; e3ec™ _jad@Ho6bTcqy630 May 2002 COUNTERFLOW EVAPORATOR FOR REFRI GERANTS
BACK D OF THE I NVENTION Field of the invention The present invention
relates to heat exchanger evaporators, especially to a co@uiaf2002
evaporat or optim zed for zeot roei c ref ri@gﬁr ants having significant glide
char act eri st i cs. COUNIERFRLOW EVARORATOR FOR REERIGERANTShel | and t ube
type evaporator, where t Ny Q t he tubes and
evaporates, while a flui'g vd is cool ed by the
evapor at im%m&w% The evaporator is a conponent of a refrigeration
system whi ch can be used for cooling large quantities of water. Description
of Rel ated ArtThHReprasgat inveptionyelates taoheatexchangen evapoatetsol | ar ge
quantities.of. water typically_inc er. gr at.or havi ng
P separapenialies zly w5t hiliRka I CeoRRitic SEABRIANEL o "anot her
carries iaRidd sigfificanbglig®eharbctarstia! Yn \paridular\thé ifventibhireritédto hr avel s
t hrough the evagorat or) it absorbs heat fromthe fluidland changes froma

liquid t shell betspe evapoatos whergdhe wefri rfiavey through the tubps ant

bk to G SERIRISE pite 4 AT MyPIEIaFthe RETARR ESRORY AN 17, 70

cool ed pmﬁeréthtwhgémﬁt.evapmratbn issa copgroxient of airdfrigeratioh and is

cool ed by the evaporation of {he refrigerant. %he fluid can then be routed
to a coolWﬁtﬁ@M'@hﬁﬁBP%‘é‘éﬁd@@ﬁ ngﬂ%ggsqqq;lt gs@iM@tef.oned, or it can be
used for i f Ll fétd' pur poses. One nethod of increasing the
efficien evaporators in general) especially those of

shel | and t ubeRéfyigeyation systemsyofithe typerused tmdodHearge quanfitiessofolatdne t ubes

carrying the refrigerant. This approach, however) results.in a prohibitive
cost i ncitvRicall Jdeep %PHQ’B@P&&&YW’@W&EX@W?bs%‘?ar?@cgncy of heat

h ' | Q, i | ' bes, t
For m annessagaRATES Oipaneamibd ey baReS eiidiiant BrdtHotieroamesins 1 2.
appr oach faicctaibe dootest] tsually wateat Astheuefrigecos trevels thrauigh ther; 3, 749, 155
to Buffere: 5,454, 429 t ter.. Thi h heat
transt er SVBPBIRIATAinBDSRIS NeR oM g et SodRts i 2 IGHREEveode  ant
fl ow rat gHamar Afér datihg the evapstaléry thdRFrigonem procdddsstoad BbRPpREsSIr en has

drawbacks. For exanple) gal vanic corrosjon between netal parts made of
di f f er entheRegendensesdhen ai expansgien valveuped hackitadhe exapesaieanger and

require ex ' | nee ' W thin
et ube TpaeatY I TobGRRRETER, TRE s Ih COolodp s BRAUAIERE 1 &
The acousviapofster ¢y adeparatedilid yhaheel anidisacdoled by¢haesapbhation efthend t he
rods in the tubes can _danage the structure of fhe evar(%ofrator,ov r tinme. In
sone applretigarant. The Suideanthen be fawedloq grola-system fgr ggoling t he
tube, th I Cc/ of: ffeiuCy t ! i Mor eover)
appl | cat TEECesi6 HEARIIRE driteABE Ubed BF ol R TeARIGRANG plitidcs,

resul t ant heatOneachethgdrofdntreasing thel efficisacy 0f best exctangarevieabrators s of

hotdi ng dhGensteinpeRpsal: Bitise st Shel etk bR BB, BG vaty Lk MHRs 3565 oo have
pl aced r qRgdimkeh8ibhsWT thE ubePesmpihg'thE refiRjerants THISlapprdadtt HovWasldrn

certain refrigeration applications. "I n view of these restrictions, along
wi t h t he reBahein aprobibittyecast inorease.ng evapor at or desi gns) there continues

| NVENT! O Acodbap iy SPrRRiEEsy B PRRsEine SffeleRhicf feBR bRenaofF i de an
evapor at gh deplerdl Htf be@e Iainstdll sl in Hamlexeddngsstbet i forabamidiar
limtations, and di sadvant ag}es of presently used evaporators of all types,

part i cul &aspagrswithia sdhich adjuid Sewse Lrficatiens ghthis apprRAGhbAreshj ect is to

provi de 14C4 Vg B456 Lgerants,
parti cul ?3?@8%@W%€$bb?e rt?\jgc;erﬁ%@h\kf)\n ttﬁ%@'\r’%{?g%ﬁeri st%et anot her
obj ect i sand5@A5av42@ teNeugautere T hy appradoby incresses heat dransfer throygnsi ve
conmponent nom cal ui | d.  Additji onal es and adyant ages

and i s ec tag b ] . f eat uyr
of the irﬂs)erqqt@rnwm |q?ﬂb%a§equﬁw increasing r @gerarﬁtﬂ%r#ﬁirmrftm , and in

part will be apparent fromthe description, or my b practice
of the invention. The objectives and ot her advant ageﬁ“‘\”@@!@@“ﬂ%ﬂ\em ion will
be realized and obtai ned by the apparatds and conbin articularly
pointed out in the witten description and clains hereof*%4¥€" wel| as the

appended drawi ngs. -2
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30 May 2002 To achieve these and ot her advantages and in accordance with

t he purpose of the invention as enbodi ed and broadly described, the
invention includes a heat exchanger assenbly conprising a 3@@1&3&20@ ongat ed
menber, an el ongated i nner nenber disposed within the el ongated tubul ar
menber, séklovenerntiis approaciy ofterd has irhwbatksh Eos ekampie,djatearsiconed to form

an annul us between the o i ng, surfaces .of the inper and tubul ar nenbers
to faci |i CAMESKEpeINaTMEaIRATRBRds o difterant MetHls Gan CAUSARFRMALIEN a
fluid fl ow; j

ut O%pﬁe%ﬁhé Rgat H?éﬂé}{géfeé;@efequﬂ&ﬁeﬁéwgru?‘;nag-ttéft?%ﬁbg%HHes a

plurality of resilient support nmenpers, attached to
t he i nner repaitser Wherethedroaiscare udes! Within theduibelpassages, thendrergpiod the

t rudi t he t ubul d t ot [ nb
Concent 1 BaV GATE ARt Y LY BratRe e SCRvRCLETRIGY e EIRRELO P g or ab y
are tuftsy tg%%tioartﬁtﬁre%w tﬁletﬂHvP anbiftAé 1848 iﬁﬁf@t@es@dﬁf@ﬁﬁﬁg@ﬁh@” stles

fabricatezplntegra y wth the inner er. Preferab a“plurality of the
heat exchafrgeture wftheevanbratesovertimel dnwonie application, this appreactpor at or

ith h bl v i th d i di tqQ, th t of
heat bei ngaBseha el Prefr? P atoselis Blukt Shérebiiraniiting e Sadater °
transfer Refle RFHYERINIoR GRIS." MUrBoVer, dppfitaibnOfthi@ashrodch j egi Wg%\‘ié’o' ed

chiller application. In t'hat enbodinent, the refrigerant iIs t hr ough
t he evapofrtreasedthe costglof thasesultandheatiexebanger substantiallye bacauwse of f | owed

| nner nenti RS Geits of 7 Fod 8h 188 Hietenal 4 PG e Bbodtiatel it cpect
the i pveniﬂmnn@:‘a@d Weldirdetherdderithinthbaober for transferring. heat b_et ween
a fluid flow n%over an outer surface of a tubular nenber and a refrigerant

f1 owi ng t hr ougiReaeatlyuseartain regwstery badigsihave riaced reatrictienfmen theg an

el ongat ed,,i.hpe A i L f DL : r, said
el ongat edqﬂrgngeérf %%gg% g%q%egﬁb% Is‘g%a&"?]ggﬁ?ir'r‘eo'%%gﬂwgwf’ géant]@??:w nul us
bet ween opjpws ofitheser festrictiont, alung witk thaabolve linlitations dreexisting f aci l i tat e

heat transfer between a f]uid flﬁwingﬁin.the ann*us and a fluid fl ow ng

over the evBperatondasigns. thete copfinve Q?Xﬁar'@ﬁ 0F @ IMRIRYed nenber s
attached } r ﬂ?g? hts. Spaced along the length of the inner nmember,
and pr otr& ?hgf'attgf‘fgﬁégg tﬁetsél ongat ed tubul ar nenber and support the inner
menber within the tubul ar a2y et VENIIOMNO May 2002 resilient

support nenbers, are., es entiI.I i the r f ufts, made.of a plurality of
br}ogtles. In a%ﬁcﬁé‘?mg p@&&’?ﬁt&@h@ rglsgb{nWS{)f'(g%&F %?npfél)’ ?'&tgr for Y
transf er rigRgpbRAbr foraMetrifétatidnt ycle Bsttadirbsséscine Eoblsths NaMitdtibr, | de

characteristics, said evaporator conprising an el ong{at ed chanber havi ng
headers agndsisadvantages f presentlyrisad avaperaters pi@llitypespartieulady chanber

for receiy i j d of the chanber, flowing the fluid in
a first aﬁ‘:“%% %F&%H ?k%@%ﬁ%ﬁéﬂéfﬁgﬁ%hamer, and discharging the fluid in a
cool ed state tXrpthbr ebjeetid it pradjidecantevaperatpptitdt iefficiestydperate® withhe

chanber; a refri&,erant inlet communi cat] ng wth the heﬁ&er at the second

end of t hBCWRLFE weaaatsapaetqu?w Zaetropici refriacsanie it 0lidg charactenaticteader
at the opposit i n i bul ar
menber s Bgsi ti g{néetf nvﬁt?ﬁﬁﬁbféglt %I %ﬁgﬁ% "é'ﬂgﬁ)‘*e%‘?#%érﬁbrrgf?éﬁbﬁg%% r ibger ant
from t he lnaxpensive coimpsaentsiard is econdmiashtorbuild. f1 owi ng the refrigerant

St ate t b ough AiReARdBateS A Vet dad 8 S BRfioT Wl Pe st s
evapor at otng HeBcABH WHdPRIBWAD GHEliAparPiviNes bppafeit Horieiger s di sposed

ré
within at |east some of said tubular nenbers, sald inner and tubular
nmenbers bélesgriptionm o mayde learvedrbyprackics obthednveetiorspbeiabjeativesaces of

t he i nner _and .t ubul.ar e dacilit g t he

ot ri gor aARaihéf HePantRaRS b8 asttiar Rhoe FeorbrlEl Boel A Bt noer <
spaced al epparites!fHDESmbinatiRHe partienlafyguintedrslitin ®hé Wiitles desceiptisge t he
respective el ongated tubul ar menber and support the inner menber w thin the
t ubul ar mamgdeslaimsm beeeaf, apwelkas theappended drawi@ser s are essentially in
the formof tufts made of a plurality of bristles. In another aspect, the
i nvention includes a nmethod for exchangi ng heat between a fluid and a
refrigerant in a tube and shell heat exghanger, conprising the steps of
flow ng the refrigerant through an annul ar passage forned between the
opposi ng surfaces of an el ongated tubul ar nmenber and an el ongated i nner
menber di sposed within the tubular nmenber, said tubular nenber being

di sposed within the shell of the heat exchanger; flowing the fluid around
the outer surface of the tubular nmenber; and supporting the inner nenber
within -3a

Ay = . h



30 May 2002 the tubular nenber with a plurality of resilient supports which
are spaced along the length of the inner nenber and protruding fromthe

i nner nmenber and engagi ng the tubul ar nenber, wherein the resilient
supports are essentially in the formof tufts nade of a pIu%ﬁlit%2§6?
bristles. The nethod al so conprises the step of flow ng the Nﬁ t he

el ongat ed chanber around the outer surface of the tubular nenber, to

ef fectuat e a healo achievegtheset and tathercadvantages .angr it acedridance with the

fri i pt e . . e h d .
Char act er 1 SyTe8e i dheeRyPalLAe SROTRY FI IR BG4 BEbotie EVANFRR: i ons
through t henpaaés eXREaNGRhangar AssEHIbIY Lomprising 8l tiBLRr RESHgatéd) nferhbert her
aspect of this invention, there is provided a method for cooling a fluid by

evapor at i ngarmeloagategdnagn member disposed withinuthe elgngated furan wembesraaid si ng

o <posed adyanenBiifer A coblich isheE ugfhd R Aond g i By s,
the fluid thstaegh thbeoppoeing surfateki dfstheainhet afd taistlap menlversdosfabititage ng t he
fluid through a fluid outlet disposed adjacent to a second end of the shell

opposi te t adransiarbebieen adhid Rewinggnithe anetiusqichaduchlong ever the
posi te t SRadars . _ |
frow ng ¢ ndupDeF imerblr The schiff Hed inditfer” 3T BETaIY 4 Toefigf, Sgpon
dir egt: on tmﬁbmb@ts,an tlhe&gm pﬁtﬁn_fbnagbcmfﬁthedgbert membempsp?g)edgalgpg ftlave:ez of
t ul ar ne r sposed wthin the and an 1 nhner er | Spose
W thin e 108 o hRBRES: Member Andoparbing Prendader RgdnaHer SamBs A econd
neader at Lipdeltifi 1A bhERoSRRHicERy I PEUbIE Higler PAZLppar ouh

a refrigerant "'outlet; and supporting I nner nenber wt urality of
resilient smppiersprgfakably alectufist most prejerablyf tufts dhatrarermaderboé clusteds of

protrudi ng from the.inner nenber.and engagi nq the tubul ar nenber, wherein
the resili elms?lgﬁE%mqa?q]cg%eeqrgﬁyawgﬁg&@ﬁg[ gﬁ"ﬁ”‘?’n the formof tufts made of
a plurality of bpieféraBly, sExRPdiityAtiaé iHaat Raehande? tabevasseribiiey &8 Meid usi ng

this invention with evaporators enpl oying a single constituent ref_ri(?er ant,
such as R- 2githinta shelkef aeevanpsator.ouith eagh a§§¢mbgmawraﬁ adength deteraring
description : fall ow i . de Liaqn e | ar

excpl anat or yR s hd gy e' S8k BhB5! SHirkCaEcngel TheCeRR S, e
to provide prefarablpds used¢o shasfkr hgatbetiveen axestropio refrigerant and wategrimt ed i n
and constitute a part of the specification, i|lustrate several epbodi nents
of the i nvehtalloROOIEH Chillsgcanrlicatipn. nin; hat gmbodiment theerefigarantispflawed t he
principles i i : Ps biEn d is a
side view Stﬁg%}%tﬂgn\égﬁ%%ﬁfbrge'ﬁ?é c%f n@%ﬁe@ast ;Hegéjﬁgrg?er e’l\?%#gtﬁgbrﬁém@&éé

accor di ng tflowetk througintthe evapo@torini 8 single qasssiocthecopposite elirectiacefhal ong

line I'l1--11) of the enbadi nent of the heat, exchanger h evaporator shown in
FG 1 A dhng melbet RREratiy i shnpd pecth S BRBASIIRIE  Lbur ar menber's. of
the evaporator o bhe aspeftovhedirienBbANERbEFhdlidE dT8EAe! exdHahger Sfol | ent
supports di sposed within the elongated tubular nenber. FIG 4 is a side

vi ew of onetrangfedingeheatobetwaenepdhid flowing mver dsnputergurfaceeaf aitehvlaguppor t

menbers. Fl .S Nde Vi o t ala .. Fl 4,
FG o s dneriber el d admbefte iobhg Hrolgh e (PG Ry, daid hest,
shown i n Fléxchéingét Gomipfising dhaelongatéd Ushertmemben dispopéd withinhéhe
tenperature of water and refrigerant as they flow through an evaporator
made accor d?'ﬁ@gft’t@dtWPUE’VéB%WPefvrﬁ/%ﬂtqlfb?ﬂat%m%r@%@ﬁ@igbmempﬁéf@%ce
wi Il now beypRgRid i r f qsoTotel t; e
i nventi on, c(’alxarrplldedsédg@t%%c%&gbﬂswgsﬁﬁgggQ{pﬁotgwge%(j:corrpg?fﬁ%dﬁng ahd
speci fi cat i tmbulandinernbers uet famdilitatei heah ¢ransternpetweeng adflaidi figwing- #h the

annulus and a fluid flowing over the tubular member; and a plurality of resilient

Y 3 §
g

support members attached to the inner member, spaced along the length of
the inner member, and protruding to engage the elongated tubular member

and support the inner member within the tubular member, wherein the

-3-



30 May 2002 While the present invention has broader application rgarding a
heat exchanger assenbly for transferring heat between fluids flowng in and
fluids flowi ng over a tubular nenber) the invention was devel oped and has
particul ar application as an evaporator assenbly in an HVAC QMaYC%Z(ﬁ;d
chiller system preferably one that uses zeotropic refri gerg . ropic
refrigerants are conposed of nultiple constituents, each constituent having
a di f f er entreplient syppeit nnemiass carge gssespiadly riaf thegderamtof tuftsi madey ohadve a
signi ficant it: teristic) neaning that a | arge tenperature

di fference pégédélﬁgo@@fivt\%gh their | owest and hi ghest boiling points. One

exanpl e of thesdnrafothereaspdcs, therdristQl€6.provided day evaparhforfoetrahsfernsgy
zeotropic refrigerants, the inventors have found that the evaporator heat

exchanger RAlITEPBA Auld iR aczratian¢ reffiggrant)hawng giide aharagtguistins, Sald wat er

is in the i J k S [ t { onal
mal 1 pl o paneraraisr SoRTAf 8 olohGaled bl el haabers: ot S3pK

t ubi ng t hatarsia tfluitknlétaadjacend o finst end dd the chaatber dolveeceirg tife fllid at a
significant_,glid aracteristjcs of, zeotropic refrigerants. The

count er { | oEoRd Ghiat CoATOsH faving o did Bha TribafieEkectofitmipaan the
aver age tergnabel arfll fdiseHingiRgP &ieVaRiM Mgt &1 8661881t siaie! tﬁfd{!g{ﬁ 4w @Bt t he
| ength of the heat exchanger, Fesulting In the greatest heat transfer,

ot her vari sdjaceridhegpposite aecaond end httherelfambesd enbodi ment, the fluids

flow in opposite, did. ion nd each ke single s through th
cvaporator. Ao mﬁ@‘ﬁfﬁ%ﬁ a@ibf??mm%&%i“@vwbbme hRdu %f@.ef %‘?ﬁ?agfa‘ﬂ“%“ff o ent
way L0 use th Iber andv 22 Fefag eI Hutiéet ic&ing withl theOReaders at e
still keepi ng t he evapor at or tgo commerci al ly alc_cepgt:al;! elimts i ?1 | engt h
and ove: al IZ%%?itgﬁl.rSt@iswdm ghamiess. 1-2, the invention conpri sesf an t
evapor at or eLd i r 0, A ORIl geran
R A Ao by i AN i A e

ui ds may elbsga e rexeivinge yefage omrtheeheader, a ge can
be used in the evaporator. The evaporator includes an el ongated chanber 36
havi ng Pﬁacﬁﬂdsogg",e §@arape@af_l9wiamgi Fefrigarant;thraug 4@ei@b§l?r§§ﬁngdzf,o?@ first
end o e §ba [ ina
first axi aICﬂdl re {ngotﬁétiﬁﬁggééﬁh?ﬂe c%g%e%%ﬂﬁ ugj\ﬁtetﬁéé\?gporégt o&ril aﬁ% ?E\B
di schar ged the first ersb Mderebwnthe evapnrgtor isa couhterfle exdpatstor, an opposite

d end of the -5 30 My 2002 chanber. .Th tor 45 also includ
A Tefri gerant 1 MEOBEIIBRRIPTRTR GRRLORCHIIE AT KERTSBHR o shid pSing” o
chamber, anflembesd, s4i6" mRkr Aitd ibubdr ﬁ@mcwihﬁgdwgdsidm@d&; fSfn adn t he

opposite end of the chanber. The evaporator further includes a plurality of
el ongat ed tamMiyy bedween soprpsitg isurigses ofi the innereasd owlatasdmenabareto f or

recei ving rgf#iges [ : . t he chanber,

flow ng t hefsglgta?:éagrg gﬁ%ﬁ% ggg’ﬂ%.nu@'%l %&”%%%@@@PQ& ﬁgﬁdgﬁ cﬁ scharging the
refrigerant in aafphatatity of aésiliemtr sugorh enctabeRS spacedutlord thd,leagtht be first
end of the elogngated chanber, In this arrangepent, the evaporator is a true
counterfl ov?%cg‘dgﬁﬁramm g AndRioding-tognga tg§§§sEﬁCtW§fer|? teddulMiar £ 1 ui d

to be chill ' r ' 1 ' detail bel ow)
and as Shomrﬁg{nrt?te)é{ég.aaégp}ﬁgﬁqggmnu e é‘ﬁnhhg?ﬁﬂeﬁﬁ@grth%ﬁgﬁé erﬁgélgat ed shape is
di sposed wi t hi n wherein theilresiliemtindepparb membenshard pasentiadiybier thentbrorh ef

tubul ar ne ﬁr fo(im@n fnn@l}’\ﬁ 29|through which refrigerant flows, to
facilitate HESMIGEHRST VD OFSeR refri gerant and the other fluid.
Evaporator 45 hap aristhé! aspert afle GRveMiBh iRBluEes aNREtHdd R exBhagind Meat 35: I n
this enbodi nent the shell is of cylindrical shape, but the shell can be in

a nunber ofbaiweeaadiid and gerefrigaramidom b andi shelltheakexehanger.ampisingrat er

chamber 50T EiEh e TRuitd SElbrhoGalfiiudiaf ptder bRBeohbd et
r ef ri ger antthesoppobingciitfadestof amaslengated tondsemeniberiimdsat efshgatstl pheehamber
36, distributed through a liquid pass baffle 46 to the el ongated tubul ar

menbers 30, M@RbeE difrosesk withi dhe tubslas memberosaiskitukular meembsh bairgn t he
fl ow of they; . ot %rg . ef ry t heat
fromthe WSCEI%%Hdwgelgp{gr%a%ﬁybﬂhﬁ%%co ehgﬁ%\'g@éb%rge%g@poasrl e ltﬂtlgéheader
39) the tubsuter suradee of tHO tulndarcaember;eand supparting ithe imersmeatbielr avithin wher e
they communicate with a header 38, having an outlet for the refrigerant. At
this outlet) the refrigerant exits the maporator predomnantly in a vapor
state. The bundl e of heat exchanger tubes in the evaporator are held in
position by a plurality of baffles spaced axially al ong the evaporator.
These baffl es have hol es through which the tubular nmenbers fit. The end
baffles at -6 30 May 2002 the ends of the evaporator have the sane cross

. o " o o o o, - . 1 - " o T




7 30 May 2002 of the evaporator. Annuli having a height (radial distance
bet ween the outer surface of the inner nenber 10 and the inner surtace of

t he tubul ar nmenber 30) within the range of 118 to 114 inches have been
shown to provide acceptable heat transfer for a tubul ar ne f B 8

inner dianeter) although the invention is not limted to a 39 ? W t hin
this range. The inner nenber 10 is nade of a material that is conpatlble

wi th the r#etupglaimembenwilly at pluealityhof: neelhantmunnortanmchare gpacechalong

nner oo lE Kol e Bhe ehber A o PrddiRd TR R oneF Berfbe BB )

particul ar biigagiag thetuB@at repiser! %éré]ﬁftﬁélfrésrﬁéfﬁ suppofts - %93 ess¥fidlg ihhe
i nner rods can be made of a vari et ?/tUOf materials and still achi eve nmany of

the feat ur the form eftufis saade of awnuralityrof biistles) Bymmethad alsecdonmrrisesdhe

characteri C i iBalt Y, Q rgbly

f oamed pol %%aétphgg/fl Jtladn\g' B %#Lethgr%\béﬁétga %‘%ﬂgozf'lrrt% f@%%r%@@ 03 for

t he i nvent tin.tubdlarmadenbey, es | effsctutite aaehpal yoxehamge okith whec refligarantccl uded
pockets of as Foaned rods have greater strength and, concentricity than

solid pol yREsferats thengef ager@nha%ea weotrepic, reffigerapt diaying, signifigapt @idens can
~be bett I
ooty SHAIAISEE T A AREIN 1O R bR Recbp keh Vel ¥
speci fical the héatrmrcharmgﬂreeachmﬂkrngforﬂparsnftgleppassat hyl ene or of foarred

pol ypropyl ene h ood, respylts these material s resj

chem cal attack gffl Pect ot H'Sl WVﬁBﬁ & 48 fireuidegy & dpethode aI s,

i ncludi ng gBbfMSPa flﬁﬁﬁb)bévaﬁ&@trﬁg al el erast rh@“&ﬁem@ﬁ@ﬁfb% Htev%hbreh e
certain disadvant ages such as excessive cost of formati o or ihnstall'ation,
corrosion, cpmprrretngdhe@‘tepﬁsohanr cal failures, excessive pressure drop, or

difficult f terj th t ub h Figs. 1 and
ST oulty, of CRBLRR Ma Ml i e dARRRRTSIRRER Ry TNE, Hhebetl; 120
to chill watpicenBib BHERSSed of HRNBhE @ﬂtl’te evdliorator "Béwing thedivid Bssugpve been
i ncluded in an evaporator nmade accor to the present invention, Each

t ubul ar rreH’tﬁarShﬁth"a? firgd axal rirrﬂ@trormaanﬁgtdtﬁcha@grageta@hflulﬂrtarougér@eﬂwﬁad a
318 t

my be modPPIECASeOEL SliacdtfpS sdeend iy Yither el bR B R 'O

the pr esentandnventi on provr des an increased efficiency of the refrigeration
systemdue to i creaSﬁ heat exchangSF‘ eff ci ency between the refrigerant

and water. The HRWG efgerapf thies é?r"? Sﬁfﬂf’tt 'n'@&rnter%flé‘ﬂrh%&d@r& t he
tubul ar meperseicgnd cF%?Et é@l“L{?\Aﬂﬂ%'tHe'r‘e‘ﬁr SR uf‘%“s Ebﬁﬂ‘%u"erctrbﬁte

across the wall of the tub ar nme 0. The heat trans er rate can be
further inoppesitalto the Hiestt dmemt@n tneodighr ahdsast dnmaeduiusrfermedrbeiweeel in

contact with the ref er so that the effe ern surface area of
Che. tubul aPPRRRBarstsfoRE of AdhedBe EMen Fisaes Wi bR el &5
surfaces ahferapen@icpbsed WithirptHeatbelar Mefrber Pard Gfsfcﬁdrgiﬁ@Qﬁe W&ffigerdrite | nner
menber is held centrally within the tubular menber by the resilient support
nmenbers 120ut af aisecensheadenat theifiisteng etthershelopposite tgthe firss headerl.i ent
support ne ner menber and are attached to the inner
rrelrorger at gﬂ%éh%% %ﬁpérl]f)tposrttde end the support nenbers 12 engage the

i nner surface osupp@tihgbtheannman‘nmmlsér avith tahglwrlitymef resilient lstipportsr

menber 10 in a sta || ntral position along . the center Iine of the
t ubul ar nefBaFe @ H‘ﬁt%ﬁﬂ%’f H?lth% nnger mﬁ"@eﬁraéldepf%éﬂidéﬂﬁa QMthf innes

resilient sﬁg}ﬁ e f i

preferably m gérf)faﬁgrg@?i%l Fabtd;bgf egébéartj \gc Pégil ﬁ@etr%gﬂl}éhgg?bﬁenber 10.

These tuft membertsearemiaeentialw indhé éoryn of tuftstreade o a\mmnahtyaafdartsd:lepatr ble with

the refrigerant being used within the tubul ar ne whi ch.are

sufficiently resi € | d the
Ppiiien o didscail SHowhJaPraieriats derc s Eanya ith

rod in posigyhgsratd®y erﬁm@ﬁn@aefnggéeaﬁétﬁueﬁmefr@eférﬁ SR feriade of

pol ypropyl ene bristles. 'Such t or simlar resilient nenbers, can be
fixed to the infds to ba undesstoed thatybotﬁ theofievegaing ganerat daseriplion . andrthehe

For mi ng a ROICRMRBRtaied B8aorblh Al SRRty ik BRo @il anh? onent 1y

affixing the tufts within the holes. In this enbodinent, a cluster of
bristles is doubled on itself and inserted in the hole 20. The doubl ed up
cluster of bristles is then secured te3bhe inner nenber by a staple 21 nade
of steel, or other suitable material. The bristles extending fromthe
surface of g 30 May 2002 the inner nmenber are then trinmed to the
proper |ength, such that the inner nmenber and resilient tufts can easily be
|nserted |nto t he tubular nenber and the tufts mnll then press f|t agarnst

4 a1 Y A o o o Y ~1 o~



Utimately, the support nenbers of the present invention can be made of a
variety of materials and techni ques, as long as the resultant support
menbers hold the outer and inner nenbers in proper position, in a nanner
that is both econom cal and technically acceptable. One adv rM %3 aé

form ng the resilient support nmenbers 12 from bristles madel May 20 ts, is
that the support nenbers wll bend but then return by thenselves to thelr
ori gi nal shape, Thesaccompanyingasiyawinger taren indluddde © oprgsided a nfusthemrenber
10 into the | ongat ed ul ar_menber 30.t hrou ane en _end of the_tubular
renber - pURSPrERBAEL iR S AlRe ncO T e B RE GO STR & PR ar
member 30, thbhﬂ)écﬁﬁ:'ahbﬁn'!luﬁlﬂﬂt@@eﬂléral%n%&rﬂénfsh@f fhbolﬁgéﬁtﬁﬁh ighaefogBBiERer 10
and maintain it in its proper position within the el ongated tubuI ar nenber
30 to for thh&edemrmongememtaxplm ﬁwewnnqmles Qfﬁhédn‘éﬁﬂil@m ment, the
resilient support nenbers &80 , he inner nenber,

and are al so spaced around—tfe—TF e—ar enbodi ed here| n
and refen-ing tp|Gi guses sfHeaOIé\Aﬁkhé\mhgrQﬁléml%dlm%hpwrén reabekshangenr €

| ocat ed around the periphery of inner nenber 10 and are separated by

equi di st anévapejatosmasieaceerding tq thednvelion. set s of three support nenbers are
pl aced around t U d Sehgr at ed
by 120 of arc. P icﬂt{sﬁalo%?sg?ﬁ%ﬁgsll\jg@\ﬁ}%%ﬁg@?ﬂ%él wm% mé§%‘ Spaced
axially al ohgetHeat exchemgee sbaporafor showhan &bGy1.by equal aX| aI di stances. In

f I t h f h I
2t Speci fhc SI‘B?Q‘%EEM%%SI%@&%IZI%@% Sk the hhUIRT@eMIRGS AfdhBer 10
is supportg@wﬂ,l I i ong |ts
entire | ength. Wgﬁrﬁl%aic set ?Jéléggétw "Erheértbh@?@%ﬂh@hlrn IVI cfug?()ﬁ%
May 2002 tdispesed witkiquhel ekingateciubulad memberi r cunf erence of the inner menber
Support menber ST A ¢ 84 ig e she sBbelife el s ang RN EReEng « he
llength of WK rédimsht'sapgSnt nimiséyewn in Figure 4. The preferred configuration
of the support nenbers mnimzes the ambunt of pressure drop that is

i ncurred by theFICéffrng?é'r%ndVlﬁWcﬂﬁthQGMIatﬁjhnﬂﬁleQOhﬂr% Fi6®. 4.pr essure dr ops
frowng i n the oo 3 % BRbaMetidrial AR SFBAAPVE ditbe iier ebiody o™

refri ger at slsowrs fsFE KN4, For the specific, exenplary tube and rod di mensi ons
di scussed above,_ these pressure | osses correspond to a gap fre

uency
bet ween t he setEI®f7 i%3idiagim dyshating ﬁﬁrﬁ?‘@@'%@fé%tﬁmpﬁﬁwrﬁc%e‘é’a&ﬁd t hree
i nches, re r \/ bet ween
successi veéﬁﬁ%ﬁgg}%&ts% tﬁe R@E‘}pg%r?ta gh h%%%b\ggétﬁﬁﬁn ac%g?)%@md;?&g@eshom
by di st ancpresEht inmemtianur e 4 The spacing of the individual tufts within

each set of support nenbers can mm reduce the pressure
drop, while still centering the er 10. =For exanple, an
axi al spacing ORefé?@ﬁéé“\Wﬁtt flow b Al fik osetanetd Uine tpﬁ’eéélﬂ peMferrb@s been

found acceptable, and is indicated by distance B" in Figure 4. The spiral
confi gur at emhogimente gﬁﬂbertnyentzomsezqamnlersh@f pwBichr pegl &m@adem theso

Tt 11 carhaaropis e eBf il IRSYARK n s BokarRBamifg BIRWRbET. ¢ o

the refrigerant changes phase froma liquid to a gas through the tubular
menber, due to the heat absorbed fromthe fluid. The evaporator of the
present invention is preferably used with a zeotropic refrigerant having
significant glide characteristics. One such refrigerant is R-407C, which is
a ternary blend of HOC 32/ HFC- 125/ and HFCl34a, and is a non-ozone depleting
refrigerant. This blend has several boiling and condensation tenperatures,
at a given pressure. The range over which the boilingl condensation
tenperature varies is referred to as tenperature glide. A nunber of other
zeotropic refrigerants can also be used in the application of the
invention. -11 30 May 2002 As is evident fromthe above description, the
present invention includes a nethod for effectuating an exchange of heat
between a fluid and a refrigerant in a tube and shell heat exchanger with
an el ongated chanber. The steps include flow ng the refrigerant through an
annul ar passage forned between the opposing surtaces of an el ongated
tubul ar nenbar and an el ongated i nner nmenber disposed within the tubular
menber, the tubul ar nmenber being in turdr di sposed within the el ongated
chanber. A further step is flowng the fluid around the outer surface of
the tubular nmenber. In this nethod, the inner nmenber is supported within

t he tubul ar nmenber by a plurality of resilient supports spaced along the
Iength of the i nner nmenber, protruding fromthe inner nmenber) and engagi ng

Y




30 May 2002 The net hod of cooling water using a refrigerant flowng in a

direction opposite to the water, wherein elongated i nner nenbers supported
by tufts are disposed within the el ongated tubular nmenber3g Mdy 2egeci al |y
advant ageous where a zeotropic refrigerant having glide characteristics is

enpl oyed as t | i (P P | O f | oproved
system effici 3@9}}@? Iﬁér Bg?lgeﬁ;té'lf]%@rﬁaqqsoﬁﬂoaqg? éBgﬁ%ﬁ!ﬂ%%r&hﬂ? FSSPt he use
of a shoekehangepasssmbly for transfering heht betaderf fiigs flowing Thand fiskis s so
constructed are easy to install and_do not pronote galvanic corrosion. The

i nvent i offowing OHﬁb@ﬁH@é'aé meynhee the dyentiapayas developed ans hagool ed chil I er
Ty AN B A5 I VAE S

such as evaporator a ufficl en
evapor at sysfeen, greferabhaone thatrseszeotapicfdgerants|uZdotropicarefnigaraaty er i ng

into the Inlet of the e rator, to a s of approxi nmately, 95% qual it

Upon exi ETHGOMIRASES PIIPH PIe CoRstiHENts e cpnsBUeHt haying adifesents; de

di amet er i ' | ; j di er. i nch,

fenot he SPMg FOIRF. Thebd geotBpicTeRiranisybicing ndva HFoiBhiRanPultie 1S | |

bel i evedchhedcterisiimymeaningdhat atamgedemperataredifievence eRristebgtweemnf twel ve

feet or nore wll rovi de rked benefits over pri systepns. Fig. 7 shows

a di agra?ﬁ%f 'QW%Stt%ng'ﬂgf’ﬁ{rso'Hf‘g\M'gﬁ' ﬁﬁ‘arﬂﬁwﬂi‘ﬁéirﬁ&g&ﬁ?m&gst hey flow

i n opposi.gofCy RldraBs td aﬁ@mﬁ%ﬁ@&%ﬁ ?éfrigefaﬂté%bqﬁvaﬁ@ Apg to the
The eferréd e

present invention. pr odi ment of the inner nenbers is lowin
cost becfmsnd that therevaporatbe heahexchanger shopld herartrue coustesfiow uait, be fitted

i th hol.d it h nb i . b ' d
U assonitereibeicu o e Wk IS 1iE BRGSIe B ar thd W8 eyt ene”
rod w t hréfiiglerantd RO6HVerttiohdl paftiplepaistevdpordtons wHdre dtiedfiHe tWo and

materials costs for this enbodinent are lowrelative to nmetal rods, and the

assenbl y floids: passesibroughtihing that switchesthackranc:fast, doi rotdakeenel y easy and

noi se- 1 r 80valiiias BCuCginfRan SR EREH0RIES of 130 HRE fEftidehads, OO 1Y
pol yet hy Taecontte ol tohfiguraltion, ohthe dtiier hamd; dedintains thesgleatédte outer tube
fromthe standpoi nt of gaﬁ\ﬁanl C corrosion,_or tube I%ak &‘? caused by

et al - t oRMEEACS fArBPeEAtYre differense Betweanefrigesant and fiy oRSa R & pr ovi des
hi gh - . |
g la%rﬁﬂ dfae A relglgﬁéngétc rﬂé’é\ﬂﬁnq EH #l‘lgsaql‘@hf&t h%‘ﬁt %ngfé?'géﬁﬁt%ﬁ pressure

dr ops. tube nate nd suppo ures that provi e sane or
sim | ar kariables beingroomstante dnfthe prefetredrembedivemtcthef fidite flomiant i on,

defined by the claims. It ywill, b to t illed in.th t that
Vari ous ADROATEdiRGHENsyand BREL TR 2 st bhst IPrioR fhe VRRERIPE and the.
met hodol a@yesiiaintRl wiofe ﬂ%/ bERN thP hvehtdie YouritPBAdffidient wayté bgesPi rit or

scope of the invention. us, it is intended that the present invention
cover t heouptgrfiow-arrangemeant withizeotiepic efrigerasts, while: stiirkeaning thel t hey cone

W thin t nps ' ' | -14 30 May
2002 CLARVPORAAR R chi En@RBASTLepAE T In lolfith it SSieldeiiarn o1' o ngat ea
nmenber; an el oRgahewniinFigs."B2htie ihventiore domiprises anfevaporattrdsforubul ar 5
menber, said_elongated i nner and tubul ar nmenbers being di nensioned to form

an annul tEanséerragheatieamayfiuidite szeotepie refriparant having alidg ar menbers to
faci it al g Reabribfid!STRE M 15 érably vitdr! B dtHef fluldiimay aid'Se 2nd

used. For example, alcohol, brine, oil, and glycol can be used in the

evaporator. The evaporator includes an elongated chamber 36 having
headers 38, 39 at each end. A fluid inlet 40 is adjacent to a first end of the
chamber for receiving fluid, such as water. The fluid flows in a first axial
direction through the chamber 36 of the evaporator and is discharged in a
cooled state through an outlet 41 adjacent an opposite second end of the
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a fluid flowm ng over the tubular nmenber; and a plurality of resilient
support nenbers, in the formof tufts, attached to 10 the inner nenber,
spaced along the I ength of the inner nenber, and protruding m%goggge t he
el ongat ed tubul ar nmenber and support the inner nmenber within the tubul ar

rember. 2ehdiBonSTho RXeRORAE! 48 HHRTRIOYs #téfigbfent et Son Lhe support 15

menbers i nclude a plura of bristles. eat exchanger assenbly of

claim 1, odmmunicating withdeadenBerationesend df thedchambar, @ndcalrefrigerarts

section. 20,4._,.The heat. exchanger .y, of claim1 rein the inner
renber | sOMilS LESmanyipa B HealBR 3 4ring opPeld sbn AR ABAMRT. ol a1 m 5,
wher ei n t {iRe idvapbratBr fftthdratclad6® BlanlitytoPeBhgated @BUlarhombRgs Bo 25 6.

The heat exchanger ass claim2, 'wherein the bristles are nade of .

enbl y of
pol ypr opypesitionad within ﬂwe%ge%@mmbes&xﬁwegeiumgmeénigﬁrant ftooy beadehe

hoat 1 and0 & Uig srbdn@ et ing EBamih: ik 8 telrQBFan R tiyan 005 5
The heat W%O.W@éﬁar@fngﬂh%i r@fri%emhﬁfneé RebftR §tdbe! rbulRHeldehas a

finned inner surface to increase heat transfer with the fluid flowng in

the annul 38 ang autle e at thectinshepd of the elongated chambericdn thist ween a fluid

through ¢ RueoBRmRth theRapoiells Sl e HieBl Sladtitict et A4aRE R, o od

i nner nengiagledpaswetrefigérant ahtidluid toigechillet typically water. As will be
described in more detail below, and as shown in Fig. 3, an extruded inner
member 10 of elongated shape is disposed within each tubular member so
that the inner member and the tubular member form an annulus 29 through
which refrigerant flows, to facilitate heat transfer between the refrigerant and
the other fluid.

Evaporator 45 has an elongated chamber 36 defined by an outer shell
35: In this embodiment the shell is of cylindrical shape, but the shell can be
in a number of different shapes, without departing from the invention. Water
enters the chamber 36 through the water inlet 40, travels through the
chamber 36, and then
exits at the outlet 41 in a cooled state. Liquid refrigerant is introduced at
header 39 located at the second end of chamber 36, distributed through a
liquid pass baffle 46 to the elongated tubular members 30, where the
refrigerant flows in an opposite direction from the flow of the water. In the
tubular members 30, the refrigerant absorbs heat from the water and
evaporates. At the end of the chamber opposite to header 39, the tubular
members 30 are connected to a suction pass baffle 37 where they
communicate with a header 38, having an outlet for the refrigerant. At this
outlet, the refrigerant exits the evaporator predominantly in a vapor state.
The bundle of heat exchanger tubes in the evaporator are held in

position by a plurality of baffles spaced axially along the evaporator. These
baffles have holes through which the tubular members fit. The end baffles at
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menber, said elongated inner and tubul ar nmenbers being di nensioned to 10
form an annul us between opposi ng surfaces of the inner and tubul ar nenbers
to facilitate heat transfer between a fluid flow ng in thgoawawkoe2and a
fluid fl ow ng over the tubular nenber; and a plurality of resilient support

renber . aits was ot e A7andtER HE R sEREE R R AT e SHaphrBlonng

support t Rd wittethesutee sheil ubfnewi@rémgwaaﬂ h@aabeé wa%mdinhbebdfﬁéé' i ent
support nenbers are essentially in the formof tufts nade of a plurality of

bristles. Wﬂbmth«aeclrﬁe'abered@mhg&endfa@rpasmeaenmi&ambehandmier nenber and

The heat - BienRtTER ediotofitile ey st otthe eVapbri®f. (et Shel or i
nenber ar gatdrefiove i the evaperatdrie awvave Hike o, twincreads heat 8ahsfedd 12. The
heat exchanger of claim 10, wherein said tubul ar nenber and said i nner

menber ar be the watenand the igfigerant Aewingdpdaatubes. The evaponater

ave ' cAGURTSS elRotfhialsRd Bt ak dhdt eftbetant SOHT BoRthe" RifowiFenfr T o

heat frontie Waterdidwing i ealy asingle ekial passitirobghithg eyiapdeatohar act eri sti cs,
sai d evaporator conpri.sin 2002 n el ongat ed chapber havi ng

headers at each ﬂ?ﬁjp’fﬁfﬁ"ﬁgﬁ Qﬂ'mﬂ"éttwgcﬁlgwﬁ &ham%er dhe plralityofchanber
for receiy gaidé\t?tetfclidfétd mberk! 4 %tf%‘%loﬁgaw@lnﬁ? eH g ng the fluid in

a first axra I'on hrou'nt dscargln the fluid in a
cool ed stambstahtlailgghtralghbutn ﬁus pditatartembedingni sihecevaporatorhasal of t he

CATT o b 95'188L, oeor G Brigihd i Bel b BESGtaed e 00

different flow rates and levels of heat exchange. Evaporator designs that

have a length of 16 feet have given excellent results. As shown in Fig. 3, an
elongated inner member 10 is dispoéed within the elongated tubular member
30. Both the inner member and the tubular member are dimensioned to form
an annulus 29 between the opposing sﬁrfaces of the inner member and the
tubular member. In the preferred embodiment, the inner member has a
constant diameter. A plurality of resilient support members 12, which
preferably are tufts made of clusters of bristles, are attached to the inner
member and are spaced along the length of the inner member so as to
protrude to engage the tubular member and thereby centrally support the
inner member within the tubular member. The best results have been
obtained by supporting the inner member concentrically within the tubular
member.

The refrigerant flows through the annulus 29 and transfers heat
through the wall of the tubular member 30-to a fluid flowing over the outer
surface of the tubular member 30. In the preferred embodiment, the tubular
member is circular in cross section and the inner member 10 has a solid
circular cross-section, and is made of foamed plastic material. The
dimensions of the annulus to be used will depend upon the particular
application, considering the fluids used and the size and load characteristics
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the chanber and a refrigerant outlet comrunicating with the header at the
opposite first end of the chanber; a plurality of elongated tubul ar nenbers
positioned within said 10 el ongated chanber for receiving30dflay@eoant from
t he header at the second end of the chanmber, flowing the refrigerant

t hr ough t aktheuvaporatorniAnnulibhavidg scheigbt (radidhdistarice betwaen the guteeat ed

tate th h the,head d t t.he first by th
cvapor at oPUEce, O i AR FaMInbkADAnchihe 1Bner sifaes b BLIASPamieE os oo
W thin at 3bhPafthisi@raigeSst 880U fchks RBDBESn sRdhvAl th'preigand tubul ar

menbers bei'ng dinensioffed to forman annul us between opposing surfaces of
t he i nneracceptableuheat thamsfer fara tubtilan memberefi5/8'innef dianmateneen t he

paced ai Bips e inyertion Eheh it S AR SRB R BTH to engage the
respective el onpatiRef HumBér 76 iIRIERAR ofa FhatERAARAt EDrhpdle WHFDRE W thin

the tubul ar menber, wherein the resilient support nenbers are essentially
in the forefrigeranifiowing throoghdhglannsllus gndthairdags rnet otherwisednposeor at or  of

CLaLm e RS B RGBT B mBBfs 37 3B M e Bt

tubul ar apfhdedrd fIERNBE PDIVherie dNaerial has prdveh’to bdpatticaRfMyaisdd fsrcor di ng

to claim 14, wherein the bristles are made of pol ypropylene. -17
zeotropic refrigerants such as R-407C. While the inner rods can be made of
a variety of materials and still achieve many of the features of the present
invention, solid synthetic rods having characteristics like those of
polypropylene rods, and most preferably foamed polyethylene rods, have
proven to be particularly well suited for the invention. Foamed polymeric rods
are polymeric rods which have occluded pockets of gas. Foamed rods have
greater strength and concentricity than golid polymer rods, and also have
better rigidity and their dimensions can be better controlled during
manufacturing. Such rods are also relatively inexpensive, as compared to
rods made from other materials.

More specifically, inner members made of foamed polyethylene or of
foamed polypropylene have given good results. Both of these materials resist
chemical attack which would result in non-condensables. Other materials,
including metals, can be used to form the inner members, but all have certain
disadvantages such as excessive cost of formation or installation, corrosion,
promotion of mechanical failures, excessive pressure drop, or difficulty of
centering within the tubular members.

As shown in Figs. 1 and 2, a plurality of tubular members are
incorporated into an evaporator used to chill water. By means of example
only, approximately 400 tubes have been included in an evaporator made
according to the present invention. Each tubular member had a 5/8 in. inner
diameter, and each inner member had a 3/8 in. outside diameter. These



30 May 2002 18. The evaporator according to clainml4, wherein each of the
plurality of tubular nmenber is a nmetal tube. 19. The evaporator of claim
14, wherein said support menbers are 5 forned in a plural goyay26e2s, with
each set including a plurality of support menbers spaced around the

peri neter  of t_hea?nnul us, and gfgitionﬁd at a different axial position along
t he annuldignensipnatparamgiass Lpay bemedified,asonecassapy forspectficoport nenbers of
at 10 Ieeb?f“eaﬁoﬁset are positioned equidistant around the perinmeter of the
annul us. . e evaporator of claim 19, wherein the support nenbers of at

| east one set Thed evapoeratpn ofthegresent ineehtiogproviies be incriealsed. 15 22. The

evaporator_of claim 19, wherein each support set jncludes three support
mengers. efﬁ?'eﬁ%oﬁpﬁ)@fﬁgjﬁ'iat@ﬂ e/ %@@P&A’I’?@F@%dtwtﬁ]ﬁ%@mehenbefg of a
set are ifigefcfpethech thd RERgbIATARWNRI TheAnals fbliFrdig gty Of the 1 nner

20 menbe e evaporator ~of claim 14, wherein each inner nenber is a
sol i d nembfrigeradt réar thesswiageoofthertubiilacineémberis inbreasied, esstiitingiiter nenber

| he sunpdneregann fedt AR B ats Sl tng vealf SRS Bbilas SoembBr B st e
I'engt h th%?%éfrﬁtﬂﬁarap BBR'be f%@thgancﬂa s@dﬁnﬁé%mlaﬁﬁ%gémaéafﬁn@hm 18

wherein ea urality of tubular nenbers has a finned inner surface
t o i ncr edseehsurface Ahdéd eontact withithefrefrigerant, worthat thet éffectivedinner 18 30

e A e
12 feet. finned inner surfaces are commercially available.

In the preferred embodiment, the inner member is held centrally within
the tubular member by the resilient support members 12. In the embodiment
illustrated in the drawings, the resilient support members extend from the
inner member and are attached to the inner member at one end. Atthe
opposite end the support members 12 engage the inner surface of the tubular
member 30 and thereby maintain the inlner member 10 in a substantially
central position along the center line of the tubular member 30.

As shown in Fig. 6, in a preferred embodiment the resilient support
members 12 are formed of tufts which in turn are preferably made of clusters
of bristles 22 attached to the inner member 10. These tufts can be made of a
variety of materials which are compatible with the refrigerant being used
within the tubular member and which are sufficiently resilient to be readily
inserted into a tube and yet hold the rod in position. By means of example,
the tufts can be made of polypropylene bristles. Such tufts, or similar resilient
members, can be fixed to the inner rod by a variety of conventional
techniques. In the disclosed embodiment, the tufts are constructed by drilling
or otherwise forming a hole 20 in the elongated inner member 10, and
permanently affixing the tufts within the holes. In this embodiment, a cluster
of bristles is doubled on itself and inserted in the hole 20. The doubled up
cluster of bristles is then secured to the inner member by a staple 21 made of
steel, or other suitable material. The bristles extending from the surface of
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5 29. The evaporator according to claim 14, wherein the refrigerant is a
zeotropic refrigerant. 30. A nethod for exchangi ng heat between a fluid and
a refrigerant in a tube and shell heat exchanger, conpri sigogvabeoeeps of:
10 flowing the refrigerant through an annul ar passage forned between the

opposi ng thelihAeemethbenar) weadkifinéd kath prapeb Ringthdswdh =t Beatiftbrl Nner
menber di sposed within the tubular nenber, said tubular nenber bein

di sposed Wemhar ankresiignt tafts car eqsily besiasertahinto thertubviar mentherianchr ound

w thin ¢roeeEa teh Bl Madind i Hine gy opue BB Bebst, A
al ong t heexainple) adf inhBEmemissr Gfe3yBan. diacheteoiidillbd do fommat iisiei. 128 lin menber
and engagi ng the tubul ar nenber, wherein the resilient suplq;i)orts are

essent i al 1§ep AN &2b dninstiametarstaeeoramogate atultof \1Q0 insdiampter, 20 31.
The met hod. cl ai . | ' [ i .fached at one
end to tﬁ%@i\eﬁe\fvﬂhe@rrggr'ﬂgﬁéS{équ‘i‘ggnéﬁ% hésg%’ﬁgﬁ%gﬁébﬁ?iéﬁhﬁ' ce of the
tubul ar repgiizatiodd 32. The nethod of claim 30, wherein the inner menber is
solid and has @}tCi rcul ar cross section. ét:?\ The net hod of claim 30, wherein

the inner menbelimateindae suppertype@bpreatineseresant inkentien ran ber madei m 31,
o ool 50 VEHSH O TREheapd 3togst, & BB e luarih e 00 55 e
pl ural i t ymembsrsholdithd oatertarskinnenniemberg in ppoperapositiornfin rsemiannent
ai T or entMBK[poasanamCsl 87 Haoicall acePtablas, " The nethod of ol aim 35,
e nert et o g fSlartagpet tomifo g LA SR marReRAIET, o oy
annul us. bristles made into tufts, is that the support members will bend but then return

by themselves to their original shape, resulting in easy insertion of the

elongated inner member 10 into the elongated tubular member 30 through

one open end of the tubular member. Once the elongated inner member 10

is inserted in the tubular member 30, the resilient supports 12 center the

elongated inner member 10 and maintain it in its proper position within the

elongated tubular member 30 to form the annulus 29.

In the present preferred embodiment, the resilient support members

are spaced along the length of the inner member, and are also spaced

around the perimeter of the annulus. As embodied herein and referring to

Figures 4 and 5, the resilient support members 12 are located around the

periphery of inner member 10 and are separated by equidistant angular

spaces. In this case, sets of three support members are placed around the

circumference of the inner member 10, and are separated by 120° of arc.

Additionally, the support members 12 of a set are spaced axially along the

inner member 10, preferably by equal axial distances.

In a preferred embodiment, several sets made up of three tufts each

are placed at specific distances along the inner member, so that the inner

member 10 is supported substantially centrally within the tubular member 30

along its entire length. Within each set of support members, the individual
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10 37. The nethod of claim 30, wherein the refrigerant is a zeotropic
refrigerant and the inner nenber and the resilient support nenbers are
chemcally conpatible with a zeotropic refrigerant. 38. Theg Mgyhkod2of claim
30, wherein the inner nmenber and the 15 tubul ar nenber are substantially

esi | ent AR SaGaBFER drofing e ofQTBREHEE o n el motnbAr BadkEbERer al ong
t he | enghlongf thehexialmeagtinehtheinnéOmétbet. PRIdSh4g! tHpolpperta f1uid by

evaporating a refri ﬂerant in a shell and tube type evaporator, conprising
the stepinesnbens ¢fatigastrne oling sats define aspifs path alang thedangtii ofii d i nl et

di Sposedﬁﬁﬁ%'ﬁﬁe{% atsoﬁﬁ"% fnslt-'igﬁPéj49f the shell of the evaporator, flow ng
€ she I'n |

the fl ui roug rst axial direction, and discharging the

f1ui d throughThefprefstredicbrfigutation of thasupsortmemberssminmimizesgheof the shel |
opposite to the first end; and flow ng the refrigerant through a

ref ri ger aMEUNSIOEPresause Alrep that is ingysrechby e tqi@%ras\&ﬂawthoughéhg hel I,
L oo ARG 2 OB Prdp SEAN B hADBRTRI o baRERY L1 o o
a t ubul aaceeptable fbr e sefrigerdritifiowihe irsthel anruldr passage; Nvitl‘ﬁjm(?éddd:iﬁgos ed
2002 out théy ety the satio3Atian Systere FahS SpeCiTe. SremP@ydsbet o t o t he
first hezf§iod dimensions discussed above, these pressure losses correspond to a

gap frequency between the sets of resilient support members of about ten

inches and three inches, respectively. More specifically, a distance of 6.625

inches between successive sets of resilient supports has been found

acceptable, as shown by distance "D" in Figure 4. The spacing of the

individual tufts within each set of support members can also be optimized to

reduce the pressure drop, while still centering the elongated inner member

10. -For example, an axial spacing of apbroximately 0.5 inch from one tuft to

the next has been found acceptable, and is indicated by distance "B" in

Figure 4.

The spiral configuration of the supports 12 used in the preferred

embodiment also imparts a spiral motion to the refrigerant. This tends to

minimize stratification of the refrigerant into liquid layers and vapor layers, as

the refrigerant changes phase from a liquid to a gas through the tubular

member, due to the heat absorbed from the fluid.

The evaporator of the present invention is preferably used with a

zeotropic refrigerant having significant glide characteristics. One such

refrigerant is R-407C, which is a ternary blend of HFC-32/HFC-125/and HFC-

1344, and is a non-ozone depleting refrigerant. This blend has several boiling

and condensation temperatures, at a given pressure. The range over which

the boiling/condensation temperature varies is referred to as temperature

glide. A number of other zeotropic refrigerants can also be used in the

application of the invention.
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through a refrigerant outlet; and supporting the inner nenber with a
plurality of resilient supports spaced along the |l ength of the inner nenber
and protruding fromthe inner 5 menber and engagi ng the tupgl Jrber,
wherein the resilient support menbers are essentially in the formof tufts

made of a pl uAglié byideht %h%iﬁﬁtl)%&eldegéﬁqtg&ggﬁgiagés%tﬁhgéﬁgqn wherein the

refrigerant is a zeotropic re er an cl ai m 40,
wher ei n inbldesfa mpthad foraeffiedtbatiid andexohahge!of\heiah betgbet aefiui¢ ahdexchanger

[ i ngl . 43. Th t hqd of i m42, wherei fri t is fl d

thr ough BHGSTANEINA tibe SRRl Neat xGBANGRE Witb T WOpBaled EhEPBeE  ng
f i ' t ' ' nb

el - i ¢ T SH5E Mefidd! floding th3 to oo RO SUG An SIUERBRERR folR8H . toor and

cor r es poefivegni meeoppusmsuefaeesoﬁaareimmgateﬁauuwarﬁmnget ia?d anf C: ai rmO215

wh in the i nb ' | id N f f ro ene. )

The. et HIETGRTE AT MEMOREAEPASEH ACU Tt TUGHATIOPSBETe e BbBIEabout 0. 5

i nch f r opfefifset bé%@in flrARfis c%%g' Wi thelelbR§ated arﬁﬁgpeAfuélﬁerA&SPThe

met hod of claim wherein refrigerant™is flowed throu a urality
of annulis fiowing the Suitcaroundsthe aLitersuniace ohthestubltaranentber. | thigl ity of

o o BIRE Ind Rt B P03 i i AT oler By o - pohon S
e PALERY Of(ol oS bRl oiong U9 e o SMABAMIUREL . v
protruding from the inner member, and engaging the tubular member.

A preferred embodiment of a method for cooling a fluid in a shell and
tube type evaporator, according to the invention, includes the steps of flowing
a fluid, such as water, into the evaporator through a fluid inlet disposed
adjacent to a first end of the shell of the evaporator, flowing the fluid through
an elongated chamber within the shell in a first axial direction, and
discharging the fluid from the heat exchahger through a fluid outlet disposed
adjacent to a second end of the shell opposite to the first end. The method
further includes the steps of flowing the refrigerant through a refrigerant inlet
into a first header placed at the second end of the shell, flowing the
refrigerant in the second direction opposite to the first direction through an
annulus formed between opposing surfaces of a tubular member within the
elongated chamber and an inner member within the tubular member, and
discharging the refrigerant from a second header at the first end of the shell
opposite to the first header, through a refrigerant outlet. Both the refrigerant
and the fluid flow through the evaporator only once, and preferably the
refrigerant is a zeotropic refrigerant with significant glide characteristics. The
evaporator has a plurality of outer tubes and inner members, according to the
present invention, each having a length in the order of 16 feet. The specific
dimensions of the device may vary depending on the amount and
temperature of the fluid cooled.
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evaporator having 382 tubes of 5/8 inch outside diameter and inner cylindrical
members having a diameter of 3/8 inch, lengths of 16 feet have been shown
to provide the desired efficiency. It is believed that evaporators of the present
invention with lengths of twelve feet or more will provide marked benefits over
prior systems. Fig. 7 shows a diagram of the temberature of water and of R-
407C refrigerant as they flow in opposite directions through an evaporator
constructed according to the present invention.

The preferred embodiment of the inner members is low in cost

because the inner members are made of polymeric rods and can be fitted
with support members that hold the members in place by an economic and
easy to assemble support system. One such embodiment is the foamed
polyethylene rod with tuft supports disclosed in detail above. The production
and materials costs for this embodiment are low relative to metal rods, and
the assembly of the inner member into the tubular members is extremely easy
and cost effective. The resultant combination has also proven to be
completely noise free, relative to other options. The use of the polypropylene
or polyethylene rod and tufts also should be non-deleterious to the outer tube
from the standpoint of galvanic corrosion or tube leakage caused by metal-to-
metal interface. Furthermore, this combination of elements provides high
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Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the
appended claims and their equivalents.
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an elongated inner member disposed within the elongated tubular
5 member, said elongated inner and tubular members being dimensioned to
form an annulus between opposing surfaces of the inner and tubular
members to facilitate heat transfer between a fluid flowing in the annulus and

a fluid flowing over the tubular member; and
a plurality of resilient support members, in the form of tufts, attached to
10 the inner member, spaced along the length of the inner member, and
protruding to engage the elongated tubular member and support the inner

member within the tubular member.

2. The heat exchanger assembly of claim 1, wherein the support
156  members include a plurality of bristles.

3. The heat exchanger assembly of claim 1, wherein the inner

member is solid and has a circular cross section.

20 4. The heat exchanger assembly of claim 1, wherein the inner
member is made of polypropylene.

5. The heat exchanger assembly of claim 3, wherein the inner
member has a constant diameter along its length.
25
6. The heat exchanger assembly of claim 2, wherein the bristles
are made of polypropylene.

7. The heat exchanger assembly of claim 1, wherein the tubular

30 member is a metal tube with a finned inner surface to increase heat transfer

with the fluid flowing in the annulus.
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member has a finned inner surface to increase heat transfer with the fluid
flowing in the annulus.

5 9. A heat exchanger for transferring heat between a fluid flowing
over an outer surface of a tubular member and a refrigerant flowing through
the tubular member, said heat exchanger comprising:

an elongated inner member disposed within the elongated tubular
member, said elongated inner and tubular members being dimensioned to
10 form an annulus between opposing surfaces of the inner and tubular
members to facilitate heat transfer between a fluid flowing in the annulus and
a fluid flowing over the tubular member; and
a plurality of resilient support members attached to the inner member,
spaced along the length of the inner member, and protruding to engage the
15  elongated tubular member and support the inner member within the tubular
member, wherein the resilient support members are essentially in the form of
tufts made of a plurality of bristles.

10. The heat exchanger of claim 9, wherein the inner member and
20 the support member are chemically compatible with the refrigerant.

11.  The heat exchanger of claim 10, wherein the inner member and
the support member are chemically compatible with a zeotropic refrigerant.

25 12. The heat exchanger of claim 10, wherein said tubular member
and said inner member are substantially straight and are concentric.

13. The heat exchanger of claim 10, wherein said tubular member
and said inner member have a length of at least 12 feet.
30
14.  An evaporator for transferring heat from a fluid to a zeotropic

refrigerant having glide characteristics, said evaporator comprising:
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discharging the fluid in a cooled state through an outlet adjacent the opposite

5 second end of the chamber;

a refrigerant inlet communicating with the header at the second end of

the chamber and a refrigerant outlet communicating with the header at the

opposite first end of the chamber;
a plurality of elongated tubular members positioned
10 elongated chamber for receiving refrigerant from the header at

within said

the second

end of the chamber, flowing the refrigerant through the tubular member, and

discharging the refrigerant in a heated state through the header and outlet at

the first end, whereby the evaporator is a counterflow evaporator;

elongated inner members disposed within at least some of

15 members, said inner and tubular members being dimensioned

annulus between opposing surfaces of the inner and tubular
facilitate heat transfer between the refrigerant and the fluid; and

said tubular
to form an
member to

a plurality of resilient support members spaced along the length of

each inner member and protruding to engage the respective elongated tubular

20 member and support the inner member within the tubular member,

wherein the resilient support members are essentially in
tufts made of a plurality of bristles.

the form of

15. The evaporator of claim 14, wherein said tubular members and

25 said inner members are substantially straight.

16. The evaporator of claim 14, wherein said tubular and inner

members are concentric.

30 17. The evaporator according to claim 14, wherein the bristies are

made of polypropylene.
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18. The evaporator according to claim14, wherein each of the
plurality of tubular member is a metal tube.

19.  The evaporator of claim 14, wherein said support members are
5 formed in a plurality of sets, with each set including a plurality of support
members spaced around the perimeter of the annulus and positioned at a

different axial position along the annulus.

20. The evaporator of claim 19, wherein the support members of at
10 least one set are positioned equidistant around the perimeter of the annulus.

21.  The evaporator of claim 19, wherein the support members of at
least one set define a spiral along the length of the annulus.

15 22. The evaporator of claim 19, wherein each support set includes
three support members.

23. The evaporator of claim 19, wherein the support members of a
set are spaced about 0.5 inch from each other along the length of the inner
20 member.

24. The evaporator of claim 14, wherein each inner member is a

solid member.

25 25. The evaporator of claim 14, wherein each inner member is

made of foamed polypropylene.

26. The evaporator of claim 14, wherein the support members are
spaced about 0.5 inch from each other along the length of the inner member.
30
27. The evaporator according to claim 18 wherein each of the
plurality of tubular members has a finned inner surface to increase heat
transfer with the fluid flowing in the annulus.
-18 -
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28. The evaporator according to claim 14 wherein said elongated

tubular members and said elongated inner members have a length of at least
12 feet.

5 29. The evaporator according to claim 14, wherein the refrigerant is
a zeotropic refrigerant.

30. A method for exchanging heat between a fluid and a refrigerant
in a tube and shell heat exchanger, comprising the steps of:

10 flowing the refrigerant through an annular passage formed between the
opposing surfaces of an elongated tubular member and an elongated inner
member disposed within the tubular member, said tubular member being
disposed within the shell of the heat exchanger;

flowing the fluid around the outer surface of the tubular member; and

15 supporting the inner member within the tubular member with a plurality
of resilient supports spaced along the length of the inner member and
protruding from the inner member and engaging the tubular member, wherein
the resilient supports are essentially in the form of tufts made of a plurality of

bristles.
20
31. The method of claim30, wherein the resilient supports are
attached at one end to the inner member and engage at the other end the
surface of the tubular member.
25 32. The method of claim 30, wherein the inner member is solid and
has a circular cross section.
33. The method of claim 30, wherein the inner member is made of
polypropylene.
30

34. The method of claim 31, wherein the inner member has a
constant diameter.
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10! @0%r&' ()-1 B&vem& The (of glaim O wherein the resnllent supports are

formed in a plurality of sets, with each set including a plurality of resilient
supports spaced around the perimeter of the annulus and positioned at a
different axial position along the annulus.

5
36. The method of claim 35, wherein the resilient supports of at
least one set are equidistant around the perimeter of the annulus, and define
a spiral along the length of the annulus.
10 37. The method of claim 30, wherein the refrigerant is a zeotropic

refrigerant and the inner member and the resilient support members are
chemically compatible with a zeotropic refrigerant.

38. The method of claim 30, wherein the inner member and the
15 tubular member are substantially straight and are concentric.

39. The method of claim 35, wherein the resilient supports of a set
are spaced about 0.5 inch from each other along the length of the inner
member.

20

40. A method for cooling a fluid by evaporating a refrigerant in a
shell

and tube type evaporator, comprising the steps of:

flowing the fluid into the evaporator through a fluid inlet disposed
25 adjacent to a first end of the shell of the evaporator, flowing the fluid through
the shell in a first axial direction, and discharging the fluid through a fluid
outlet disposed adjacent to a second end of the shell opposite to the first end;

and

flowing the refrigerant through a refrigerant inlet into a first header at

30 the second end of the shell, flowing the refrigerant in a second direction
opposite to the first direction through at least one annulus formed between
opposing surfaces of a tubular member disposed within the shell and an inner
member disposed within the tubular member, and discharging the refrigerant
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41. The method of claim 40, wherein the refrigerant is a zeotropic
refrigerant.
10
42. The method of claim 40, wherein the refrigerant and the fluid
both flow through the heat exchanger in a single pass.

43. The method of claim 42, wherein refrigerant is flowed through a

15  plurality of annuli formed between respective opposing surfaces of a plurality
of tubular members and corresponding inner members held within the shell of

the evaporator and wherein each tubular member and corresponding inner

member are concentric.

20 44. The method of claim40, wherein the inner member is solid and
is made of foamed polypropylene.

45. The method of claim 44, wherein the support members are
spaced about 0.5 inch from each other along the length of the inner member.
25
46. The method of claim 40, wherein the refrigerant is flowed
through a plurality of annuli formed between respective opposing surfaces of
a plurality of tubular members disposed within the shell and a plurality of
corresponding inner members disposed within the tubular members.
30
47. The method of claim 46, wherein the refrigerant is a zeotropic
refrigerant.
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