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WO 2004/ 009203 PCT/ NZ2003/ 000160 Vacuum Seal i ng
Arrangenent For A Liquid Concentrator Field of

wo noognvg20n 5 The present invention relates to PCT/NZ2003/000160

i nprovenents in and relating to a vacuum seal i ng-
arrangenent for a liquid concentrator and a liquid
concentrator with such vacuum seali ng. Background of
I nvention 10 Liquid concentrators are used in numerous
type¥aduung 8¢aling Arrahigendent F#or A Liaiid Corceatidator
respect of the concentration of mTk so as to achreve ,
a nore cost effective transportation of the mlk. It
M&Mood, however, that the present

plication 15 throughout the area of
l'iquid concentrators no matter what their intended use
may be. A significant problemw th existing |iquid
concemer ar@éwg imvention relalpeiq IMprovementsgiand 4P Alingtogt vackem sealing
ArPrigeMent foh b Mqlib QoM@ ah@ B G8THCBh&nIeRIFRARDER Yacuum sealing.
Typically this problempresents itself at the seals
required for the external ducting between the various

Q MEDPINTa nts. In liquid concentrators,
i : idin a partial vacuum

concentration can be effected at | ower than nor nal

tenperatyres thus reduci damage to t e

posb i GaRsagdAes irelssaia rPaPElsdutpsi ot dpisties 17 REw Zeatand 2
Reos Lsalistin eespett éfie cotuepRaiohasfohik FByas ﬂd»tadﬂeze Adnore cost effective
net hods. of .yapour reconpression, the | atent heat of

RN ARTRIRN % ﬁ’ M‘be used to create the evaporation

process and can provide substantial 25 energy savi ngs.

Lgtg E.C'% to‘;{%gfﬁ?%&a unSt, ﬁggﬁqr f._plral ﬁa}rg\yet%ﬂgn has application

thtougedutitied arsb fof figutidn c@rméntratetsum et wiRieHelirSntahded use may be.
achieved. In one exanple of a typical concentrator
used in the concentration of m |k, the concentrator

woul A twgrmehatpmstgemt wtﬂerﬁa@tnag Ultcrz‘m @bnéditratops derinofespect of the
vacu

TR B e v Pah R Fo oA Rog o PR s RRg . Typically this

protiphextesantoftsaifedt haseain gedulred forabel erfefrmbcctingtbst@den the various
tor, co Al t hou

CPE S R ORROPER. Had g ST ERT Ao by EHERGTHIS Tauid in a parta
vaomaentsrakotrstioni danvidd dffdated @tp@\%retﬂhn h@rrﬁﬁqaﬁpaﬂéidrd&s‘sﬁlus reducing

Ciqg‘@t g“?%gwnegll neqe %récp f?‘?ﬁ?? %S ﬂ%rﬁ%@[}ﬁ E$Slr1§5 t I 2 nstruc¥|on of the

dohdimﬁra&pparm Ugilihg cmetHodsr povapes Bedfbh'tw@slohy tﬁé latent heat of
condensation can be used to create the evaporation process and can provide substantial

energy savings. In concentrators operating under partial vacuum, extensive engineering
is required to ensure the structural strength and vacuum requirements are achieved. In
one example of a typical concentrator used in the concentration of milk, the concentrator

would be operating at temperatures of the.order of 75°C and at .3 bar partial vacuum.

There is therefore in current concentrators the cost and complexity of maintaining the

vacuum seals between the various concentrator components.

Although the present invention has particular use in liquid concentrators, it will be
apparent to those skilled in the engineering arts that the present invention may have

applications throughout the design of any other apparatus which incorporates a plurality of
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WD 2004/ 009203 PCT/ NZ2003/ 000160 2 i nterconnected
conponents all or sone of which are required to

wo@perateonder a vacuum  The term "concentr at BCT/NAR03/000160

used in the present specification is therefore to be
understood to cover all such apparatus. 5 Objects of

the Invention It is thus an object of the present

i nvention in one enbodi nrent thereof to provide a

integicorthected cemppagris alvbi sdmevewbiomese mquiatd loeassrate under a vacuum.

el i or.at e I ! S Liguid ..
Tl R RerReaefl Sibelit heeal s e F O R EPHIBL Y Be uncerstooc
i0i dovempalieuicdeppdratysubl ic 10 with a useful choi ce.

Furt her objects of this invention may be becone

apparent fromthe description. Summary of the
Objecits of thre Mventiony to one aspect of the present

rnvention there 1s provided a liquid concentrator

having a plurality of components required to operate

I.n usl?ié‘*lﬂtgse%nx @&%T‘gieaﬂr@s GIvehfors Al dhe CHRIAIEEAShEHESE to provide a
adapted to be provided wthin a conmon encl osi ng
lipiien sorpgatralot mhichweveserraes eat feedt amelierates aproblemsukith such liquid
&ﬁc@ﬁﬁﬂ&‘s'aﬁﬁéﬁé’ole 20 1€ 5 e NN Andiof Whtcﬁ%ﬁt 18SR8H pPJv]ide the public
the present invention there is provided a nethod o
wigha upefditaheigea i qui d concentrator having a plurality

of conponents each required to operate under a

vacuum said nmethod including providing said o
conpdTiEthesokipets ohthisdByRitian 81RY| keshasgMeeRRareahticradag eesegption.

sai d encl osing neans to have a required vacuum 25
established therein. According a still further aspect
Simhearpy efd¢hie Inventioim a 1 qui d concentrator and/ or

a method of constructing a |iquid concentrator is/are
substantially as herein described with reference to

the 3COrMRYo hedbMchbf tRE AesaHt dinhtiof hefd iid Iprovided a liquid

further aspect of the present invention, an apparatus
qquﬁrgfator having a plurality of components required to operate in use under vacuum

and wherein said components are adapted to be provided within a common enclosing

means and within which a required vacuum can, in use, be established.

Acgording to a further aspect of the present invention there is provided a method
of constructing a liquid concentrator having a plurality of components each required to
operate' under a vacuum, said method includidg providing said components with a
common enclosing means and adapting said enclosing means to have a required vacuum

established therein.

According a still further aspect of the present invention a liquid concentrator and/or
a method of constructing a liquid concentrator is/are substantiaily as herein described with

reference to the accompanying drawing.

According to a still further aspect of the present invention, an apparatus (other

than a liquid concentrator) is constructed according to any of the three immediately

preceding paragraphs.

Further aspects of this invention which shall be considered in all its novel aspects
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than a liquid concentrator) is constructed according
to any of the three imediately preceding paragraphs.

WQ200E0eRher aspects of this invention which shetT/NE2003/000160

considered in all its novel aspects WD 2004/ 009203

PCT/ NZ2003/ 000160 3 will becone apparent fromthe

foll owing description given by; way of exanple of

possi bl e enbodi nents thereof and in reference is nmade

Wit bebeme apparpatiyeom ghel fallaiving Kles@intieh gives d1yi way onexampienef possible
. l: .

FhERERs vt A e B o W BB g bt b

enbodi ment of the i nventi on. F| gure 2: Shows in

I- ntrator of Figure 1. Figure 3;
F'eaftﬁﬁs m ;ﬁé@ggﬂla-b&%d concentrat or accordi ng
toa 10 further possi bl e enbodi nent of the invention.
Description of the Preferred Enbodi nent of the
| nverfiigure %5 As Shewsi \@hediasranmaiiealy aaliquidgogeentrator according to

concent rat or | s ;g pBXRlchpBLiniHht BREIRHTon, vNi Ch has
a pl uralltg of inter-connecte component' s each of

whi ¢ qui r Siows ingreater detall fgegongenteaterirhFiguse 1.
Fi gwﬁgé}%@verysﬂb@graﬁmmn@atﬁémﬁ% %&L%I QREni¥htel REording to a

concentrator is shown in he vari ous
component s of t Reétheppessifle gmgpdimest @'rth%tﬁ‘g@éﬁ'%thl n a
common enclosure 1 and within which a required vacuum
will in use be established and nmintained. The

encl osure 1, which may be any suitable vacuum vessel

Béggq'?ﬁﬁgh'%i’"ﬂ'\é PP@f’g‘Pi-a&ﬁi ERtb3HimnPoP Rhiedrv e

be well known to those skilled in the engineering
arts. 25 In the Eﬁrtlcular enbodi nent shown a ||

to bd‘cBREEIRECaPIEIIONSY 13 daiift ONgeHEtRy 'Ss%fbleP‘é‘ﬁp'E %fnﬁi” apparatus

WHIEhadh @lupdlityCYRIRRIF-Rbh bt &0 eh8 &3RR tof Whiok. is Wtféﬁr@d to operate
the concentrator is to be used in respect of food

YEBHR e B uch as milk a

In Figure 1 a very diagrammatic cross-sectional view of a concentrator is shown in
which the various components of the concentrator are arranged within a common
enclosure 1 and within which a required vacuum will in use be established and
maintained. The enclosure 1, which may be any suitable vacuum vessel or chamber, will
be provided with appropriate vacuum establishing means of any suitable type and as will

be well known to those skilled in the engineering arts.

In the particular embodiment shown a liquid to be concentrated is fed into a feed

section 2 and then into an evaporation/condensing section 3.

Where the concentrator is to be used in respect of food products such as milk a

stainiess steel enclosure 1 may typically be used.

Typically the liquid will be boiled at a reduced temperature within the
evaporation/condensing section 3 in producing concentrated liquid and steam. The
mixture of the concentrated liquid and steam will then pass through a separation area 4

and a baffle arrangement 5 where the concentrated liquid is separated from the vapour.
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30 stainless steel enclosure 1 may typically be used.
Typically the liquid will be boiled at a reduced

wao eovpedrdiire within the evaporation/ condensi NBCENEZ2G08/1000160

3 in producing concentrated |liquid and steam The

m xture of the concentrated liquid and steamw || then

pass through a separation area;4 35 and a baffle

arrangement 5 where the concentrated liquid is

separated fromthe vapour. WO 2004/ 009203

PCT/ 0, I 1

2 vagﬁﬁer@%; ﬁg\?éqgen é%s-ggtﬁro\ﬁgﬂ%g/ap% éoﬁoétS%oP}S&quH b9%9rlﬂotor 7. A

sesl 8us tsaltdbly prayidededr ther sttatfteccmnacttngctbﬁ meatei hepf thee compressor 6 in

in retaining the vacuum

%rﬁﬁgn ﬁéc%@ﬁg@tﬁmﬁ?g %gln'gr essed steam may then

swtably be fed through a return duct 9 to the

evap ' td t

of { REnpABHRERRE A, BRI ST PR 8 R R © to tne

dviagoriation/Foridenaiog iseetion 3 wheessinetlatent heaé of thedetagat wib rbecg‘lven off to
e

l:{ §h€ ergcg(ﬂj n@l(ﬂtﬁ Thl aﬁ%rlt \8@' %Eﬁlﬁggthlggcroﬁq%r{s%ﬁor?% tt'feosﬂ%am to pure

wateiehisalshe bg@(ge@ewpnb@erveewﬂetbrquw GUPe éomee&@n & Any non-

cbhab g b%ugﬁs%gy% Bd $§é1y€ |ethro'i,|§ﬁ %HF@&BR Vtﬁ_stl)’fl%t %g%ésegg%nt discharge

prow e vacuumto e ves

thieagh the systeantfiahprosides thwawaf@ﬁo &‘@mﬁéﬁtﬁiﬁt s of the

concentrator fully wthin a common closure such as a

vacuum vessel 1, the design requirenents for 15

vacu Uiwilldrer seegtthatdrycdrrangingralitthe majortaeawenesaebiherconcergrator fully
WiH & 868moR ?&L@le\ﬁcnh&s% %cuﬁﬁ‘tevgs%éﬁql tHe %@9|9Ehr%qu1|2ements for
connecti ons. ure I't 1s onl e notor

viasugni sirangth ard mtseslb'l for thOSRéﬂ@P@an@S sanipinyjsedtodbe ey those of the

di

B e P el 1 PR g7 e P HRAROET WA bults the vessel

land the outgoing concentrate and distillate, and the

fl ow paths within the separator conponents

accommodated wthin the vacuumvessel. Referring to

Fi guiefgrringro diiguse r?atth&/@n‘@ﬁﬁlmﬁnh@hflgﬁ’é%ﬂt'%/ﬁh@\am I"}/ greater detail in

s‘t’teﬁlfngt ﬁteaﬁomﬁpaﬂWf thgf?n&fnﬁgé YE&y ﬁdlﬂd Whi hhd oing concentrate and

rature nment I'sS seen that
ctsﬁ@atﬁoaml the row paths within the separator components accommodated within the

vacuum vessel.

Referring to Figure 3, an alternative embodiment may typically operate at a lower
pressure and with lower temperatures. In this embodiment it is seen that now the motor
has also been accommodated within the vacuum vessel so that vacuum sealing between

the motor and the vapour compressor is not needed.

Typical values of operating pressure and temperature for the embodiments of

Figures 2 and 3 may be as follows:

Feed Concentrate Distillate Compressed

Temperature | Temperature Temperature Steam Pressure
Figure 2: | 72°C 72°C 75°C .37 bar (absolute)
(37 KPA)
Figure 3; | 62°C 62°C 65°C .27 bar (absolute)
(27 kPA)
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has al so been accommodated wi thin the vacuum vessel so
t hat vacuum seal i ng between the notor and the vapour

w@erpoersdr is not needed. Typical values of OPEr/AZ2008/000160

pressure and tenperature for the enbodi ments of 30
Figures 2 and 3 may be as foll ows: Feed Concentrate
Distillate Conpressed Tenperajure Tenperature
Tenperature Steam Pressure Figure 2: 72C 72C 75C . 37
bar (absolute) (37 kPA) Figure 3: 62C 62C 65C . 27 bar

5 as NoNE iorsd Tup it elfy ISaP e etel Gl PO gartiouany

\m#eresdecstdmﬂhmdaqustqoomoaehty of v hdwd esmeotratop itt Witk be understood by
t\ﬁ@g erg‘g gqﬁé) Qﬁ@héer%fg % HaY r%nﬁrggérﬁgwe%hgé rcblﬁld"ﬂa'v{a a%Slication in
rtela;a&cttolﬁ@nprobsgntoflapperatmsahawogjlmﬂrmgogpphqeruawrmh are &quired to
%pee?‘ﬁgq}ndg a\‘:\\lﬁXu S‘a'ngqn %hlé\p Qgr.ro%iHé tg‘@(é ?%S'EH! Fn\/&l\tﬁ)n the cost and
onponen rch are required to “operate under a
mmlﬁmtvaﬁdromdin@ﬂh@ Macawocm bg radvicethby praysing therppgmonents within a
{)ol?rﬁn&ﬁ)%cu Dol $Xbide of providing the vacuum can
reduce by "provi ding the conponents within a
common vacuum encl osure or vessel. 10 Wiere in the
for egf?/h@r@ %eﬁﬁé 'fBF 8Ih rd@&@rr G0 S r ﬁ@r%npgeﬁamgnt fhade to specific
specific con”ponent9 Sr i é’ er's havi ng known
estnRonantentos , intagers smaylrngedmoml anuyalents, thecorspieh aegevalents are
B NeE forth. Although the
,Hﬁ{)@ér@ g?@ﬁ"ﬁtb?gﬁ\eﬁas t\éﬁﬁgmen by way . of exanple
wth reference 15 to possible enbodi nents of the
| nve dd :
HbBln e dsbut QO gg@%@gﬁgruvteﬁgémgﬂt i S \ith reference
’fPI’F@SSlbbpembﬁPdlmh@tslQf\ﬁéﬁtlh‘@mfla& tes itnbd undearstmd st enetiifications or

iﬁlp?avgﬁ\enéé%%pgél ('nglgg MO&CEQH%%QQ?EM) %pe %f the invention as deﬂnedv

in the appended claims.
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CLAIMS: 1. Aliquid concentrator having a plurality of
conponents required to operate in use under vacuum

wa@pa4beoei n said conponents are adapted to beP@r/NZ2008000160

within a 5 comon enclosing neans and within which a

requi red vacuum can, in use, be established. 2. A

l'iquid concentrator as clainmedgin claim1l in which the
encl osing neans is a vacuum vessel or chanber. 10 3.
QLAIMBL d concentrator as clained i-n claim2 in which
t he components include a feed section for receiving
the liquid to be concentrated, an
‘tvaporatiquodconcedga®r hgvisg etplwrlity of poroperestscreadiestd loaipedate in use
i qui ' ~ -
concent o SR i T SRREKEL ARFRIR S bR LR Broli3Ea witrin 2
conpr e®giroen geelozng aldana@odwitbiawbidh\a telqlined hacuuat cammin use, be
vessele U bisf nber. 4. A liquid concentrator as

claimed in claim3 wherein a drive neans for the said
vapour conpression neans is provided outside said

acuu e . . . . .
A ovi dey e Sopint Mol A Y, £H A E Hltoging means i
enabl evacugmersse) oi ehamnhehe vacuum vessel or chanber and

its connection, to drive, said vapour conpressor. 5.
A liquid concentrator as clained in claim3 where a
Hri ve Artiguid choeentrator ssi daimeg v gfeinr2 towpick $kd opmpeamts include a
is al r oyd i 1 hi Ld vaguu ssgl ~
chanbg%cp&yé,&gﬁ?qmog c%ﬁ%gh ra?%r ggmgl aﬁ)rre%%i ncgrﬂcgaln}rr\ated’ an
3 i n wivaperatircangieosing ceatare is paducensansentatedulbesd and vapour, a
conpr : res ' ; (
fo T soePah FERRLE alag the BB RO Fofffhel fHhour and o
and compeyn cempreagien heeanse @l adnsammogigtedt withio the Aacpum vessel or
['iqui %hgmggpnt rator substantially as herein described
with reference to any one of the enbodi nents of the
acconpanyi ng draw ngs.

4, A liquid concentrator as claimed in claim 3 wherein a drive means for the said
vapour compression means is provided outside said vacuum vessel or chamber
and a sealing means provided about a shaft of the compressing means to enable
its entry into the vacuum vessel or chamber and its connection, to drive, said

vapour compressor.

5. A liquid concentrator as claimed in claim 3 where a drive means for the said
vapour compression means is also provided within said vacuum vessel or

chamber.

8. A liquid concentrator as claimed in claim 3 in which the vapour compression
means produces compressed steam pressurised between about .2 bar (a) to
.4 bar (a) and temperatures of the féed liquid and concentrate are between about
60°C to 70°C.

7. A liquid concentrator substantially as herein described with reference to any one

of the embodiments of the accompanying drawings.
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constructing a liquid concentrator having a plurality

w@boosoopenent s each required to operate underP@I/NZ2003/000160

vacuum sai d met hod including providing said
conponents with a comon encl osi ng neans and adapti ng
said enclosing neans to have a required vacuum
established therein. 5 9. A nethod as clained in claim
8 wher &i method of cohwisicting adigns doscentratardedingsa pluralityoaflaomponents
vessel cl 3| [ ' - .
i n whi c%rhsal Fggigt%)poo]e ?”g?%%gge@ﬁ”w %aﬁdl ﬁ%ﬁwgr\nﬂ@h@pgowdmg said
vac uuncangssehtsowitio hameermomehadldeing heantt sedt adamtiagdsaith enclosing
oV ap ol ALh Y GRILG LR BEL AL ARG tibrRPAr At O |
area to se ate ncentr vapour and
wher ei n the nmet hod further incl udes pr OVI di ng a seal

or a qwm I?.ié?‘
5 /& %ﬁ&:‘ 59 %I rﬂéc? irf a§|n¥ % il |}égﬁ§ %hclggmg % is %Fowded as a
rret hodva:guml\@smé@r cimarnbe:n m 9 i n whi ch sai d component s
included within the vacuum vessel or chanber include
a feed section and an evaporati on/condensi ng section
Havi ngA anedegrh paicladmediirealaino Ssipperiett eaid compenentatpeavided within the
i qui %a%[]gmvaggéjsrel ang. saind BBt NAHcf4E t her 1*8@8' ugé&%n and an
providing a 20 vapour conpression neans
t her efe)rapaﬁaélon/wftdﬁnﬁlngaisecmuhﬁMlNgssselseP@fratl@mam to separate
12. A%{:Qﬂfat&f I %Sta'f'lHC(/é a%d %Hﬁelﬁom%emertﬁéd"further includes
subst ant1 al er eln described with reference
any ongrogfling raeS@iﬁfma penestiart inth theaasguparegbeipr chamber of a drive

dr awi NQ&ans to drive a vapour compressor.

11. A method as claimed in claim 9 in which said components included within the
vacuum vessel or chamber include a feed section and an
evaporation/condensing section having a separation area to separate
concentrated liquid and vapour and said method further including providing a
vapour compression means and a drive therefor also within said vacuum vessel

or chamber.

12. A method of constructing a liquid concentrator substantially as herein described

with reference to any one of the embodiments of the accompanying drawings.



