsing SH9GE N 86 e Bo el HomBEa 11 ui ds
may be GUPRS WB@@DU@BF’[& aﬁd malnyammgeholgnance}sfs)r mayintiegpiehzia thehughggat er from

t he contaamg?a&gﬂa'fnbg} (&Pr{?g‘gggés sl udge is viscous. Accordingly,

one or nore hi pres irect water at each boiler surface
of the respecSharmznehme |e|ﬁ:sgpe a:'@mqwner@smmbxtsmamtmmm 8rthe The

nozzl es per er cqntral can aim the nozzl es,
movi ng t 80‘4?%“&"ggg?“%{"gﬁf"f?‘%g?ﬁﬁta%}‘%@dﬂIE eRENG 148 peraitsEotatianot at es
in fronof e Hubel4to(@nt ¢ise infbr BoM@W Sel%ﬁt’thb%k%&ﬁ&o@hwg@z Ss;rmilaﬁv as

arrije etotheleft and off the end of the

centrif | ,force

shel | s. %ggt $Hoyn i Fig-H9, ﬁ@‘i‘%gz Pgﬂﬁ”qfﬁé’dﬁ&ft"h%ﬂﬁéﬂ@ﬁﬂeﬁés ite ii"eng shel | s,
but it ®aosihg hop MbeAlbleﬂhﬁg $52l8ernflstrefaliah bF Bledhubd 48! AHBLEIHR H4L & {%SUV e -20
SUBSTI T a?HEET (égk g} WO 02/ 05920 PCT/ USOL/ 22/1s nozz at is
noved r §3Jings 89 8l aq 1% (Fég, 10) arepbrl| legariags in téle@e(emplarherrrot ating
shel |'s @@uhﬁbrﬂtﬁﬁlfhc%@skﬂlbﬁ i el £t m%?@hﬂ)s?nt%@to%tb'eﬁﬁjxﬁ?’sucﬁ%lrhg

antici pate that the cl eani nozzl es woul d operate rirng nor operatl on
of the ?9%‘?"&% Any b&agng%shougcbh@toagéwed aa@hawn@cmeommﬁmewumu onally to
stop vapeidht bfthel dYem 98d kHeotgiéilona_ NRIdcitd BF e |hﬂk9?u$k£'igg ggq@hgﬂﬁgﬁ%ﬁg@? ts ﬁ eﬁe

st opped. el | rot'ati on wou conti nue, ” however

" fl ows fFEBRIFe REbeasingssi de of the shells and is coI | ect ed as descri bed. A

smal | hydr a“'Agncﬁl?tc’f%w}o?a@%ﬂfeﬁ%%t%%@ﬁg%oebf %gt%rrgﬁ Wﬁ{gf ter at a

hi gh pressure d acco Nthe
left sithe WmM@ymedmeBMWhathm0MS shétd sutsﬂa(z)htl'&a”@heidlefen@(ba@nd 32,

rray havgga, CXnlo] am.wo sl.ightly

gher tg aﬁé? %:at]ol anne ﬂ{gf{?&o% g?ﬁﬁé% ﬁsfq%%? %Agﬁ‘l‘ﬁ"a%ﬂ{’gaagﬁ@ﬂéu pat e,
hovvever capho hamasquw@ Tﬂ&dﬁm @) farmeaumiting treombtanso tatdhd eRliEdbsXéan be
contam nated liquid could be controlled such that the desired anount of
fluid could be evaporated w thout theiseed for a dam The system nay be
designed such that all fluids exit or |eave through one end cap, or the
inlets and outlets can be separated. Fluids also can exit the vacuum cham
ber through chamber wall 88 ($UBSHTUTE SHEET (RULE 26)



Because of the small dianmeter of the shells in the Fig. 1 enbodi nent, the
shells can be forned using conventional form ng techniques. Stainless steel
shel | s c@lp BRsedge-wel ded to forma cylinder, or the edgeeTomiibeisngl ed to
forma tapered shell. Cylindrical shells can be extruded and then stretched
on a mandrel. Plastic shells would be nolded in their desired shape.

El ectro-deposition on a wax mandrel as a finished part is another
fabrication technique. Larger shells, such as a 5 ft dianmeter one, nmay
require fabrication techniques to keep costs down. Figs. 15 and 16 show one
met hod fidentiwahtetsawetonrfgbrigation dosts aowénar] the sistemn uss anynorsd mbtor460, and 410

formshel |,.400. n wall 408, 416 and an a pair of
i nwar dl y? "&Jt@ﬁai‘ﬁ %;]‘Pgé%&kgggfgﬂ%hd 406, 412 and 414 (Fig. 16). Main walls
402 and 416 rrwtppb@rﬁslcmetdmmtetlmva,veqzrsmdtibrytomnyvﬂbmmilyaalaﬁhe rdtbﬁorsél&tns may be

truded med th t al te h b
o so- addray Feitta the nPRERQyR. Seh rRbhye ot pEp e o R G o anot or
shel | s. pdwas. Bh@@iz@haﬂmhofohwuwauy dith enosizel 6f thalsyster @rﬁtgthbhﬁn&iwlot wal | s.

The slats are wel ded or. cenmented to qut er along the webs, ﬁguse it is

i npor t anthell® NANEYERIAD pIpelEic QIO Ve elipery apd %ﬂ‘ytoﬁ?étrﬁ'tﬁdl Wiystapgard
SUBSTI T%&oﬁbﬁﬂolk@%&@klect%%r%ﬁ&%x@ﬁ%lyﬁ%t éfat?lilt? tﬁé‘Qy&%dﬁﬂiﬂ ng

chanbers 36 and 38, ds nust seal the webs wt | eakage. Laser,
TI G or dtsr%-?o%lf@nhg Qﬁé@t@(tﬁf Eleerieitydeqm a@aépwlt mbegswtenq wrHidrar e strong

and | eakisé iowaERaidreidrife bhife Saflrraubmam kel | ot the shel

ci rcunference an di aneter to change as the, nunber of
slats vari es. Irrtttﬁsbeltwyemsortswrro@ftbe@he@platy emb@imemhéhmmogttﬂﬁefdrwe%a web is

For thor ATel PR R8N Shphea BOF g8 Gl B DB h BLIBRI o By Bl ™

t her ef or 2 orsthegight side(of 118 imper tEmsmgsB(hﬂ:lemétabé 10. Asﬂlcbntsmseea:)mlt 1.89 in

Shel | w SEGRERs SREIEEr R hesiPa oGt A Enle, A\ lacE TR, oSS B0,

m and adriliezaisd esuldbedis8d. The GLtpGtispeid offtheanotohaend theceldtiee diaowterdis o shel |

ith | 0.11.ft (1.3.in; 3. . .Th

bt veon Rillers 162 Bl T84 Areetng fudida Vgl o the innt Rafstla o dipicatts P3G

cm. As éﬁti@l;ﬁlfe?itiasfcﬁ%tsrﬁélpgfs@ﬁsu@t s that smwmu,n Ribd ahidf dthercramesd fi fgl.deélrr:s'([j eL S
nSI ons, cou e

and, consequent | paci n chan Slats f.erent

o Gotery stove S5RDREA; B e Hopsias Sheud brtlertabout! D00 EaRBREAL o f or
this Cha@@%rat@@-fb%sﬂfn&ﬁé@ﬂfer%c%@@ﬁéﬂ(Sffiougl'hf gler of slats was chosen at
100 for ease of calcul ation. The nunber of slats and their wi dths could

change to proVildid agddédass law:hangminaied e entproihesysiam iomdhe right side
Appl i can#ﬁe 34')3&0@?!‘1 trﬁétﬂats@1m\(l=f¢§ § ahd hB)aheshiat ®ibe RwikaM ishsk 4P, wre

nunber o lats o ? é.! ferent sizes for each different shell
di anmet er upsjeias enut;h?%t@ s b$01470 ig gtationary aaﬁleomact%tq@soqrsy ot biingiohe

provi dedoheF odtitfihatid [RAS o BoliraliRlohUEr 0 LBEIRMAAE. rilafethi?

cont enpl at ed rma she one pi ece acing a sheet of
st ai nl esthegotadipn oéttwnhmrrhomlsmgtﬂﬂeffherefqre,tﬂ eeahﬁmqtrshawn tsmﬂswwaﬁdrel and

cost s, eGP RRF BT HuiEteln BdeH hENAL UL 110 U St B LA e ey

prove di $ifle the vaceuenchamhierd0s meide thenhulp 87 of theogheumber of fnsaietthqaeh@nbemel | is

el ecs. st oot TiRRYRRaR 1ol B, TSR EORRRR o SPEBLFENES, | nio

t he shapehe bremplary émbodimgnt kas fﬁi’e:e armpnammeemggwmmmm SeeFic15in o show

th The, sheet d d wi.t h, ed 422

b 424 BRiPWAT TogdRRer 2k hREReRneY ShB rRndRt ohdbe TRATAE At Ee o:

ot aple(r]I ed §|Izepetlhe1§melldtelsuﬁg and trt?mﬁberamsaisnsz\&bh arayich hgggsvékatsm}ﬂcl- erS HEE% | e
lelds a, gentl er a rger angl e yi

. {RULE 265093 GQ%OE@ZGBB 2in s y“ﬁ%’i’%{fﬂ%“é?'geacg ?m%ggﬁﬁnt the

pure wat gfg. QOThé?ékémﬁlanﬁ@ﬂbédhﬁtbht @Se@ﬁfo@hﬁjbbﬁ)}s ;aétcbrbrli@m 54366 eSEN Infsd-S on
the left side. Ftre wat er flows over the rlgt ed[g‘ﬁ% of |ts shel |,

its rmrre'Fﬂrlﬁ'HSl'lSaWh 8§9P 'terRQH‘"ﬁlﬂré’aMtce?"tqe&Jﬂl'F EGal)-ffece hol ds
t he IOUFee)(@fﬁﬁéry’\éﬁtbbdln{ehﬁhéé@Ugﬁdchﬁsh‘éﬁtb‘é%(nOt shown) in the wall of trough
280 al l ows the ‘pure water | ow out of the trough where it collects al ong
t he bottom 93 of chanber waII 92. The_ggentrifugal force acting on the fluid
wi thin trough 180 causes the pure water to collect, and it then is directed
to outlet 182 (Fig. 2). A'punp 184 overcones the pressure differential

bet ween the vacuum within tanksggsﬁhg-rgmggﬁm@&zg; essure and punps the
pure water into outlet 188. That water is collected for use. A valve 186
may aI so be prow ded for controlllng the output of the pure wat er . As the
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val ves that allow the water or sludge to flow out of the troughs are
controlled to maintain sone |evel of water or sludge for maintaining the
vacuum Wiyighizmsédoe system Fig. 18 shows anot her proposed poaiisaebiemn system
In that enbodinment, brine or contam nated liquid enters the systemfrom
inlet 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 al ong
wall 640 in a thin filmwhere it is vaporized. The vapor then travels past
fan 690 and i Qootarhieatedrideitiong fodratiseinkst tubehthrasughha sealr inBsiBe bPamchesat er

condenses, .a LS ng ,r.adi al i 1. j 1S at [ 4l i f. shel | s.
ot et haBoadpa el s tliAsl Brodonifie iiedidhsc b, 18 o e olrPintalfie®" T,
enbodi miygilingAhambetde.4.e Ehamsbate38oThé highoeiubity sotatiorc bidthe éranches ergatéshe
boiler exjt side) are closed., Therefore, .the condensate flows.to the right
i nI this %‘Iﬁ?ﬁfg‘%’f?%%?s.ur?ﬁé‘ tp,%ﬁ?f@ﬂ@éﬁaéec{ e @gpy%rbe[sswﬁ'ht%g "EJS%P-S\QﬁQ €col | ;gt or
692. TheardieMe SHapLbtation 132 Conbeduently,eadh njbitseman hal@ . floivrgsthiibr bhat

tapers outward and together at 672 til it curves again af 674 to close
around iNazee tpgemPENRAteAar thy W&SSH@/#%%’?GC%?'Q‘ @Ségh?fglanﬂo‘("h?%th ¥ orns a

channel témé?é‘d;mﬁ@i'igl‘e%{é‘d iffodns BEIliRG Wharfihab ab @é?ﬂtﬁfaqél%rc@?r@m Rt 23
SUBSTI TUTE SHEET (RULE 26) . w0 02/.0920 PCI/USOL/ 22715 water fromthe right
si de of greatesiathindivelaf capiaginrjed karid ploRg thgtsidernfdne shaliAl- Becavsing t he
ri ng-sh t - | i ghdd | 678
where' i (en ob e ihABrRRibingul ) ERABHIOATIE RS Bhroldien i pitaforthaliheidionge

m rror o sibilar wahslosar toohe egisothedartherayall reguitesi meis: eontamingleddiguidta a

simlar . : A ] i

or ovi desB0as paH8 i ik ORES. AR viepa Rsb BRebE b TRE Ble Adies'dh |
shows a qthersidw eorstess care beadjuatable draler camguater faeidback Fdrdral ta agdonyt fonner
housi ng §50 has agiannulus 652 surrounding inlet 670 and outlet 671. The
annul us "gtﬁfl‘?bﬂgn?“ MM cous iquid 654. An annular plate 656 extending
outwar d from rBeghase hecartarhinateddigliidsb apleds reksure energRomthesball wall o t he
annular rin 52. As the inner haqusing,96 rotates at hi.gh vel o¢ities, the
vi scous ‘FqLﬁgﬁ 96'5&'?‘3\}‘? Eorl,s&?ﬂ?ealo 3ﬁ@89%é%{?' é? QWQHTﬁG%gDrﬁY'guﬁl}"gh? ﬁ]"&\ﬁf"ﬁg past
i t: Boil&d WEH contifla)s ercéuisnimee Aoitiag [Bshgof théonteinated lihid beyemes wat er
processing output flow, the boiler ?nd condensgﬁrwfur ace area EES.{%be as

| ar ge asVaREsIIBE ¥aRRIdS SHIG, MnRNtAPERtECk gasepys, MO r KeGQnventionay, BOIGEE o ¢

flow is ¢dmMeabhtamtia89 vhp&zalor bfs eehifitdlg thidwhlcitas §dlide ahl bebeme fpiart
Equation (6). One unique feature of the water processing systemof the

present offbenistibatei The pderces actinasomtheseraminaies & theiesedw HVREERN Bigr |
surface. vé:rg &heeﬁéé\ﬁéﬁngleegegwésiﬂw@@@r REQY HEeAmbiGBnkRAThatl AGSIHSCoRs be
achi eved, e5|%m ng the boilers and condensers to be concentric shells with
smal | sepuendlyi Besopdengeswaterin rurer thpn anelcevld sbiaiy with gpnveniienaldolas | ar ge
cylindri @% L e : : ] ' .

anal ysi sgt ) té‘?%%véndplﬁkgg{a@tﬁ gle{r é?@%‘ﬁglra\gépﬁz\?ﬁ%gﬁpsﬁ %mtgme&%/ﬁgasl Or_sl;ﬁftf ace
area of akeThesysterachould davelmpdulisient gdences dherefare, Viises ahowldobextent of
the pres [N ( These rel ations predict the weight and cost of the
system a gﬁ%ee‘xlg{%ggﬁorfl ow performance. The application has discussed three
adj acent, conc®orheicontaAnghated fiquith dass sbeldperid2)CBwequentyit peegnes mpre Anot her

f i derj t.h hells, i . 1 hj i N boi |
antl condiineentajearyit Sadifinafs. Tk P Senifugh oM aRfd iR 4 %' &
01;] f?ngeaﬁr&ren&b@dl contdminateid IFhiel dzoa thin filerhent the_l[ra]side Bhu;éa?@flamﬂmo. conde gser
she orma grou i r. abou c n_axis. . nex iler a enser
~ shel |l adj acen?é?fBPq{z?ﬁownﬁ he P#Hﬁ@?’gﬁgg%é’? ?’?poél'§§'sf:‘6sfsﬁ1da£5%llﬁ?r %&M} he same

- axis. As261 e206 Fis. fhé atlead ®olligg ARaebbsst sucheds h
S)r(\:alsf. Iﬁ%’%c?ramg:the&sgg\imnog@éaé Mp%irer § tofﬂﬁe - gg iar ° n%jcc): i rr\éﬁten =ae
pr ovi desc??'ﬁﬁﬂrigp A 'T‘F]é‘l"’r%?rﬁg\ﬂ%n‘[ﬁ/q'é Q@PS gzgé'ﬁpng %a%/sﬁgmlug dhe Pea of
all boi | gljapReIs Dig ERSRBISHIEE! the floddof SUR@MiITARE liGEETuddd bivap) backi®
02/ 05920 PCT/ US01/ 22715 N N ATot af =2~L~R1=2~cL~R~ ~CLR1+~R=

+R2+R3+. . . +RN~=2
.~ (11) . theupsireamsige ot the,LqilngShambrrs. J hPﬁéhﬁGﬂ‘B@F"Qﬁtg‘%mLﬂ%@]% denser
shel |'s gixgq myvdNoliReefRnFic~1.+t1. (11a) This expression has the fol | owi ng
definitions:R~ & RN = I nner and outer shell radii; (ft)(11 b)DR =
Separ ation between each shell; (inches)}gl1l c)R = Radius of each shell i;
(ft}{1ad)L = Length of all shells; (ft).( 11 e)Designing the entire system
to have a common separation OR between eachshell m nim zes production costs
and maxi m zes out put fl ow capagi U A -l ations exist between
the shell radius of the "it-" %U%%gl-rmgr?ﬁqﬁwgﬁglz{s?separ ation ORRz
=R, +OR/ 12R3=Rz+0R/ 12=R, +20R/ 12R4=R3+0R/ 12=R, +30R/ 12




(12) R =l ~_, +OR/ 12=R, +(i -1)O0R/ 12; i =2, NTherefore, fromequations (11 ) and
(12) above, the sumof the radii is given by:~1~

=~Rl +~(i wh o059\ 1) R, +~{i -1)~~~. (13)r=z r=z ~=z 12 ; =z ¥Tinesosermnd sum
termin equation (13) is evaluated incorporating the followngterns:N/ 1
(1-1)~~~=~~~~1+42+43+. . . +(N-3) +(N-2) +(N-1) ~. (14)In the summation al gorithm
each inner- and outer-npbst termadds up to Nand there are (N1) / 2 of
those ternms as shown:i +(~. (14a) 3+(N-3) 2+(N-2) 1+(N- 1) Therefore, the sum
given by equation (14) is:~(i _1)~OR~= NN1)~OR~-. &G (15)12 2 12 r=z -25
SUBSTI TUTE SHAfEr {HRULEPOP e)uts the@oRPAISHR GideF tsbailing ghamiserb {left side ing

el | Ori( 45k ek s R 4oy N RBr 037l L 11

(16) Ar aredow B1RatmedRphéte, er eleﬁéxlto ndar v)acuumbecz(dbé)of fthe t/dmgtloveqmsumnn ATot at =

Sumtotal ,of all = t sh di
ey o et ot 2. E4E830 plshoncrs 173 pidsie VR GEIRIEBI A weon
shel | s (berches) (17d) N= Nunber of boiler shells (17e) The wei ght of the
boi l er and co er. sh can b fer fromthejr ht

deInS| ty, shel H%FHSBIQﬁég ng %@l"'%ﬂf’lo 1?3&’?%8?3? Wﬁ{é‘gvé g‘rﬁma\?,feg?ven by:
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di scussed previously, the source of ener o heat required for the boiling
%rﬁ &0

and cond¥r (P ﬁbelbr EB@@éméoWeéfﬁm the fanfa t@&%h@‘éﬁhﬁ%@@’ﬁ“@@'@f em 220.
The syst Hﬁl%!ﬁ’p Ih ﬁeﬁ%&ﬁﬂﬁ&y Rffblodindifl] éd@ﬁzﬁ@@h@fe%ﬁﬁﬂ a Bhgfsure that
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Properties of _Steant John W h,t he Keenan
and Keyes proc Va@ﬁv%'?otngf%\" %?f?%‘ﬂeﬁ?ﬁ %gg?tz%g&egmd:%% (ﬁ%ﬂe thange,
conser vaTheshape cfitee guctmik gield dnee@renmress@e aethalfalaedn apadhioeldheséw al |

conpressor desi gns. OPI t he |n$ "83 gué rr%g%gge c sqtﬁ%(is

(pr essurl¥&EFS ”r%g“ﬁﬁsg‘r ‘T%D E‘ A52715 and
t he specthkifgn lsyhe iw{14. @emryad&wm@msfsﬁ@eﬁﬁ o'utlet BB FS@ER\ ¢mm), Breal7gtrat he -
energy requirenents of t@gn%élsglﬁlm Begi nni n fromfirst pri I’lCI pl es, the

fol | owi ngp-diNeAPSERY Gand ingr{ae mbgens erppRrakteaRd skl GRkRI-

requi r engpabs if@a affeet Hess tdtletArWWad}uéiﬁﬁﬁﬁs shblidsact ithisthe FaPsTBtiRAcy he work
per f or med by the conpressor on fluid by considering the process to be

adi abati29a!$. e. . no heat energy rovm ng into or out of the conpressor other

than what is Q@étﬁuirﬁ’rib hb IE'J%sc‘!#‘ﬁ@:’hlﬁn @’P@v‘é et & G&faﬁhﬁésﬁgcéésufh@ faffor each

"cycle" of the conpressor, relative amount of heat transferred to the
conpr ess¥lightinigompeesses mﬁmnonggmdberpawegl suragesewhieh pauses adiebaticthegting er r ed

to the fJ)HhQ Sors Tk la p‘?d?.ﬂt Qﬁféa%ﬁ Shoit bR Iéﬁ%%ﬁﬁ‘%eg éggggrﬁﬁss‘i’iﬁhﬁf fhiddtbgncy-

I nefficiency osses 0 e conp ssor result rnr I'am Rar” ki netic
fl ow of vamrwtmdlovmwtntheﬂgh@e@ oﬁm@uzamtﬁm ‘Henddntol thevcondarsingl abeges ar e

m ni m Zel?er sh@h EQ%h%BEPQé'ﬁ{e? CE{?%*P%&?%% sqﬂe ﬁfs’ide 3 rfaQSo %chtuféf' ency

| osses o mpressor  can St & end’
determ nwrtehdhapmtammme@hwdaballsl oretmerlmerrsacface eflsmﬁllsSZt beattdmesgwfrmm |l ation

pr Opess'th{?;shgﬁ?r%gilers {oqﬁevc\:grrltlém%at&? FéLﬁc\{ Accgludmgqy, tﬁe sﬁamalflcoolsa ng?s in a

cyl i nder
' the slightly pressurized and warmer vapor strikes the cool shell wall, it condenses.

The high g forces throw the condensed liquid 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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di stance ds can be conputed by noting that: s, s= v, WfdW f F~ds=f _
pAds=jpdV. s. s. r (21 ) In that equation, Wt Work or energy of conpression
(ft-1bs)wO22@y92p = Gas pressure (Ibslft2) V = Gas vol unepCitdp12272d b) (21
c) The subscripts 1 and 2 in equation (21 ) refer to the two different
states, i.e., input and output volumes or positions. These volume states
convert to pressure states by an adiabatic gas law transformation. In this
case, the input pressure pr is the boiling vapor pressure pB while the

out put pressure p2 is the _condensing vapor pressure pC. Sears, F. W and
Sal i ngerconiinued condengationd Ve Maras, thereferei encoistary onlyiad'cleaat terdensing

Ther”Dd)éﬂﬁ%éf%hiﬁ{greggyimﬁﬁ%i&iﬁd\@ﬁé&t@ﬁ 1975, pp. 108-109, described the
. For “adi

governi ng equati on abati c processes, the initial and final
t her nodynani c Thisgoadenrgate pedlatatsgliiye piter sielismfithregcaraieasiagichambdist i on: Pny =

P2 ~ =R = B | ' RULE 26) O 02),05920
PCT/ USOf}ngﬁg%”n# éf%ﬁaéﬁ%err?sgs Eghmﬂﬁé%g&ﬂrﬁé? & PURv@Eiercar 9, "H?'mn' nat ed,
and y i Sledkedfatm mowingdpdhe fight biyedlls sath agnat 200, théep@self]vetetr ﬂoW@:cftﬁ/t/ﬁEt
vol une. ,The . .uni fo I £ at .are (BT b F)). The specific heat
ratio y,th%]gﬁc?@fj%z@g' @baﬂﬁgébe'%- %Su%r\'ahar’éesﬁgé\bpp@k%@épg pHF%‘N?@T §fled to the
gas nol ¢sotd an thwlbﬁimidegd)f\m@cbr)’denanﬁ shéfs ﬁﬁcﬁlﬁhs[slﬂ)?i&:métél%d %!s?ﬁh&ﬁéé't ar f
Weiglzt Ip this, expressian R i e universal gas constant w units o
(Ft-1bsiq E’ellﬁ )S!dez%gé)o?ﬁ‘f%o"*ﬂgé_?\ﬁﬁrskc'ﬂ%%h%wq_he conpressor on the fluid can
be conputed byhgerdrema 430 icBARY ) catidbREhts NarROM R Applicdtidh discusses
Substitutin e%uat | ?n 2) into equation (21 I)__ and simplifying yields: Y T~
p2 Y _ Peverg) dumingdirs jo ipe exemiplary embodiment of Fic. 1 and as seen in FiGs: 1-4

and 6, as condensate flows to the left (FiG. 1) it reaches a wall 240, 242 or 244 (FiG. 6).

Each wall has an outlet tube 246, 248 and 250 (Fig. 1) extending through the wall from

the condensing chamber to a collector tube 256. The exemplary embodiment has three

sets of these collector tubes 256, 258 and 260 (FiG. 6). As FiG. 1 shows, the pure water

from outlet tubes 246, 248 and 250 reaches the collector tube. Centrifugal force from

the rotating inner housing forces the pure water to tube 254 (Fig. 1). That tube passes

through wall 262 (FiG. 6). Pressure from the centrifugal force in collector tubes 256, 258

and 260 forces the pure water through tube 254 and into collector chamber 268.

The collector chamber 268 is the outermost chamber. It is formed of shell 40
and outer shell 270 (Fic. 1). Note that in the exemplary embodiment, shell 270 is ta-
pered with its larger diameter of about 14.2 ih (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 to flow toward the larger diameter end (right
side) of the shell 270. The right end of the collector chamber is not blocked (Fics. 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
trough. '

A stationary dipper tube 286 extends from an open end 288 in the trough 280
to a fitting 290 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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The units of work in equation (25) are in Watt-hours with the constant
conver sion factor Cw which equals: CW= Constant conversion to Watt-hours
= (7461 (¥902%58800) ). Conputing the required energy per [PETABOOR27TMAL er
distilled fromthe device is (25) (25a) useful for specifying 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 determ ning
the rate of energy expenditure, which is the tinme derivative of equation

25). Durli a continuous. flow process, the input and output pressures are
Lok st el U AEPeAS 5 Sranst R oy O ealanmntp owapsbnainclaw aBlte | <
t he i nput2volunme Y, flow rate. Therefore, the equation yields: ~ Yl Y 17z

~=CwP ~-1. (Y-1) P In this expression Wis the power (watts)
required for VBPEENEA PpPEEEI2IR Of Kisvholow shaBd 28 dwas @ lewer diamaterthandtse f | ow
and densiutsidePfiatdfer¥P tHd Rt idROF70 (E-BX ?]F*Ha% cSRP ?P&ﬁing Q?teﬂg i Eie fiting
requirenents with the boiler and condehser mass oW out put. a ng of
uni ts r @98spdhatibe pure epridegsate flaws througipthe @BtrSURSHING WierSHEE tollddthdE 26)

10, e PR o o R 221 B PR e  hi
densi t y stighttkiretib dddsed ohltine dorfdeinsatetfBym inElde tbeeygﬁmemﬂmlﬂrhélld:bmqﬁ?g aaipg;ng V\;')f
e B o B o8 L Lt o 3be e conbot o e
"ener gy densi Mganwhiteies sludige ilei, the hrdcorgentrated colMtandinated Tijuid 2a0hds27b)
(27c) not vaporized, is moving to the left (Fic. 1) along the inside facing walls of the boiling
chambers (e.g., wall 40 of boiling chamber 36). Note that the shells also taper with the
larger diameter on the left side. Centrifugal force, therefore, causes the sludge to flow
to the left. When the sludge reaches the left ends of the shells, the centrifugal force
throws the sludge outward where it collects in a circumferential trough 300. Centrifugal
force causes the condensate to pool in the trough.
A stationary dipper tube 302 for the sludge, which is similar to the other dipper
tube 286 for the pure condensate, extends from an open end 304 in the trough 300 to a -
fitting 306 at the hollow shaft 120 (Fies. 1 and 9). The dipper tube 302 also does 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 flows to-
ward the fitting 306 and hollow shaft 120 (FiG. 9). The dipper tube is shaped to facilitate
flow of condensate toward the hollow shaft.
As FiG. 9 shows, fitting 306 has an annular groove 308 that communicates with
the dipper tube 302. One or more bores 310 extend from the annular 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 exemplary embodiment so that centrifugal force acting
on the liquid enhances the fluid flow toward the larger diameter end. Alternatively, 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
(Fie. 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 thé opposite end of the
shell wall, in a sense making the liquid level even. In fact, the g forces should be suffi-
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(28) Inefficiency |osses of the vapor conpressor and notor subsystem
increase the actual energy density. If their combined inefficiency loss is
(err) thgoaglosap energy density is: E oo E~= p P The rat ipeTajsospees fic
heats is required to solve the energy density Ep. Equation (24) is useful
to elimnate fromequation (23) the specific heat at constant vol une,
because only the specific heat at constant pressure is neasurable.
Substituting equation (24) into equation (23) yields: _ Cp Y - 1544 CP
778.6(MN In this expression MNVis the nol ecul ar wei ght (pounds/nole),

whi ch i el t6 causealiqend torflomaupwardatang thé 28) ev80)f thtehgiscare diauptexvartii ons are

s & conpneurfial ekt Hplor TPEN Skt dondm ot VRl RELBRHHIET [ To” ©

type, arrbayeenharmmgaettimn@f shdgp desawarl alangitrmotmulerrwamso § can fiblveoff thei d. - 29

PCT/ USO 71 B SH RULE 26) WO 02/ 08920 PCT/USO 1 /2271 S
To appr %g?uaéglﬁlﬁgggor E Spg‘consurrptlon per pound of water produced

by this procem 1@ogmwsatdmpm$rtw@,rsfer@@1hfa)«s R@bﬂwmmdwtdoﬁf?erﬁ&&gytbm a
perfectl eff|C|ent vaé)tor conpressi on an tor system F&&ure 8 shows a

pl ot of sfareAPREINg dhatpReh SYBE M IQUERET NIRRT SYSIEE: s FFYWFWA Pe2s)

I mpli ci by thaR l1aGe( 3t hﬁq)txegm RELB ), erhaﬁmgsd@%ﬁnéﬂfér@g?ﬁ tofit e AR density,
t he specific heat o he vapor and the input and ou pressure states of

t he vapdﬂanmgiétféﬁ'fsefﬁgh%[r é"thél@e b&lshmfiheyaré%m ﬁtﬁn@ﬁ@sétﬂlﬁft?' BA-2Mh t he
t
conpu atﬁuﬁ?ﬁs‘ ﬁ%m t%?éy%‘%ﬁid fﬁ%%ﬁé‘irﬁcgg Wh‘é?ththanH@'astlgfstefrﬁﬂood er

pol ynom a e tenperature pendenci es the boiler
pr essur dransppried fuisky 4o an emergennydegation ie sekapetable wate@rtrmcommaied

fam ['i es;0fq BIESSHhE ot 1188, EQftiruoBd buBlfotAR Wahile & SXBELES B'prodillEe di S
21,000 gallons (79,000 liters) of fresh water per day. The system only needs 48 HP
(35.7 kW) of power. ‘

High speed rotation of large-diameter objects can create balancing problems.
Applicants contemplate using real-time, automatic 2-plane balancing of the sheil as-
sembly 50. Placing two or more weights that can move on circumferential tracks along
the shells is one way to balance the system. Sensors to measure balance and to con-
trol azimuth placement of weights on a real time basis would maintain contlnuous bal-
ance and stability of shell assembly during normal operatlon

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 at which the system of the present invention operates, heat will not cause
chemical reactions of the contaminates. Still, some sludge or salt may tend to collect on
the boiler surface. Further, some incoming contaminated fluids may be quite viscous.
Similarly, the process may vaporize enough water from the contaminated fiuid that the
resulting sludge is viscous. Accordingly, one or more high pressure spray nozzles direct
water at each boiler surface of the respective shells. FiG. 1 shows one such spray noz-
zle 320. The nozzles can be aimed permanently, or computer control can aim the noz-
zles, moving them to direct a pulsing spray against the wall as the wall rotates in front
of the nozzles. This pulse spray loosens sludge so that centrifugal force carries 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 shells, but it can be on the right side. Alternatively, a single high pressure
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pl ayed pressure ratios are not directly apparent, but successful operation
shoul d occur with a boiler and condenser tenperature differential of 4F

(2C0) or Wwesrwns®y reading the tenperature val ues from t he peati@oiNamoOr
boiling curve of FIG 29, tenperature val ues can be assigned to these
pressure values. In Fig. 29, the increased work required to conpress the
gas -as its density in creases with pressure increases causes the general
increasing trend for the famly of curves of constant pressure ratio. It is
not directly apparent that the condenser pressure increases faster than the
boi | er édh@t ipamaved madislysomg radiall teack pndbe boites exitiside df he rotatinghowever .

Ther o1 f foyd 14 BuAEESHU Ingbbid shBhd AliofBfia. et veen the bol ler and

condenser ress re ratios and increasing boiler
pressures. mmplrmammpammammmemg pozzteswveuld opem&sésrufga:sdraral t han t he

boi | h '

Cranel alBERigng the SYReho v BetiRgH, ShrmbBRS LA s £ SEPRGH PSRRI tises ¢ ne
sIr |e ggh r |e oy mt | Osuzlnrg mwmmganmgfm Row?f rgﬁnmrngarqadi dvuld &so bée&mpbgfgﬁél: 1;] é xed
hor ke degetioh Spust ey haete el Posne Sl dherhos o v SPodn o

i ncr easédfie bRSlisTangas camedied agBes@DBEEA SRl hoamRalehsbupuktbF @dLﬂ’d‘béﬁérété err)T,
imlarly, the vapor

t he pressure rati o 2 decr ease. .
densi t i SGUHIS Sﬁfgﬂ%frrr?éeéﬁ%afeeérrﬁépaﬁwompﬁﬂr@r%tﬁ 8. slightly Iess

work is requi rrﬁaugr%stognamﬁ Fid1e, 4RSleft ARIeRITAYd BiRMg/ sl P RRAshdile not or
and conpressor inefficiencies i ncrease actual system en 'ng density. See

equat i orfUchgp shellyd andd2smavdare aghprt anadapdamiat 81 s end Topstasm ener gy

d

supsTi T PR BRI fin AEHEERIEIESERS BRI AesRues Bhicipde

t her modyheavever, dyatitee finidfioms of inopiming ewitaminateddiquisheretentamidatetidigeidt i al t em
t 11

Cor  cspanutrie (Bl et b daciod ShhoBE ol i, GELGY BY slBBtBtet AT ey

| osses. thanged &recdarmcal notors operate with effi ci enci es rangr ng from 93%

to 95% There 4% | easonabl.e enc err L| k W se,
Lo o T aet CaBRSvattT e kB AeSBRRl ShuT R ar fuiS s oEReYR 0 Ly
one expewps oathednlstyr arat dutietsceaisee separated f Flaide atsp dearex)t tied v@&%n a'Himncorrbl ned

overal | system efflc enc Id be equal to or greater than the follow ng:
~, f‘;ﬁty % /éluié]éyd@/b )~ (31 ) The data in Fig. 30 then

represents t heef:amwé ofemeeﬁraﬂdnmettae@ﬂtﬁ@engrs ih @SEIFige1 eRiboginieit, the REIPT
wat er distill ed assum ng that no wasted heat fromthese i neffici ency | osses

are uti|5@PRe forrmeq uging cpavetiopaldprapg terbnidugs Jaifless stael helisir@gbeaxchanger s
t o reducRigehfel@s® iddibriensin@st BVle digES carl BE aﬁgrlear&b formePRpBRd sHell 08§-

present jn seawater cause an increase in boiling
lindrical shells can be extruded and then stretched on a mandrel. Plastic shells would
be molded in their desired shape. Electro-deposition on a wax mandrel as a finished
part is another fabrication_technique.

Larger shells, such as a 5 ft diameter one, may require fabrication techniques
to keep costs down.

Fics. 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 (FiG. 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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tenperature over pure water at the same pressure and tenperature
conditions. .One can conpute the increase in boiling point by using the

| i near rglakiosshi p devel oped by Fabuss and Korosi for decerusoneigst he
boiling point rise of various seawater concentrations. See, e.g., Howe,

" E.D., "Fundanental s of Water Desalination,"” Marcel Dekker, Inc., 1974, p.
30, for a description of the linear relations between boiling point rise
and salinity concentration. Fig. 31 and Fig. 32 show the graphi cal

rel ati ons between the boiling point rise versus salinity concentration
rati o atandaonderssisgalvanizars Stamd=38, the welnp enst seal the %bamtbomﬂ@ﬁhageat

nbi t,t t F 4 i t t
resul ts PROE TGt PRy Beletid oo e Reb b Ryg SR G TAE AdshhGAnG™
boi | i ng lgaksyhitncrease i s the additional energy reqw red when desalinating
brin luti t f t d f th
pr ocesses. of ERBSEIER e phdleams Suaions e AT uBUYS R Mo Siset ne
primary quensy theaiiimeter o &Hrae\g@tymh@aambesbeéléts RERES. Thlibethsyﬁdtamf@bsw
requi res an additional

of "t he. FIIRSL eIl BRHL 8RR S AsayBPIEH 10 Sate ADF andalh fiteena;

addi t i onRkerRIRRE Shelll shdPfssari! irthérahal thalshél a8 b #t P1.5Ehf idrhérat. mvw from
utilities and sol ar, diesel and other generators are well suited fo

pOWET i n@%ﬂf@%ﬂ@ﬁb@@@rﬁaﬁéﬁ sty 64-8 ). Kachupiahiyouldibe G- 15%:it ek about ) S%Wer i's
util - 33(439@'\0-8’353?&‘ é gﬁﬁﬁ)fe en gﬂa‘f’é%gnﬁg%%é/%%t#ed the
produced can

cost per acre-Toot e Co e follow ng
si npl e rcmeafewehsla&weulgxesult(lu:a circumiggence ¢fat54 ft (4.6 m) and a diameter of 4.95

I&?\?\#@@%n " cre GLf)r[a'ft'c é[fésrfé}[\ﬁi p~ { tﬂ?"{f&? Wo?@z%%bicf ~e i:oétoo

One acr g4f3ont 3.3 cm)Zé}ssx TﬂJGGpace betiween the $hialls asouitcbles Derhalf that Yistancelar syst em

orer 81, S50 Y6 b Y UM SR BRSOl B,

ot her aprhéters ami)sonsatjuently Spaurcg changess Slats mdiftﬁeTeattdmenhens catild peant , t he

costs for much hi gher, revenue i ght of input

t han or o‘?rﬂ‘\évaﬁ\h&?'éé) g}&ggéﬂ QS84 qa‘gﬁ AYisRLo E@?*"r%‘%%%ﬁ@?ﬁéfﬁe% N9€at i ons,
snmal | systens F@&theqﬁevauedrsaﬁésu@f tigchiniBer dfaratd Wagehosemest. 10876l éae ¢fy st ens
have | ower capl tal system costs even though ower input ingreases.

Oper at i diRiguationsToe F‘H’E’Pﬁh@f sigts apd theicwidhns cou d? NOBHR P B edred

econom %%an§a¢rt %a%md'&f’ ehhgneu@eAﬁpli&aﬁséSaworhﬁﬂelputaehéd'@Malf fivioridfdts dol | ar
power costs) user speC| ed practical system size constraints and capital

equi pmerandchaming thewgmebmurobﬁrmj Sh’t‘lﬁ%@‘ﬂ'gbt%@iﬁﬁfﬁm sizes foneachdiffierant shell v
predi ct etﬂar'ﬂ@%tr A\ %BQ%E&H %Q%Bgaﬁ@rm Y#b ARG 418 atIkt 16)9:of.1fd068 grovidellor( err) T

t enper at ur e rence between the boiler and condenser that is being
transf ergdsigdisreagdthin filmin a high g rotational field. This application

addressed the gffe e?l-anfmlﬁg'técth%@s Ard As3LbB Ipleft%da '@neoéblﬂ?g?ﬁmté ansi er .

These hi gher g configurati to or greate provi de nuch
hi gher htafa:metmmb;eplaclogfafsl‘eetatbftsialnleeﬂs@qb@hlrmlwmtdﬁ@thﬂ’@u&ﬂl le pwiteérial surf ace

area Canarﬁgn(ﬁjg%aq?d?&danwahq ntt?eble%qes tpgéthgﬁlfﬁﬁ\gt@wtﬁ%bg HSf @L&%edur es

si mpl er €SS expensi Ve. ccor er of | s and the
over al | weuld hdwerfcostse Beyausenf daethirmese dfithednatétials hgweNed sthat ighlenique at

transfer_coefficjen e ese advant ages because of the
hi gher rW?&Pf%’ﬁad'ﬁﬁmfﬁﬁ%y?gﬁysileﬁ?ﬁﬁ%}h @{B%ﬁ%r‘i){]l ng fluid. The general
rel ati on whi chf @Immd)shelltmWahanieldnameafshbwaoaé anayct@ﬂfake(sudmsmlls both the
pool and 0| lin imes is based on by R now for
i nst ance R?*Téﬁ@ﬂd%ﬁ ajiyes ‘F‘?I %up\qMT a@@grgcrqnd |V8 te@ﬂ 'fﬁg’r
Chi ef ) Mh@rsmwshd)wﬂ%ﬁe fighre. Thé Shap&isyenaggehtsden (Rig 171t shbwghéled)n-wor k of
Rohsenow eperfor med 1952
t. The sheet |s wrapped around a conical mandrel with edges 422 and 424 butted |
together and welded. The welded sheet forms a comcgl or tapered shape. The degree
of taper varies with angle 426. A smaller angle yields a gentler taper than a larger angle

yields.
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correl ated experinental data. The rel ati on devel oped by Rohsenow has the
fol |owiWQ@&weal form . 3 (G | fl) _ 2 gN(pL pG- | geawsdi®Phs ~T = |za
= 1.IL~hLG yTSAT J 6 C ~h PS . 33 SAT SF LG RL where the variables are
defined as below with typical ranges for nunmerical values presented at

anbi ent input tenperatures of 70F: hB = Boiling heat transfer coefficient
(150 to 15,000 (BTU (hr ft20F)) uL = Fluid Dynam c Viscosity (2.33 (Ib/(hr

hLG = Heat of i zation Water {1054.3 (BTU I b)) (err)TSAT =
fs;% L% a§ ?LL) TecrI?B%‘T"é'? 3?%’9'9 é/ %%Hé@erlttthﬁ@umwmey FolisqtsaMDR right sige sh2llNz =

' ] 22 h ) = Shel |l Di anmeter
(0.5 to BT T hoRE SRl DY el et S R S RS TERY sver e g e g
Density '@@%?@ '%I"B‘P'T'?BW frRtries Wi pursevatier troxgis280; Qehirifbgal fdrée Bo(dstthét 3) )

— i ' { = = Tensi on at
ggrav = o\ Ghter Witn|{Ehe toRBN SA 9k o’t% l%ﬂl’[ﬁ bt 5 -
Liquid \F/)apor Interface ( 4.597Ax Qg(él Pé\fvﬂ ) %@% = g%‘é%nsgéigl&é{ﬁt Bl uid
(0.998 (PETNEISH flowrspt ef thtrenglawhErepit collestst albngthedtottomm Q@oﬂ@ﬁ%tgewLo.So 13
No Uni ) = = @fiblkul d (6,64 (No Units - S=
(N Ut o ol Bret g RS k1 e
Equat i ofer(tg3pliectparesibtites is Hzectadecowtbt 182 (Fiog2)hagiunip méﬁr?&ﬁeé freci ent
assum i g L Xi.ng, Forced.f]o xing typically increases
bor 11 ng Fresafrg GTEEAu (vE i acingiihin, e o A el Brmesure epting 0T | s
bel ow 1PEMPBAENe pBeewater trto obiidd 88BThallater isledlecldd¥opiis A Mlve Wﬁrﬁa}&’ HIT,
3d Ed., _1954 . 378. Th I.I uid fil mrp rates along the boiler surface
(with a#@&fq %@V'dggﬁ?fo‘?‘?@ﬁf’hﬂg the atpyye BY&WRiSTupon shel | orientation).
The fluid al sasbessletdenorsovaresmteddeqFic0 2) HGHhEIREN, H@&Pﬁﬁ%pﬁ' :
pressures that rotatjonal forces induce. This m xed node o eat transfer
enhance§p'ﬁ¥§?}%§”“p%"ﬁ%§9ugh 391 feventigle pumpd92ieices thediquidigiudgen (33) al one
predi ct shrou@tubing into outlet 194. The outlet and the ventricle pump are stationary and do
not rotate with the shells. An outlet in trough 190 sprays sludge into a collector for the
pump. The pump pressurizes the sludge and directs it into outlet 94. The pumped
sludge then flows into manifold 196, outlet tube 48 and outlet 50 where it is collected.
Both the pure water and the sludge collect in their respective troughs. The
valves that allow the water or sludge to flow out of the troughs are controlled to main-
tain'some level of water or sludge for maintaining the vacuum within the system.
Fic. 18 shows another proposed collection system. In that embodiment, brine
or contaminated liquid enters the system from inlet 670. Tubes carry the liquid to injec-
tors 686 and 688 (shown schematically). The branches that carry liquid from inlet 670
are not shown in Fic. 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
radially 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 bowi-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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SUBSTI TUTE SHEET (RULE 26) WD 02/ 0i 920 PCT/ USOL/ 22715 Results of Boiling
Heat Transfer Cal cul ations: Figures 19-24 show a series of conputations of
t he genewa n2tose0ds, which occur with rotational g's on badriusgiheas
transfer rates. These figures are both three-dimensional surface renditions
and twodi mensi onair slice plots for two different boiler surface materi al
conditions and three different anbient input tenperatures. Sone of the
figures show the enhanced boil er heat transfer behavior with increased
rotational g for a'roughly coated Tefl on PTFE surface on a stainless steel
shel | atwatabiremtthe righit sidecafrotaiingsbsll boushigF65®0¢ws ander higiFveldditystoward es

ot or m 08 15 ShaBes FORORTEFLLS ool biiel e il 4R shBRd B7Buwera ool

See, Quyitthen fipws 1ntd Dutis¥ea. Bswhghapndgtmll'e’etbtm isthé mirrert@flbmlwt}shapé(fel

i nstead of, pol Lshed stainle a 262%incre n, boi I

t r ansf er® 088@ é&f g é%%'gﬁt(ﬁ%@% 't‘a%e 5\5""3[ manger- ﬁ@g% htaé'nInSF ‘g'oéﬁf%rt ent

boi | er sthelefcside baFR| Y18 pedviddsedis@ienesisicls te@busididaninienzzidse46.
characterlstltg g L??ce coeffici etﬂt is CsF = 0..0080. Ph SI%&H% t he

oerfor mance | £19JAASRISTANS BPTible goah SPRRCAlY farlaigier unis, dPedoBiNG g h
surf ace KRRINGB5DAIdsdh MMhuii6sY asfountrglinlBe62YaRd bkt 6RYohenN&shulgf | on
surface provides nore | gcations for nucleate boiling sites. Surface wetting

char act €9n&ding 8 viseyehaud Gpdin arnularrniaig 6(55@("?%@'”%5‘@?%@%5@9'% 67Re
anbi ent dr@RPBHRILsHDebRBIEASCE2 & endiOhio thE aRRAL fif As tﬁe‘ﬁtrfér%pg

increases for the sanme tenperature differences and sane rotationa

Physi caling, 15trhﬁa§escﬁichﬂhsVQi@@@ﬁﬁs ¢he Viscaus diguigr6 Sdapl foraea ﬁemsermeeeyem'mm

i ncr easi rgfré v?g{ &it. Therefore, nore heat ener gy is transferred to a

boi I'i ng |UI e sane DT. The graphs show sohe advantage for operating
t he system at Baﬂerwxﬁ@dndenmr SarfaceeAteat Regign: Folinersasd thessystequivates heat i ng

h | o ' . if th
cont an 1PEeRORALIRE S bl Bng ¥ahdcheB Sl tack 1P Hiusthe BEIEE 25 b "be ar
agd'_elt _evatllr!el amflrspttb?tousttaeffe:c%tt\r/]é\a?dhpractmtpﬁteabutttpetsﬂo(\:/\t isdinegdt ﬁmpomoﬂdl tenpl oy ag
IT10 e ern se 0 ea S 0 reoer SO e | NCrease
et hal py R BBIaRT BGe (78 f FHUTL BT AIDE o)aR0S NGB FERHACST e natel BspGach may
be benefess;in@l systm oembq:resémnt\/em?dn BNRathedes a/edriimeBbllersdndeopdphder|

equi pnent u and en e les a Enh nC|ng

a1 g welhguriebd SRRt seckesiho A% iRy 0 hIGa heHt TERRISh CBIoREeRIVES at

| ncr easi dugidriey 1eiHoiloE diPdondEASETE & bé SoldntitCSRAS Kith Rfmallwepaffionoughness

of the boiler wall. An _exanple would be to provide mnute "grain-like" thin

Tefl on c@é‘f"?ﬂ'@;g‘%at“l’té"tB&ePﬁ@Q'"Edﬁq"h'Bé'ge ongilarag cylindgisal %P’Eﬁ"&%ﬁ "Rt i t ude of
nucl eat eserdiheHeRO5pHc s%ﬂnn@ [ApSR! T anét%né:fhat ﬁ)llB\% seMtstreR@BnyBIat | N9
surface. This enhances the fornation UTE SHEET (RULE 26) WO
02/ 0592 ccommpytetirel fotal sydace @r&m%ttm%bm%bouerwducaﬂ@@er puacesdenend y out

of the fahmd ﬁ%ﬁf%fftheg}éyeahmwﬁtf&@?h@éee.%woﬁ pRAHG B Helght BRPcostBEER N 0N o
forces I’OVI buoyancy force for tﬁ m cro st(gam bug%sf es In the

hi gh g f$Y§tQﬂnaﬂdlfh§r@£D@tﬂQ%P@’é¥mnﬁ¢cro convective currents. Achieving

t hese hi gher i thds Al

stationary sy Jt?l g%%ﬁ%é@%l-ats envgg(%)d ﬁg&{ édtjgbé?ﬂ éqn'cgrétﬁgtggét%fﬁjép ! erature
show t hal2, t3l4earmtr4(btﬁle of). Ano)tbelt Wby of eamaidering &eostells mctodhnﬂh@ftmm asepalrs

t f I Heat
LSt R L bR B TP 8B i s s bl igleaffg ol
pp. 1- 7%etds cogiensapshetledOné bﬁihleumlmsHellaaiﬁdtHe)adjamttlcngd@ttBet bieelkforrher i s
anot her possibilit First, alum.num uces the ent i hoo ress in
proport i%ﬁ rqih KA %élf P GOBYMOLAS- |1Ef'le Qfé‘ﬁg?'f%fégd Cgﬂ%e gsla%!ﬁ@ gf '(Sa?Pum' num
i:ls aboutfirét}[—n&ehﬂri?tteggians_btsbﬁbrggg patr@bbuttﬁgmammiﬁz 5I y, the tangentl al stress
ecreases from si , at s, to out Si r corrosi
resi stant al urﬁsrhﬁj‘ r‘T’HRWa?gB %é%c'?ﬁ 3\% ?ﬁgﬁ Pﬁg"’%‘rﬂﬁ?@ r\‘?ﬁt'?
conpar ecthberysinl a@ﬁ@ @he@lry bt thel gXempa§ efhbodphert breadusidet \sphingf about
120 (BT I$hr ft 1|;) to st ai nl ess which has a value o about 10
ﬁ@“f’%ﬁ‘?m

(BTU ( hr T Toltpying Bifedne fotaliagen ek haler e%a%t%?tihq # the wall
mat eri al becones greater when the heat transfer coefficients due to boiling
and condensi ng becone less of a limting nechanism H gh vapor velocities
(50 to several hundred feet per second)y exiting the individual boiler and
condenser shells enhance the boiler heat transfer structures. Sweeping
contam nated fluid along the boiler wall surface is the mechanismfor this
enhancement. The sweepi ng ofISUBgﬂTgfggHggTqRUpghspce which aids in
forced convection heat transfer at the vapor fluid interface. Forced
convection through graV|ty |nduced hlgh pressure |nject|on of br|ne _or.
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WO 02/ 0592() PCT/USOL/ 2271s Condensi ng Heat Transfer Coefficients and
Enhancenents: Condensi ng heat transfer coefficients are usually higher than
boi | i ng hapsdsvansfer coefficients. Conse quently, condenggyssoi@siusre
smal | er surface area than boilers. According to Guyer, typical values for
filmcondensation of pure steamrange from 1000 to 5000 (BTU (hr ft2F)) and
for drop-w se condensation of pure steam the values range from 90,000 to
50,000 (BTUW (hr ft2F}). Unfortunately, conventional condensing heat
exchangers do not achi eve drop-w se condensati on except under very speci al
conditions and onlsyy over reduced portions of [thexcondensi ng surface.
Fai | ure téruetddé ﬁ?%@f{d@ﬁ#&ﬂ‘éﬁd‘&%@ﬁ]?ﬂ@l{&l% E’%]‘to achi eve drop- vildk-
condensati on. The=tondensate forns a filmlayer ieh tthe surface, Whl ch
i nsul ates the
Convect i ve Boi i“'.”ﬁ% éé%%%ndﬁgéﬁ gﬁ'%e't%%ﬁéf%ﬁ &fygﬁgér Sh%@%aé'k'gﬁ by 366 3609,
descrrbesNt r dellit)f {)ent nmet hods for enhanci ng condensi ng heat tranéI {
coeffi ci ents "Fiarst, By reducing surface tension forces of the condefid
changes to theTﬁurface eomnet F‘é can. increase the avail able area for

r

condensation o Eﬂ'%ﬁ’ﬁ‘?sé‘%?d?%t ff?"ﬁwr’@rﬂﬁfﬁlt'oﬁﬁ condensate. Next, treatnent
of the cORIQQgg%utgmgpg,f,@ggtepgﬁumgmﬁe drop-wi se rather than fi | m wi S@1b
condensation. Making the surface non-wetting reduces surface tension
forces. TARedSaperatmdetvesreesaeshells@uthea) chemical |y coated surfaces(M/o)ch
act as prgno oated, non-wetting surfaces |like Teflo nd
c) elect rjc?f pﬁgpﬁa zg?%%%ege coatings of the noble netals to pr om)@adfl
non- vet t apil lidngth bt shefi@n@g fiel ds can remove t he condensate fromt e)

surface effectively. thereb Ieavr a "virgin" spot for enhanced hea
transfer of th&esighingthegnirgsystenty Rayesmeanmpa separgion ARcbetwaen eaehsf er

coeffici h

urt ace, EpOIATAN P'“@d“"%g%éﬁ“t"% SR8 PUFE oy Sobaib Phe RIGARR e,
e.g., Siratigns qxlswbemnnheéhelhtadluscnge “l%"rsétettandmmeucaeperatmpw on a
Rotating klatipzopkaly Cylinder, Proceedings of the 1963 Heat Transfer and
Fl ui d Meclfanics Institute, June 1963. To help elimnate the differing

rel ative et 8ct 8REL2 Gk t‘ﬁéRﬂa:bor condenser interface, it may be feasrncﬁéf to
i nsert Iomgimydmatzpl@sgm/wbe separators inside the condenser cha S

These tub S 0 l.i.ze t.he vapor flow into channels and to
inpart a ge‘nt 1'::)\/e {T?ﬂéﬁ”? _@oﬁdensate fluid. These corrpartrrents
hel p lrmart an%bﬁfomﬂté&ﬁhﬁ&st(h‘?%m@l@ﬂﬁ%\?e Y% SdiAof iHeGralii fs ety
i medi ately re he condensat es romthe condenser surface. dydr tion,

reduci ng b M od®hnd condensate mini mz he
aer odynangg %ﬁng ﬁ@m) SNO(E 1%"’&?8031 ite. The interfacial sheg?i ng
- 36 SUBSTI TUTE HEET(E;;‘T_EQULE 2%3_& OZQ% 920 ﬁg/ USQOL/ 2271~ bet ween the
condensat e and [NRECEYIBHE LLineadation ¢ 3)[s evaluateriinperpprating thesfollowing; ¢

menber tgemesiel erate the condensate. In this case, the condensate
acceleratgs to th§ ﬁ\r)t[ where its centrifugal force is much greater than

the surfa Ce54.340Ns V2§ densate i's renoved
i mredi at eg‘; i n\a2 se Jfrashr oﬁ\ﬂ %ﬁtsded oh (14)
devel oped by Sin

r and Pre , at tran rat 000 to 15, 000
(BTU (hr ft2F)) g?rF“BH“? ‘?Ct ﬁ?‘ fderags Ry |°H ng‘?ft}h%dswbct’n es.
Putting d'tﬁ@r%taj'e (hAX]) b)ofﬁfcfs@tt&?ﬁssaé)% condenser surface al so may
i ncrease enser eat transfer coefficient. Adding scratches when
unrol i ng-io(fNH)e boil er sheet material during fabrication is feasibl@d4a)he
scrat ches reduce the contact surface wetting area for the condensate
dropl et s. unently, dropl ets do not adhere to each other on the
condensermce during high g rotation. This techni que may reduce the
bui | d- up ef—~surface tension forces on a condensing filmso that g forces
i mredi atellgf( Ns¥er come the surface tension. Accor di ngly, this nmethod may

pronote a verymbg;lfo,@eg{e%emp@,vgﬁ 8P eHlistnq@agignsation, which yields
exceedi ngly hi Zh cond enser heat transfer coefficients that stationary

systens Cc§nHQ D A)s(bf‘ﬁ)avr ously nentioned, |ongitudinal segrrent

di vi ders g([we) 2ot h t21e er and condenser sheII passages can enhanbe
drop-w se condensation. The dividers inpart a continuous angul ar nonentum
to the fluid condensate. The nonentum ?gcel erates the condensate drops
until they overcone surface tension foftes so that the condensate is thrown
away fromthe condenser surface. The segnent dividers also add structural
rigidity to the overall shell i yi,ders coul d be made of
flexible plastic tubing plugged on eaoclrbisglﬁ aﬂ%uﬂé‘ﬁ)ed with a dense gas or
Irght fI ur d by hypoderm c needl e thr ough a rubber poI | ceman f| tt| ng. The

. ——3 — R . o
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SUBSTI TUTE SHEET (RULE 26) WO 02/ 092U PCT/ USO1/ 22715 jection rates and
the height of any boiler damclosing off the end of the boiling chanbers.
Rot at i onglp @/okepces naturally thin the fluid film and thethwnests heat
transfer rates probably occur when the filmis maintained at the thinnest
values. O course, total coverage across the boiler surface nust be

achi eved. For desalination applications, an increase in waste brine out put
is not a problem Accordingly, fluid injection rates should maxim ze the
pure water output for any given conpressor power condition. Too little
filmng may crgabstitdiing sqatisna(id) ahd $13)asts guatisre(MRbRes e Bt ardknef dmuch
filmng nmay, reduce heat tra s[§er rgt.es arid reduce the pure water output
flow Théh E'f%ﬁln &e8 ?ﬁsefégﬂ aWRICBSIURISI | oop can automatical |y adjust the
conditions. Wth propefydgsi@p, the control loop can neasure fluid

i nj ecti ordmates” L& j otational g load to nmaximi ze pure water(16)
output. Figs. 25 and 26 show-the cal cul ated stress, strain and rotational
g's on the outer PRi ondenseygying for 5 ft (1.5 m a shell dianeter.
The gr aph@mﬁd%ﬂ#M% Ry e }angenti al stresses in the outer shefl¥)

(i nner shells have IAgwe stresses) due to high rotational speeds are

negl i gi bllutmghammg.g,gds Blmhtofay 6f Aithe BRI Ale3s 3G ept abl e stress forgara)
0.015 in. (0.38 mm thrck stainless steel shell. Figure 26 shows that even
wi th the Bddinneonmist sledldadibst(itle |iquid filmcarried by the shell (asiidbged

to be 0.070 in., (1.8 t hi ck-much thicker than expected), the maxi
t angent i N§t$@§é6‘§’st%"(fﬁd'8§ r at the shell's inner surface) are sti

|°
easily w AhL i Sk i ; radial growmh of the shell is
very srralz}klvmrsteﬂ)%zét%gxq.nurr%rgér'%é\/h\/??\mga—é%nly about 2 mls at the outer 5@‘:7??
di anet er . NSelumheesfhaieeshgllst in Fig. 26. Applicants investigated th@d7e)

aui T ed Y . .
for & hypot het 1 Baretettf S SndREhSe SelEap e HordhrgBieth 0T 10
cal cul at iknowdeteightideaditys spelt thickness ¢bbd soffaceharebail, gr The deighh agigar bghel | s

for these configurations. These wei ght charts shown represent half the
total wei ' OPsi@eF|Psmel i dzmmbul e system In an actual boil er/ condend&

chanber design, an additironal,sepapation shell between each boiler is
r equi red.wsxgapg,grBZSBwnaitnge%}t of all shells would be tw ce thdS
val ues presented in the ightzché S. Therefore, the weight charts to
follow represent the su d paei ght forNghe boiler shells only. Wth the
expect ed epphanged: ear L+ (RwaRles—lesul ting from higher g rota t{20pal

rates, the overall surfacéfareéa and wéight requirenments will decrease

consi der fr I ni ti I; : I LA/ requnLed
chotl st of tess' Sest RS e 5 Welgh b B lerkBRbiNe? SpaBn ), 2 aliges
PCT/ US01/ 22 Shell tHiskihess (insHeeyt flow will al so decrease considerably. (Boa)
reduces the manufacturing costs. A series of conputations were rformed to

di spl ay what t EOeI BeFUEawNES Asdliscigsecdipreviougly, MeFolEsegHenpayisinegh i ous
shel | sepagatdORRF theSSRRirly ghd cohdbRSing bR¥cEs® EorhBE eRMERUtEA thealdiRF corhbe i nner

radi al shel'l is assuma:j to have the, s%%m fied dianeter_and additi onal
shel | s sUMeeRfigYstRE 230 dhe sistem igiagdivsiaddojopgraie near a BpEnhWAISAYaDYS RT8Sa naxi

mum 5 ft.q e AR ISborAReRSRRRSAE iiﬁm@aeﬁﬂégjp%ﬁuﬁ‘?ﬂ‘ﬁéwp%beeomBﬂé&ser The

jagged lines on these series of ots Indicate the effective radius

(di scr et eirgates apiessyye vdtioraf abpet ORI h2d@ndbe vater vaperthatis @le toiboiliaddi us i s
equal to I i T : i a

measur e o%%ﬁ@%”ﬁ@%ﬁa%ﬁgsg%&@ \?ﬁgﬁ;’a F&Q%ﬁﬁ(‘agﬁt r %’@??ﬁrg%esf ficient
coul d be Cargequentiyatte: wpnkldond bytthekdmpleskobrsis veiylow. Sae, cigakeemamsiidr

i ncreases_w th ues, .a val ue ed he, “effecti [ er" gives
conserve kSt < Thepfosatiic PRI br e Sy PMSL 5 508 PO Bhe oLt o
and attri2gs8es about the present systemthat make it superior to other

processes and %Ulg nt., and thek/ are summari zed bel.gw. -39 SUBSTI TUTE
SHEET (RULE 26) ough the Keenan and Keyes process envisions a piston-cylinder pressure

and volume change, conservation of energy makes the process general and applicable
to all compressor designs. Only the input and output thermodynamic states (pressures)
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WO 02/ 0920 PCT/ US01/ 22715 SYSTEM ATTRI BUTESTHE PRESENT SYSTEMSTANDARD

DI STI LLATI ONREVERSE OSMOSI SCapi tal Acqui sition

Cost sLowhicahMeshipumVai nt enance Cost sLowMedi unHi ghOper at i orradT/UuS01/22715

Cost sLowivedi unHi ghSi ze Equi p Requi renent sLow25 x Present SystenR x Present
Syst enEqui pnent  Si zeLowHi ghMedi unEner gy UsageLowH ghMedi untel f

Cl eani ngAut omat i cMedi unDi ffi cul tHandl e H gh Total Dissol ved

Sol i dskEasyFairDi fficultBacteria, Metals, |onsPyrogen FreePoorDifficult -40
SHEET ( RULE 26) WO 0210s920 PCT/US01/22715 W claim A boiler and
condens eandsthe spatifio ipei of theymodynamis duegeasg ars necasspryde ppradigtdle epergyd- apart
and gen | | ells within the housing extending and rotating
about a%%'*%m%rﬁgﬁgpg%%ﬁnt he at | east three shells conprising an inner
shel | cl osest Begining omffirsteriatiptes, tharfdlowingdississidn frasérite ah ahelysistdfe axi s

f rotat) i ddl hel | he. i hell. and t.h t hel |
Che ohaithg BoRPrsior bR Crell Biherts iSRE olsBfatlo Hiekaotis BB SoMes N
tEeI ][n ddhe \Asimebérfo?mﬁ_ l@ntr?lmmpr&mcd enhﬁﬂ!ﬁebyhbnsidérﬂ'@ t_he&imielbs &nbet he outer

e , ea ace aVyl n WO nas,; . a Co  essor aVvl 0 r. . pressure
ore anPERRABACE. 16 HdtkrieS; fINg 1S pfd Tl Ca i r b e e ML mo i h
t he i nnedarseRbE titnllotteiheam the goinperessee Haid! Eort éadhheg@'rmhesmﬁ@fes%dlﬂg gi gher

) a source o ur d;, an

pressure side conmunicating with the outer space; (

i nj ect ortNgpEAlYA WEB‘P&@&\%&"@’W‘%V#&P@&U? EemBFepSFPVLﬁ"&F SHEYNARES iCRMsr  space
transm tddra@ td the drhotirfl of Ab& tidnSferfdab tFPMAE is ShalPahPdddredsdshath ihhe outer
space.t hrough which fluid can flow, and f) a collector in the housing into

whi ch f | &feased epmpneeser afidencyolnetficiesncy losses of the compressor result in reduced
laminar kinetic flow of the vapor and increased turbulent kinetic flow. These losses are

minimized with the appropriate compressor design. Still, the inefficiency losses of the
compressor can still be applied to the end result to determine the approximate overall
energy requirements for this distillation process.

. In general, the work or energy required to compress a gas in a cylinder by a
distance 45 can be computed by noting that: '

W=de=?F-d§£?pAds=?pdV. (21)
S, S, ¥,

in th‘at eqﬁation, W = Work or energy of compression (ft-lbs) (21a)

p= Gas pressure (Ibs/ft’) 21b)

7 = Gas volume (ft). ~(210)

The subscripts 1 and 2 in equation (21) refer to the two different states, i.e., in-
put and output volumes or positions. These volljme states convert to pressure states 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 condensing vapor pressure pc.
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 thermodynamic states are
related by the following constant condition:
W =pW =pV" =K. (22)
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2. The boiler and condenser systemof claim1l further conprising a tube
connected to the source of fluid, a plurality of tubular nenbers

comuni ogbigs@sadth the tube and receiving fluid fromtheptohsoyzid east a
portion of each tubul ar menber being adjacent the inner shell and mddle
shell, the injector being attached to the tubul ar nenber where the tubul ar
menber is adjacent the inner shell and mddle shell. 3. The boiler and
condenser systemof claim 1 wherein the conpressor is a fan, the fan
rotating about the axis of rotation of the shells. 4. The boil er and
condenser syslnethistﬂxptﬂsél% & ipmcoastanbwhich £3p bg ghipyingtes asd 1 ffethp4atio s

L ocet e of SRR 1 8s 3PS kel s g GRS G e} 1 2
pr ocessiar@(B:mﬂlaﬁF))aTlmeisﬂmcnﬂﬂ hbat catior ¢ Sis igfined by;ubj ecting a plur aI | ty of
spaced-apagﬂ shells to a first reduced pressure, the shells conducting heat

ener gy, .es shel | having a common axis of rotation and having a spggs
bet ween "adjGgcent shells, an inside surface facing tovvard the -41 SUBSTI TUTE

SHEET (RULE 26) . WD 2/ 059 CT/[USOL/ 22715 axi. tation and an

out si de 28 %%ﬁéeqf&*i‘ ?"ﬁ?‘?‘gm R gag gideqifar Weig! tlgé‘ﬁa Qr%e shells fornming a
first set and se nd set c1t54$hel | s, a shell of each set alternat i with
a shel | &’ F%é& eEJ[lSrWP%d'S extend outward fromthe axis (2%
rotation; b) rotatlngt f1 out their axis of rotation; c? i nj ecting

liquid al ong trhfblsse)eir¢$lmf Rtifithe uniarsalezassionsiast with upitsef (Ehsi(EF (b)he | i qui d

form ng f| I ells;

0y tur e 1oReBhabY T OB iorTe flodasfhy tnbualbyPerbfidb AnaT  F

i nsi de sgmlfgam infequitiorf {213.tSubstituting equatian(g2 sintl ¢chamonl (2heandsireplifgingur f ace
of the secf%gd set of rotating shells; the second reduced pressure being | ow
enough tY§'%huse a portion of the liquid to boil and create a vapor and a

portion to remai n asf sl u@_qT ) conpressing the vapor and directing the
t

vapor to space outside surface of the first set of r@%gti ng
shells a d‘ he,lf)é’!d rfac ‘'of the second set of rotating shells,
vapor contacting 'andf conhdensi hg to forma condensate on the outside surface

of the first set of rotatln shel the rotation of the s | s causmgthe
condensat e to '88LNES P WArKIA qF?Rqrdéskﬁ'ief'Bé’gatgFOYrﬁév'@etbﬁﬁangﬁ?t Pt ating
shel l's; didn faelor @G}, ch Bguaigndensate from the inside surface of the second
set of rotating shells; and g) collecting the sludge fromthe inside

surf ace @f =t Bendtantstonyetsiapfto Vatikhpurg =(T46/(850 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 hr/lb). This can be computed by first de-
termining the rate of energy expenditure, which is the time derivative of equation (25).
During a continuous fiow process, the input and output pressures are in a steady state
condition. Consequently, the only temporal variable is the input volume ¥}, flow rate.

Therefore, the equation yields:

. (-]
I A | ) _ .
7=Coly P (p) & )

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

Now I;1 can be computed from the mass flow and density of the boiling vapor.
This connects the energy requirements with the boiler and condenser mass flow output.

Examining of units reveals the following relationship:
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7. The nmethod of claim6 further conprising the condensate flow ng off the
outside surface of the first set of rotating shells where it collects,
di recti ngol@Rsegl | ected condensate toward the axis of rotpatrju®o1/2avels passi ng
t he condensate out of the systemnear the axis of rotation. 8. An apparatus
for purifying contam nated |iquids conprising: an outer chanber under
reduced pressure an i nner housing within the outer chanber having at | east
a pair of first and second generally concentric shells rotating about a
common axi s of rotation) each shell having an inlet end and an outlet end,
a contanmnated liquid inlet extending fromoutside the outer chanber to the
inlet eng=0¥ the first shell, -42 SUBSTI TUTE SHEET (RULE 26) WO 022055920
PCT/ USOL/ 224115 a conpressor downstream fromthe outlet end of the outlet
end of the first shell; a clear path fromthe outlet end of the first shell
to the ddhgeedseBdling faponvelhmedlowpates@iohr)t o the inlet end of the s@Zanhd
shel | ; a, contam nant outlet downstreamfromthe outlet end of the first
shel | ang=avasy fidw eeiitid qapstizedi(loethrogiversby equatibn@@o)t he outl et end of27bjpe
second shell 9. The apparatus of claigm8 wherein the outlet end of each
shel | hag =aVapergiensity ahibedoilehfvid{he/ftinl et end of the shell. 10. Th&7c)
apparatus of c¢claim@8 wherein the outer chanber conprj,ses a i r._of hubs
al i gned with tThe eagyay %?PGPGJM?PShPo‘ﬁ‘ds‘?féﬁattefe‘?{f’%%dnﬁfpfﬂPbﬂ@Eﬁ%%tb’rﬁffﬁ t he
hubs, each shaft supporting %sbe. ring, and each bearing supporting one end
i

of the idiRkystensis\ébnifited BY : tv'ir/ng.@lsycsmbsﬁthmdo@@_rdti_ag(2ﬂ)1ntoﬁqeammt us of

claim 10 wherein each shaft ‘hol l ow, the contam nated liquid inlet

conpri SHE%F%‘EG%Q& @%slf.%R%Me?]?wn%cgmggugh one of the hollow shafts. 12.

The appa er conprising branch tubes comuni cat ing
with the inlet tube, the pranch tigbes]having at |east a portion adjacent
the inlet end of jhe 3}1e| ¥gt | @ast one injector communicating wth
t he brangh% uhes, £t he /i nj Parli nj eclifng contanm nated liquid into the inlet
end of thé shell'sp ?.-1’5} gpparatus ¢f claim 8 wherein the inlet en@$) of
the shells are cop'l nar :

Inefficiency losses of the vapor compressor and motor subsystem increase the
actual energy density. If their combined inefficiency loss is &, the actual energy density
is:

100
B
¢

The ratio of specific heats is required to solve the energy density ES. Equation

o (29)

(24) is useful to eliminate from equation (23) the specific heat at constant volume, be-
cause only the specific heat at constant pressure is measurable. Substituting equation
(24) into equation (23) yields:

C
- p
LA €7 (30)
P 778.6(MW)

In this expression MW is the molecular weight (pounds/mole), which is 18 for
water or water vapor.

The preceding equations are both temperature and pressure dependent, so the
optimum thermodynamic cycle is a complex but determinable relation dependent upon
the specific fluid type, ambient temperature and pressure, and contaminants in the fluid.

-20-

SUBSTITUTE SHEET (RULE 26)



and the outlet ends of the shells are coplanar, the conpressor conprising a
fan nmounted at the axis of rotation. 14. The apparatus of claim 13 wherein
at | eastw@ @Rgdpon of the fan is nounted adjacent. the pl aog/uwoihives outl et
ends of the shells. 15. The apparatus of claim 13 further conprising a duct
about the axis of ro tation and conmmunicating with the fan. 15. The
apparatus of claim8 wherein the outer chanber conprises a pair of hubs
aligned with the axis of rotation, a shaft extending through each of the
hubs, the conpressor conprising a fan nounted at the axis of rotation to
one of the sh3btappredinte Heeregpjped abergy cOnsngptiondenpoured of water prddeiced hanber

! " ai o hubs ali 1w e .
ot onct oy PisitBedasSe et Babinediea rotnte fuBd el dlon @h ek A hesRefy 8
first cdidrebpsr domgressiombad mvtprasyetein. Figure 2Bghowsd pidt df ieesedds@tdB3STI TUTE

SHEET (RULE 26 W O 02/ 05920 PCT/ US01/ 2271 hel |.s, and i di t
e Lhan ¢ ke AEIREYRDS RETOTEY Ui et aiPaNZA drpI e nalds g Brir o tube

ext endi rgprAtiRBdgEAdERT SectPbh Bl \Ribof HaIty OthaRpedifid Réatasdiilie edforana tké t he
shafts. 17. A process for purifying contam nated |iqui rising;

'17. d com .

r ot at i ngnRHt anSRP PRESHreplatesics thexyRPos cLsea CHBRE & F‘Pt:e’@r'ig'ﬁy shawdit a com
fon axi %h?feqﬁé‘titﬁ{ iPthe RAGIUAINR! drots! RGvéVr) dieUtate Behva RitLudimyfiftieBilernd an
inner surface tTacing the axis of rotation and an outer surface facing away
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In FiG. 29, the increased work required to compress the gas as its density in-
creases with pressure increases causes the general increasing trend for the family of
curves of constant pressure ratio. It is not directly apparent that the condenser pressure
increasés faster than the boiler pressure with increasing boiler pressures. This is true,
however. Therefore, the pressure differential Ap between the boiler and condenser
must increase for constant pressure ratios and increasing boiler pressures. Conse-
quently, the condenser pressure increases faster than the boiler pressure. Further, a
faéter increase in condenser pressure translates to an increase in condenser vapor
density. This then causes the slight increase in compressor work for increased boiler
pressures at fixed pressure ratios.

The family of curves shown in FiG. 29 has a decreasing work dependency as
boiler temperatures increase. As the temperature increases for fixed boiler and con-
denser temperature differentials AT, the pressure ratios, (p, / p;), decrease. See FiG.
28. Similarly, the vapor densities decrease with increased temperature. Therefore,
slightly less work is required to compress the gas.

As previously mentioned, the motor and compressor inefficiencies increase
actual system 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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performance values resulting from a small AT temperature difference between the

boiler and condenser that is being transferred to a thin fitm in a high g rotational field.
This application addressed the effects of this high g rotational field on heat transfer.
These higher g conﬁgurations (up to or greater than 1000 g) provide much higher heat
transfer coefficients. Consequently, the overall boiler surface area can be decreased
considerably. This makes manufacturing procedures simpler and less expensive. Ac-
cordingly, the total number of shells and the overall weight of the system can be re-
duced. This yields higher heat transfer coefficients. The system achiéves these advan-
tages because of the higher rotational g loads on a thin film boiling fluid.

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, Eric C. Guyer, Editor in Chief, McGraw
Hill 1989, pp. 1-79). Guyer references the original work of Rohsenow performed in 1952
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where the variables are defined as below with typical ranges for numerical values pre-
sented at ambient input temperatures of 70°F: - |

h, = Boiling heat transfer coefficient (150 to 15,000 (BTU/(hr ft**F))

u, = Fluid Dynamic Viscosity (2.33 (Ib/(hr ft)))

Ah, . = Heat of Vaporization Water (1054.3 (BTU/Ib))

AT,,, = Saturation Temperature Difference (2 to 10 (°F))

2
%(3%) DN? = Rotational Acceleration (64 to 32,200 (ft/sec?)) (34)

D= Shell Diameter (0.5 to 5 (ft))

N = Rotational Speed (50 to 2500 (rpm))

p, = Fluid Weight Density (62.3 (Ib/ft*))

pe = Vapor Weight Density (1.15 x 1073 (Ib/ft*)

g, = Weight to Mass Conversion (32.2 (ft/sec?))

gy =CyDN* =

o = Surface Tension at Liquid Vapor Interface (4.97 x 10 (lb/ft))
C,, = Specific Heat Fluid (0.998 (BTU/(Ib°F))
C,- = Material Experimental Constant (0.0058 to 0.013 (No Units))

P, = (CL“L.) =Prandtl Number of Fluid (6.64 (No Units))
f .

‘L
S = Exponent Constant (1.0 for Water & 1.7 All Other Fluids (No Units))

Equation (33) represents the expected boiling heat transfer coefficient assum-
ing no forced flow mixing. Forced 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 film
migrates along the boiler surface (With a vertical component of gravity depending upon
shell orientation). The fluid also has enhanced movement due to increased longitudinal
pressures that rotational forces induce. This mixed mode of heat transfer enhances the
boiling heat transfer rates even more than equation (33) alone predicts.
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Results of Boiling Heat Transfer Calculations: Figures 19-24 show a series of
computations of the general trends, which occur with rotational g’s on boiling heat
transfer rates. These figures are both three-dimensional surface renditions and two-
dimensionai slice plots for two different boiler surface material conditions and three dif-
ferent ambient input temperatures. Some of the figures show the enhanced boiler heat
transfer behavior with increased rotational g for a roughly coated Teflon® PTFE surface
on a stainless steel shell at ambient input temperatures of 70°F, 90°F, and 110°F. This
series employs a material characteristic coefficient that was empirically determined to
be Csr = 0.0058 for a rough Teflon coat on stainless steel. See, Guyer, pp. 1-79. When
using rough Teflon coated stainless steel instead of polished stainless steel, a 262%
increase in boiling heat transfer occurs. The second series shows similar results for a
different boiler surface, namely polished stainless steel only. Here, the characteristic
surface coefficient is Csg = 0.0080. Physically, the performance is reduced for polished

stainless steel compared to a rough surface coated Teflon on stainless steel because
the roughened Teflon surface provides more locations for nucleate boiling sites. Sur-
face wetting characteristics increase with the Teflon coating.

Observe that as the ambient temperature increases, the boiling 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 boiling fluid for the same AT.

The graphs show some advantage for operating the system at increased input
ambient temperatures. This requires heating the incoming contaminated liquid, which
costs energy. Of course, if the contaminated liquid comes directly from an industrial
process, it may be at an elevated temperature. At higher temperatures, the system
could employ an additional external set of heat exchangers to recover some of the in-
creased enthalpy carried out with the pure water and waste brine. This approach may
be beneficial for certain applications where very small size capital equipment is required
and energy costs are less important.

Enhancing Boiling Heat Transfer Rates: One method or design enhancement
aimed at 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 provides a.great multitude of nucleate source points on a
material, which is hormally a non-wetting surface. This enhances the formation of
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steam bubbles that immediately rises radially out of the film layer from high surface
pressure induced g-forces. These high g forces provide a higher buoyancy force for the
- micro steam bubbles in the high g field and create increased micro convective currents.
Achieving these higher induced heat transfer coefficients is not possible with stationary
systems in a 1-g environment. Several sources in the literature show that the affect of a
wettable coating alone increases the heat transfer coefficient by up to 300%. See, Kre-
ith, F., Principles of Heat Transfer, Internatlonal Textbook Co., 2d Ed., 1968, pp. 441-
445; and Guyer, pp. 1-79.

Using anodized aluminum with a Teflon coating on the boiler is another possi-
bility. First, aluminum reduces the tangentlal hoop stress in proportion to the ratio of
material densities, and the denstty of aluminum is about 1/3 that of stainless steel. Con-
sequently, the tangential stress decreases from 7600 psi at 850 g's to about 2525 psi
for corrosion resistant aluminum. Aluminum also has very high thermal conductivity
compared to stainless steel. Aluminum has a thermal conductivity of about 120
(BTU/(hr ft °F)) compared to stainless which has a value of about 10 (BTU/(hr ft °F)).
The importance of high thermal conductivity in the wall material becomes greater when
the heat transfer coefficients due to boiling and condensing become less of a Ilmltlng
mechanism.

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 surface is the mechanism for this enhance-
ment. The sweeping of liquid creates turbulence, which aids in forced convection heat
transfer at the vapor fluid interface.

Forced convection through gravity-induced high pressure injection of brine or
contaminated liquid also enhances boiler heat transfer conditions. Fluid moving along
the boiler wall surface removes stagnant regions and, thus, greatly enhances forced
convection heat transfer characteristics. The annular boiler passage area of the system
can be modified to achieve favorable vapor velocity with forced convection enhance-
ment along the axial direction. Longitudinal segment dividers placed between 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 shouid
enhance drop-wise éondensation on the condenser surfaces.
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drop-wise rather than film-wise condensation. Making the surface non-wetting reduces
surface tension forces. Three methods have been used, a) chemically coated surfaces
which act as promoters, b) polymer-coated, non-wetting surfaces like Teflon®, and c)
electro-plated surfaces use coatings of the noble metals to promote non-wettability.
Last, force fields can remove the condensate from the surface effectively thereby leav-
ing a “virgin” spot for enhanced heat transfer of the remaining vapor. '

To enhance the condensate heat transfer coefficients further, vapor flow should
not shear with the condenser surface. Otherwise, it is possible for surface filming to
build up. See, e.g., Singer, R.M. and Preckshot, G.W., The Condensation of Vapor on 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 to insert longitudinal plastic tube separators
inside the condenser chambers. These tubes act to compaftmentalize the vapor flow
into channels and to impart a tangential velocity on the condensate fluid. These com-
partments help impart angular momentum to the condensate so that the g forces im-
mediately remove the condensates from the condenser surface.

In addition, reducing the relative velocity between vapor and condensate mini-
mizes the aerodynamic drag forces acting on the condensate. The interfacial shearing
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ates the condensate drops until they overcome surface tension forces so that the con-
densate is thrown away from the condenser surface. The segment dividers also add
structural rigidity to the overall shell assembly.

Segment dividers could be made of flexible plastic tubing plugged on each end
and filled with a dense gas or light fluid by hypodermic needle through a rubber police-
man fitting. The dividers would not move azimuthally due to pressure expansion be-
tween shells and since radial g forces hold them against the adjacent outer shell.

Boiler Shell Stress and Strain - Overview: High velocity rotation induces shell
stresses from the shells’ own weight and from the weight of the rotating fluid against the
shells. Calculations show that typical stress values are very low (7.5 ksi to 12 ksi) even
up to 1000 g’é. Summary graphs of FIGs. 25 and 26 plot the rotational pressure varia-
tion exerted against the shells from the weight of the fluid for different liquid film thick-
ness. These pressures are used fo compute the total stress against the shell.

- Applicants expect that film thickness values typically.will be below 0.015 inches
(0.38 mm) at high'g rotation rates. Film thickness depends upon rotation rate, fluid in--
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induced tangential stresses in the outer shell (inner shells have lower stresses) due to
high rotational speeds are negligibly small compared with typical maximum acceptable
stress for a 0.015 in. (0.38 mm) thick stainless steel shell. Figure 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 expected), the maximum tangential stresses (which
occur at the shell's inner surface) are still easily within design limitations. The radial
growth of the shell is also very small with a maximum growth of only about 2 mils at the
outer.5 ft diameter. See an example plot in FiG. 26. '

Applicants investigated the required summed area for various numbers of
shells at different spacings for a hypothetical 5 ft. diameter by 6 ft. long (1.5 m x 1.8 m)
system. The calculation determined expected weights of the boiler and condenser
shells for these configurations. These weight charts shown represent half the total
weight of shells in a module system. In an actual boiler/condenser chamber design, an
additional separation shell between each boiler is required. Therefore, the total weight
of all shells would be twice those values presented in the weight charts. Therefore, the
weight charts to follow represent the summed weight for the boiler shells only.

With the expécted enhanced ‘heat transfer values resulting from higher g rota-
tional rates, the overall surface area and weight requirements will decrease considera-

bly from those initially projected. The total number of required shells for the same water
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from the axis of rotation and a middie shell between the inner shell and the outer

shell, the shells forming two spaces, an inner space between the inner shell and
the middle shell, and an outer space between the middle shell and the outer
_shell; each space having two ends;

c) acompressor having a lower pressure side and a higher pressure
side, the lower pressure side communicating with the inner space and decreas-
ing the pressure in the inner space, the higher pressure side communicating with
the outer space;

d) a source of fluid; an injector operably connected to the source of fluid
and to the inner space transmitting the fiuid into the inner space;

e) an outlet from the outer space through which fluid can flow; and

f) a collector in the housing into which fluid from the outlet collects.

2. The boiler and condenser system of claim 1 further comprising a tube
connected to the source of fiuid, a plurality of tubular members communicating with the
tube and receiving ﬂuid 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 1 wherein the compreésor is a
fan, the fan rotating about the axis of rotation of the shells.

4. The boiler and condenser system of claim 3 wherein at least a portion of
the fan is located inside the shells

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 spaced-apart shells to a first reduced pressure,
the shells conducting heat energy, each shell having a common axis of rotation
and having a space between adjacent shells, an inside surface facing toward the

-41-

SUBSTITUTE SHEET (RULE 26)



0! 1098& ()-T 0! 109%8& ()-#39/! T 0! 10%8& ()-T

0! 10%$8& () - sss¥%s&s5s9s{ ?D4108&+$& #T 0! 10%6& ()-T 0! 10%& ()-#39/! T

0! 10%8& W ob/02h0%8& () - T 0! 10%8& () - 9s>SESFsSsV8\ s_?2D410&thikotiT2715

0! 1098& ()-T 0!'10%& ()-T 0! 10%8& ()-#39/! T 0! 1098& () -

0! 1098& ()-\scsdsrs|sss_?D410&+$& #T 0! 10%$&' ()-T 0! 1098& ()-T 0! 1098& ()-T
0! 10%8& ()-#39/! T 0! 1098& ()-SSSSSSS’ @4108&+$& #T 0! 1098& ()-T 0! 1098& ()-T

0/ 18 ) TR ) o HERE Gy s pean oMU R S S T
LLL! 10% ! & ( phalts fom)rng_a)ﬁrst 3_e$|and a second set of shells a shell of each set alternat-

ing with a shell of the other set as the shells extend outward from the axis of ro-

tation;

b) rotating the shells about their axis of rotation;

c) injecting liquid along the shells of the first set of the rotating shells, the
li‘quid forming a film on the inside surface of the first set of rotating shells;

d) further lowering the pressure to a second reduced pressure between
the inside surface of the first set of rotating shells and the outside surface of the
second set of rotating shells; the second reduced pressure being low enough to
cause a portion of the liquid to boil and create a vapor and a portion to remain as
sludge;

e) compressing the vapor and directing the vapor to the space between
the outside surface of the first set of rotating shells and the insidé surface of the
second set of rotating shells, the vapor contacting and condensing to form a
condensate on the outside surface of the first set of rotating shells, the rotation of
the shells causing the condensate to collect on the inside surface of the second
set of rotating shells;

f) collecting the condensate from the inside surface of the second set of
rotating shells; and

g) collecting the sludge from the inside surface of the first set of rotating
shells.

7. The method of claim 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 reduced pressure
an inner housing within the outer chamber having at least a pair of first
and 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,
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- 12. The apparatus of claim 11 further comprising branch tubes communicat-
ing with the inlet tube, the branch tubes having at least a portion adjacent the inlet end
of the shells, and at least one injector communicating with the branch tubes, the injector
injecting contaminated liquid into the inlet end of the shells.

13. The apparatus of claim 8 wherein the inlet ends of the shells are coplanar
,and the outlet ends of the shells are coplanar, the compressor comprising a fan
mounted at the axis of rotation.

14. The apparatus of claim 13 wherein at least a portion of the fan is mounted
adjacent the plane of the outlet ends of the shells.

15. The apparatus of claim 13 further comprising a duct about the axis of ro-
tation and communicating with the fan.

156. The apparatué 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.

16. 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
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17. A process for purifying contaminated liquid comprising:

rotating at least a pair of first and second concentric shells about a com-
mon 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 contami-
nated liquid boiling along a the inside surface of the first shell to create a purified
vapor and a remaining liquid containing contaminants;

applying a pressure to the purified vapor to raise the pressure of the puri-
fied vapor and direct the vapor to the inlet end of the second shell, the purified
vapor condensing as purified liquid along the outer surface of the first shell, cen-
trifugal force projecting the purified liquid against the inner surface of the second
shell; and

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