Rigid D sposable flow Patit, [0001l: 1The present application clains the
benefit of priority of Provisional Patent Application No, (0 /360, 644,
filed on wWol2g12100385010, the eatire content of which is PoTaspanatads by
.reference herein in its entirety, [0002] This invention relates to a rigid.
di sposabl e fl ow path for . di spgsablsessymnidaekiri ng such as in

phar maceut B.ca,l_ bi opt}%r maceutical, n tri‘ﬁe tical, food qr. beverage
; | S '

p. rocessi ng ahd the I'FKERHAPEBVEFIERET B EHtToR #¥Brhtdd %o a rigid top
and bottomportion attached to each other with a flow path formed in the
R &i\gé’rf?‘igae-k%,“r%

adj oi ni ng TREBEHH PR PO URT BT C8HP Port B¢ df the Invention

[ 000$] Traditionally, fluid products, such as bi opharmaceuticals, food and
bever ages FAVE! pedHchidEegest-y i SREPH E8En St B At h . ways. The st eel
piping and fluid path ways need to cleaned such as with a hot Caustic
soi ution al@®then ri dsed™wiete sE¥efal W HTRBEP BRI EFOSHE st eam
sterilized in between each use.. [0004] One problemw th such a systemis
nmeki ng si nteRESyEEeHst @ ppopertplel.SAmedERY S epiiirdd it b8t ween each
use, Another issue is that the systemis incapable of being flexible in
size or cohftigus BEPORDE PRhbE Fkg Marpeoiige prvpgiog rgees Yol iindioantk met hodol ogy
dictated by the configuration. [0005] This has |ed to the recent adoption of
pl astic fl exispl mridontiaiimdrssmhdiber willh o How path formed io the adjoining faoex

of the oy swd bottom portion.

Hackgrownd of the bovention

003} Traditionally, (hdd prodects sach as blopharmacnutionls, food and
heverages have been procesasd i stainjess sieel path ways, The strel pipdng and flaid
path witvs nesd 1o closned sech wywith & hot caustic solution and then rinsed with
severs! volumes of hot water and steam sterifized In batween each use,

Ja004] Owe problem with sach 3 systom s making sure the system is
properdy cleaned and seriiized by hatwesn sach pse. Another bssue is that the system
is incapable of heing flexible in slae or contiguration, limiting the user W a set volams
sid methodology dictated by the conliguration,

Q03 This has led o the reoent adoption of plastic Hexibly contsiners and
systems ased o theam, Most sinply ar plastic assemblies such as bags connested 0
each other by plastic tubing. One problom with sach systems s that the system cannot
b ased st any high pressores due to the Hatations of the plastic ftselfl A second issue
ix that ¥ needs to be stabilized or refained 0 the surfice on which # ik used.

fHHIG Cine approach bas boen o use @ olam shell or tess plecs manifold

~

having a flow channel crndfiguestion or » relatively Hat comprossible sorfion between



systens bawd on them Most sinply are plastic assenblies such as bags
connected to each other by plastic tubing. One problemw th such

Si.... =" averm12/@3tshat the system cannot be used at any RCgluspriassuses due
tothe limtations of the plastic itself. A second issue is that it needs
t o be st abihiczed ioring etaispedbtontibetgunfacecobivwhi bhhdif xi Gaised. [ 000610ne
approach has been to use a clamshell or two piece manifold having a fl ow
channel co®fi@uinaliice andfrodidfehal kel prosfkatsiscaapressiblecsurrhace bet ween
WO 2012/ 003185PCT/ US2011/ 042188 which t Ite tubing of an .assenbly and/or
the entirejassenbl y cansbeogneh ¢ 18asd il of tnccafouial thephd i;znnini’immand
provided wth sone pressure resistance. See WO 2009/017614. [0007; Anot her
option is (s defibabioQriMReRn Hguned:ibaghansd: wapntdaltdschitat contain the
desired flow channels in the manifolds. The bag is placed between the

mani f ol ds apdrskd GOLEYCRSEEREN Gt hdh&rDaa PEEhLANE: G ahespandi ng to those
portions below the flow channels of .the bag are then slightly inflated

Wi th a gasy@fw ti.ghdshen fhatsthe zt&%&i;@&&h! OR8¢ fidh b othe 1fliewghannel s of
the manifolds, The manifold' s are then dosed around the baa funnina the

desir ed fl@ew ?f?a?h! Wzili h;‘a'?s tiibei Q\axiwsm{.iml ik :ms{‘?t‘ﬁa‘he %WHH*OQ A& meee FR 0959435
filed January 73 08 These devices have their limtations in

terms of thelt agqm?l;ew Mmerﬁ Qﬂ%ﬁ&\!\ﬂ'ﬂwa{?ﬂ mapvfactyrgnandyt hei r potenti al
for | eakage at pressure. hr use of separate conmponents such

as bags anqigp9g§g91t nﬁg@cpﬁ£dgH55q3Qagmgnd placing themin a manifold
still Ilnlts"One e pressures at “Whi ch the device may be run as the hag

and of ten tubes % {Km%ehssx?n&&gm&' ¥ RGNk LY. TR oved by the

use of the ell or en nore accen u In the system

Using. only N g t h ys Lnf, .ng portlons of
t he bag |nf“ ?ﬁé‘“ dﬁhg&“‘ @?ﬁg“iF‘&tﬁ Giﬁ Q%&ﬂ@ |ﬁHer sﬁrsgtes hi this

i nst ance, en 1 e LS. e apount  of
pressure t éﬁ*@éﬁ&hﬁsng‘ﬁﬁﬁﬁddﬁi?é %T“““&““‘ GQ ““”f “}‘éziﬁ conponent s

QF

en usl
such as tubes c‘nnected S th[o ﬂ | as t| wel ded to the
ba.i4 one HaE™Y mﬁeéﬁ“ﬁi%ﬁgiﬁg iﬁ?ﬁﬁ%g Eﬁﬁ“ﬁ‘éi &Egtﬁ“ 608“PAgU|d tight
seal between nllijhe %ng onents, nmost often .a leak wll occur where the
tube is sectireletee PHOTBATS Wi PHARTS SFa VI b@ H&“ﬁétisi pkitich | eaks
fromoccurring and runnin he stem at hi gher pressure and.exacerbate the
|l eak I n soﬁe“gﬁsﬁﬁﬁé@%Ofm%ngﬂ&\ SX\m»Exz“%s«&g&“mAE@gﬁixs%%wﬁéhn‘

pidy & bag and formaing the Suid pathways by mflating portions of the bag nte the
chamels formed Ba the mamifodd nner surfces. i this inmtance, e sead betwenn the
favers of the bag Bty the amount of pressurs that can by ased. Adkhitionally, whan
asing Individual components such ax tubes connected 0 bags through a plastic port
welded to the bag, one s to deal with obtaining and maintaining a good bguid t,ait
seal betyeeen all the components, Most ofter # leal will ooour where the tube i3
secured to the bag, The mantfold devices doy not stop soch leaks from oocurring and

ranning the system ot higher prossare amd oxaoerhate the Jeak bn some malanoss,

2%



WO 2012/ 003185PCT/ US2011/ 042188 [ 00091The present invention pihvides a d
ffemdc,,,dix for fortrniti=, disposable pathway that is capable of hol ding
and openiwongi2aw3tssgh pressures and elimnating the | ealksTiusat11me18®©ccur in
ot her assenblies. Summary of the Invention 00] Olne present invention

provi des ajidigposabl &ny prgiedh: Bihawiopatiidahi cilfifcly dtvBelidr fomaibia conj uncti on
with a clamshell or manifeld system provides additional pressure

r esi st ancedifiatidh@uicispas ablenidem ieainglan@Oderhildy aighiprstorandadi nent, the
device is conprised of a first sheet of rigid plastic material and a second
sheet of phiashdiGy Mkl biakmEashusheeter Rasmidasfirst major surface and a
seeond. . mgj or surface and a thickness 'between the first and second nmj or
surfaces"At |east one and prefenabl yrothehave flow channel's .funned in
them . The flow channels are fermed in the sheet (s) in manner such that

the area ofwgtde sheethvhere: hbhaubh e chaniedsqak BuufiRunmd extend away from
the first major surface of the sheet and beyond the nor mal pl ane of the

second IMaj @Sl ,,agg%aafwtwha Sheelhe *Thaua‘eimthand Sependashegts: are liquid
tightly sealed to €ach other at thelr adj oi ni ng ?II‘S'[ tiralor surfaces, in

t he enbodlmn;zrﬁMggg&@agh}asgmgg;‘ :}gpmaﬁl ns a flow Channel, the flow channel s
of the two sheets are aligned and I1n register with eaeII (Abet . One or

more fi tt|§ngfsyare segw &d én%&hﬁn't"‘?é{! &hroael o(xéx)m%tnfa% QQQ:% ﬂ"fﬁﬁture two

liquid tight seat ed sheets so as to funct as an inlet, ou“t et or other
port: for Lhe, syst Sﬂ}m(aQQé'n%)f L @889%&!“&0 AJEEQ&@ haha G V I's conprised
.cHf a fi st Sheet cmaterl a secon eet of plastic

material . Each. sf eex&&@%% t# Em.&,ti Secong&e\wasﬂ iy 3 s&%a‘@o?r surface

and a t hi ckness béatwe m or sur aces th sheet s
have fl ow Qaiha&r\]elusf SJSY d{thé%d{t *Sm\\iip t‘ {0% L Ei?’sf%,n mﬁi FEH] %Wf ﬁEd M t he

sheets ina manner suc e area o er'é“the now
channel s are thrll, | ed.ext ends awa .S (% surface of the
sheet and "\“‘7@"’*‘2@‘1*‘27%5 °§i§5‘b ? USSH {i/‘ééfﬂ‘é‘% Sudd' et ne B R XHE

whers the fow chavsely are formed oxtond wway froan the et nudor surfios of the
sheet and bevond the normal plans of the seoond mujor swrfice of the sheet. The first
ard second sheets are Hooid Uebtly sealed to cach other at thelr adjoindog first majo
strfaces, T the envbodinsent where each sheet containg a How channel, the Hlow
channsds of the twvo shests are sligned and in rogistor with sach other, One or more
fittings are secured in the fow channel(s) af an edge of the twa Hguid tghtly sealed
shests 30 as to function as an ndet, nutlet oy ofher port for the system,

w0 I g second emhadimant, the device ix comprised of g st shost of
rigid plastic material and 3 second shest of plastic material. Bach sheet has a first
muajor surfes and 3 sccond major surfice and & thickness betweer the fivst and second
mator serfees. Both sheets have How channels fmned in them, The Sow channels

sre formed In the shesty In o manney such that the arva of the shest whaere the Row

chaunels are Formed extends gway froms the first magor sarface of the sheet asd



beyond the normal plane O the second nmajor surfae:e of the sheet, 'The
first and second siteets are liquid tightly seal ed each other at their

adj oi ni ngwbi2zostooamsor surfaces. The fl ow channel s of thecTws2ahaer1ss ar e
.aligned and in register with each other. A tubing is run in the flow
ehannel s betweeR: thewt Makrisheeksidant Qg QLT uuke: Thi:titd Rgs are secured to
the tubing In the flow channels at an edge of the .two liquid tightly

seal ed shegt&uSQd@sut 0qlil gl QRsiasy@BcH (thQty (houbdiShigr-Qbar port for the
system [OWB.1h is an object of the present invention to provide a device
i's conprisgeuak Bififstnsheet iQfrabisgicth B asthCaiBh eftal «and.@ second sheet
of .plastic Material,. each sheet has a first major surface and a second
maj or surfage andia it hickRestbhekweendde, bisel and secand mmk or surfaces
at |east one and preferably both sheets have one or nore flow channels
.1-Ormed {0, d:8Meckb8  f hownphanne s« Ak 8 L RLIB 4R o f e nsheaki (s) in a
manner such that the area of the sheet(s) where the one or nore -flow

channel s are.f armRd,ext end (ay; LLom (e LUESk o8 Q% SHELacg.0f the
sheet (s) gn‘“t‘f"bé*yo%nd*}%*h"e‘ “nor ma "'“ﬁlnaihé 511 the s}eéond&ﬁajbr“s'hrf‘ace of the

sheet (s). pheyfirst and,sagond sheels: BLeubh tHidybi gty jseal ed to each
other at their ad joining first ] or Surfaces and one of more fitti ngs are
secured in the flaow.channel{s)at an.edge of the two. |liguid tightly sealed
. Sheet s so‘"‘}éi%“f%g ggﬂ% ‘i"%‘ﬁ"" ‘aéé%“ %3?{? Q}f’%g%f Be ”‘d"évi%?:‘i‘e"}év“Ot 00;(11‘.“3;;’11 t is an object
of the present .i nvent rovide.a device of a first sheet

. gt Lonh smiicf}n:s 5%*" mgif}r mrﬁwe R K.u‘Hltﬁdli\}s@(g“@sr‘dk%%q?* 3.
frigid plastic material and a Second sheet  of plastic, material, each sheet

has a first. major surface and a second major surface and.a,thigkness

bet ween tﬁ’““’p‘i‘?"%"%{}‘f‘“?ﬁ‘ g*s%‘ég‘ﬁg “h;éi“gf’““é"ur“gg“lé‘é‘s‘ﬁa‘t%:‘ll%%ig?‘%bzﬁie‘“gahﬁg’ ‘}g}l'r(ef erably
both sheets have one or e flow channel s farmed in them the 'flow
channel's ar&™ Grmeds i“n“v“t‘rgg‘*[}%}’f %’f“‘:%‘j)mieg “é&ﬁ‘é‘n*ﬁg%}%dg”’ﬁ““fér'igi%“ PhEarea of the
sheet (s) where the one or nore flow channel s are funned extend away from
the first F&SOrCSEHFAE BT 8 Vg ﬁ‘ée’f‘fc‘éﬁ Eéﬁ’@‘fi VOE U HE HOPRBI pl ane of
the second maj or surface of the sheet(s), the first and second sheets are
ri g/ di dsealBUC o anEh SR&F S TRETTTRI0TR T§f PFEES Naforesilr fites, one or
guire pieces of tubing are in the One O nore flow channels pbetween the two
sheet's and™ 8! B "BHEr PR RGEAH S RISHTEE of B HEYEUBRAG P t he f1 ow
channels at an etine of the two liquid ttelidv seal ed sheets so as to
function ageadpbets FohupfEsilidevste CROMBR fei sdantgh 88t the present
invention to provide an enbodi nent in .which each sheet contains one or
nore fl ow seHasmersoand rrrelREOW: ERaNAS! §° pw thaintivg ssHests e al i gned and
in register with each other, [00161lt k an object of the present invention
to provi devg devitgdtinheidishestshe as to funting as a port for the device,

SR it i an obisot of the prosert invention to providhe a deviee 8
comprised of 2 Hrat shest of rigid plastic muterial and 8 second sheet of plastic
material, each sheet has a fiest nugor strfee and a seernd major swrface and a
fidokngess betwesy the fest and sccond mujor surfaces at least one and proferably both
sheeots have one or wore How channels Smed in them, the flow chanoels are formed
i the shest {s) i 3 mavmer soch that the ares of the sheet{s) where thy one ar nuwe
flow channels are formed extond away from the first major surface of the sheet{s) and

pevend the novmal plane of the secrmud paajor surface of the shest(s), the first and



first .sheet has one nore flow channels and the one or nore flow channels
have a. cross-sectional profile selected from,6the group consisting of

. sem - ci rwbeas12/8ar85- oval s, squares, .triangles" .rectangamgiSes/042188

. sem - hexagonai s and. sem - polygonals where p equals the nunber of sides

of the pol yganm angk £ iL00kFL tbswaniobieat 1ot «jibeipresentor nvention to
provi de a device wherein the first and second sheets have one or nore fl ow

channel s i f:-tHemand i:Re:QRe OkLMMLE HiHQW:CRaRAR! Brhaye:d 1ehags- secti onal
profile selected fromthe group consisting of sem -circles, sem-ovals.

squares, tg angess swd SRLARGRANGHES we S8 hajt ABRLEAS raRdhgeipol ygonal s
where p equal s the Runba of sides of the pol ygon and p>4. 10.0181it is an

. obj ect  of ,;Lhe R BN o] gQé{sQf%t L@Nebi0) qREQV, deaudevi £& whatekn the sheets
are made froma plastic selected fromthe group consisting of polyolefins,
pol ycarbonates, enoxies, fiberglass reinforced thernosets, carbon
rei nforced thernosets, carbon conposites, polystilphones and

pol yet heri n@hfkes 201AY Ly difec@le agpt;%gtv tﬁa{w@ PLESE0L, ktg«meﬂé;lp E to provide a

devi ce mherel t he sheets are seal ed t oget a nmeans

sel ect ed fr@ﬂ}te{sggg{%w ewgt,a b, 0,201 &éﬁ%@%@ﬁ’%{&%%ﬂ 042188 of

heat bonds' g, fon we g, ‘heat staklng sol vent
vel , adheg&we e {ﬂnpn nu ngxbplﬁgﬂﬂ g the like, [0020]it is an () Neer
of the presen STV Rt on to 6‘ a‘ eV|ce haV|ng one or nore hol es

t hr ough o f the fi rst QL. S& ,\mv S \ Jocat,on ] one or
nmor e flom/ gﬁnels and” H' % eﬁé ’Rbb. n\ﬁh‘ ?3§H9 ﬁ““f?égﬁwﬂgg” t he

openi ng. first shoet has one more fhnw channels aned this one or more How channels have a
creas-sectionat profile selocted from the group vovsisting of semb-circles, semit-ovals,
scuaares, trfangles, rectangangles, semib-hoxagomals and somi- polygonals wheve p
eopealy the nunther of sides of the polygon snd p» &
[ 7 it {s an oblect of the prosent invention fo provide 3 device whareln the
{Teat angd secomd shoets hive oneor more flow channeds i thenr aud the one or nuwe

flow channels have g vross-sectional profife selected frov the group consisting of

semi-circlas, semi-nvaly, squares, irlangles, redlangangles, soni-hesagonals and semi-
polvgonals whers p ogquals the number of sides of the polygon and pad
f001S] It is an oot of the preseny Bvvention 1o provide 8 dovice wherein the

sheets are made from a plastic selected from the group consisting of polynlefing,
pobearbonates, sponties, fiberplass reinforced thermssets, carbom rein forred

thermaosely, carhon vompasites, polysulphones and polyetherimides,

16019 it s an odiest of the proseny Bvvention 1o provide a deviee wherein tie
sheets are Hould deltly sealed together by a means sefected from the group consisting



[0021liit is an object of the present invention to provide a device having
OM or nore hol es through one of the first or second sheets at a | ocation

over the woeomoodsse fl ow ehannel s, each openi ng havi ngpraTalsasitionEss c seal
formed therein and a sensor being liquid tightly attached to the opening.

100211t i Sy@RaORhee tiQfsokib @ RNES OMbwinh RKERL RA-LG:RE QWivEe weatidevi ce havi ng
one or nore holes through one of the .first or second Sheets at a | ocation
over the OR@.Qle:MEEyf hawachannelswe ausensor being liquid tightly attached
to the opening and the sensor being se/et ted fromthe group consisting of

tenper at ur gy €Ssur @i GORAUG L Mk bisent LOWHRAGE, PbhiS 8RS Shavink N HE DRAW NGS
[0023)Fignie 1 shows a. first embodi ment in cross-section view.

[0024] : Fi gyr.g. xR @M@Mben gt nerhadi ARt 0 £ L 8ih AR 4 AL Vi ew.
[ 0025] Fi gure 3 shoms t he flrst enbodi ment of Figure | in a second cross-

sectional . . \ulGW W08 Jlitt b 4 &E?ﬁé%‘%ﬁ %‘\LQQ%Q}@ QW& ﬁeiiA F shows some of

the various cross- sectlona profi[Fes’ of Tow chan s7of the first

enbodi ment b 4027) Fi gur & 2.:8h M8 Lhed L8 mhodi e il Rlanan. vi ew,

o myore holes through one of the Bt or second sheets at o location over the ong oy

mcre flow channeds, each opening having v elastomeric seal fromed therein and a

sensor heing Houid tghthy attached o the opening.
U it §s an obiset of the present Invention o provisde w deviog having one

e more holes through one of the fird or second sheots at ¢ loeation over the oneor

more How channeds, 8 sensor being Houid tightly atiached 1o the opening and the

b

sensor heing selected from the group consisting of temperatare, pressnry,

eonductivity, How and pH sensors,

IN THE DRAWINGS

o023} Flgure 1 shows a first ombodinsent in oross-seclion vig
(24} Figure 2 shows the first embodiment of Figure T in planar view,
U Figure 3 shows the first embodiment of Figure 1o & second S

sectional view with g Sting stisched.
10026} Figare 4 ASF shows some of the various eross-sectional profifes of

the flow channsly of the frst smbodiment.

B Figare 3 shoaws the first ombodiment in planar view,
{06281 Figures 6 and 7 shonw a sengor port of the presont fovention i ross

SECHON VIS,

LR Figure & shows & secrd embodiment of the preseat wmvension.



[ 0028] Figures 6 and 7 show a sensor port of the present

enbodi nent. [0032l are 11 shows a third enbodi nent of the present

I nvention in cross-
section view [0029]Figure 8 Shows a second enbodi nent of the present

i nvent i orwo 20\/@8M12/ 003185PCT/ US2011/ 042188 [ 0030] Fi gur eCc¥/utshamw4H8second
enbodi nent of the present invention, 1P03.1.1Figure 10 AF shows s91-110 of
t he vari ougwigr oss- seeLnﬂmaku@n@Lmt@&nﬁﬁahh&atk@wmghﬁnﬂ&hSwof t he .second

i nventi on.

[ 0033] Fi gupig@sfli2 showsi@:d QU Fhherbagicn@aite «QhintheossREEsRNbeditvent i on.
[00341' Figure 13 shows an enbodlnent and second cross-sectional

fitting atgachedsanncis of the second embodimen,

IR Figure 11 shows g third embodiment of the present iventing,
J0013] Fignre 13 shows 3 fourth embodiment of the present nvention.

¥

HERES Figure 13 shows an smbodiment and second cross-sectionst view

with a fitling attaches

DETAILED SPRECIFICATION QF THE INVENTION

EEERNY In Figurex 13 is shown g first embosiiment of thy prissent invention.
The devior 2 Is vomprised of @ first angd sovennd sheet of rigid plastic 4, 6. Bach sheet
4, & hax a Hrst major surface BA and B angd a secnnd mggor surfsce 10 & sod Boandd g

thivkness 12 A and B hetwess the first snd second major surfaces 8 and 180 A and B

I this ombodiment only the first shoet 4 has one or more flow chanwels

{4 fromed In

The o o more How channels 14 are formed in the sheet 4 In 3 maner such that

X

the ares of the sheet € where the flow channels 14 are formed extend away fon the

=

first major surfice A of the shoet and boyondy

surfase 10A of the sheet. The first and seoond shegts 4, 6 are Bauid ught

e normal plane of the second major

why sealed i

each sther at thelr adisining Hrst major surfhces 83 and B In s embodiment the

o

o shoets are seglod together such as by an adbesive o weld 16 aliho

oW rbhee
Lig_i) OENST

methods such as heat bondds, sonie welding, sobvent walding, clamps, nuts and bolig

Tt

and the fike can beased instead,

{11361 e or more ftings I8 (Figure 3) ave sovured in the flw channelis}
14 gt an edye of the bvo Hoguid delily sealed sheets 4, 6 so as 1o fanction a3 8 port R
the systemy, H desired a hosy bueb 30 can be used 1o secure the Hilting o the tubing 24,
Adternativaly, sne can sdhere, frictina it or melt bonst the fating 18A o the tubing

g

viewwth a



: DETAI LED SPECI FI CATI ON OF THE | NVENTI ON [ 0019in Figures 1-3 is shown a
first enbodi mnent of the present invention. The device 2 is conprised of a
first andweeemmu3issheet of rigid plastic 4, 6., Each sheetr/us2016/0mmss a first
maj or surface 8. A and B and a second tritajor surface 1.0A and B and a

t hi ckness 312 pAgand:Bibahnesn.ripes td st wabch sBeondgimagorroant faces 8 and . 10
.Aand B. In this enbodinent only the first sheet 4 has one or nore flow
channel s 1dgbs otk fisnd to hdiNEG 1ROR! O POE eudded s ehannel Shildkhave formed in
the sheet 4 in a manner such that the area of the sheet 4 where the flow
channel s /w4 ak@sfoiinRe: i8Xhiendtanays § nom ¢ ,tlaat;fxmﬁst afRjsaftgtehace SA of the
sheet and beyond the normal plane of the second 'nmajor surface /OA of the

sheet. Thegfl 8 t::andn80cend: ShRetShdind: ahB ohivgubshili ohbhyeiseaked to each
other at their adjoining first .major surfaces 8.A and B. in this

enbodi ment gt.he; t;w\&§hggt§taa{&;}$@@t@d atoget her such as by an adhesive or
weld 16 aIthough ot her net hods such as beat bonds., sonic welding, solvent

wel di ng. clagps, nutg;and; @-@l\atstw&agm B8l k@»ﬂg%«h@ dsediinst ead,

/ 0036] One or nore |iningsl8 (Fi gure 3) are secured in the flow chatnelts)
14 at an edge.8b:e t;be;ytmbtduﬂuwtt gmt yus @&&Ls@:‘ét@t@{e&ﬁA:m@»és%aﬁs to
function as a port for the system desired a. hose rb can be used

to secure t 0 d 2( . JV Q dhere
friction f5 {1@\ a§ t?\ Li&l gp@s#enbt?t thli n\gz ii'g’% @”E) é& texutlflmﬁxgﬂﬁx @Q% 1

2012/ 003185RCT/, Sg AHARIB8 2wl B s Bl 5, %ﬂtqsﬂx PR e EioPor 10 TS used

to fbrat a |nT Sea) aroundthe out si d fi ttfng sothat al |

Wg;}dbgy;t%p ftégtgtwgtgtz 43 0POLS 2o gtjtr\ﬁ}hgmwh e efpodi ment i n

have a C nel” descri OM/ one can use a

simlar device in the embodinent with o 1¢ 14 roed in one
sheet 4 orPE'HE *}d‘esﬁi‘?"t‘”“t)é“'éfé SEGTET IR HGHT m"{m“ Ad- ﬁnh“ FEO3A R Gl e 4AF shows
various crQss- segt} Pro f}l}l es gf the fl ow channel of the first

embodi ment VB8 &R &R 1i 2 HEWE f‘e‘és sect i onal profile can be a sem circle or

sem oval as shown | g 4, A ang I ectl vel LY Alternatively it can
be a tri anféfé‘\l(4 1), “\”E bt 80" I éfléh “(‘h"‘d“ %‘r‘“é’ WUHETF of a pol ygon
having 5 O, nore |de “K not her V\@X |t can he a. - pol ygon wherein

t he nunber® 61{“1“5“\&% g frmphis *E PEgRr O S bt BN En AR iﬁ“‘“ ES'HRfks of these
include a semni -hexa onal profile as Shown% n 41) and a sem -octagon in 4E. .

r 0038) Opt i ‘BRETIep. A4 S‘ﬁ%\?\ﬁf“‘l‘f‘l OB GUrETS § HE BVICETIREY WAVE¥She or nore
chambers 20 also fOrnmed in the first |ayer that can act as mX| ac,

filtrati on"di WEHFAGEEHRET HErE ?‘“MHWF%WQ’HV fagles sREWRETR Fi gures 6 and 7
the device may have one or nore boles 22 fornmed in the one or nore flow
channel s 4¢epsrs fisb sabpadhvi M BRITENEBF e seficayiy. Nogenf §H ¥ enper at ur e.
pressure, conductivity, flow and H sensors or for filter capsules such as
Opt i capl h dithe Bikes capales ah a2 PrioweMiikpporisbedrpobatipon ‘\@fr“*f‘f’ét} ffttings such
as hose barbs, Tri-Covert clanps and the like so that 'fluid in the system
can be redir Gginedsich sotebutiedidelsvor dousrndRs i sndeddd! mhese hol es 22
may be formed with internal screw threads, el astenmer seats or other such
devi ces t dyysibheahbguildeseburimgdotcet helvsdngor.spedeid] Thaps briesfditsding. i f the
sensors are disposable they can permanently secured by adhesives, solvent
wel ds and #hertideeizh Bptizbrahd yyefloritvhoseussensotis:r tvhticdosdotiineed to
contact the .fluid directly a plastic filmor nenbrane may be seal ed across
t he oneni nigptidsc-ofm o st sensol, gt guivdng [ight schany ire dis(amotic Showe) |

permanently seoured by adhestves, sobvent welds and the Hice, Optionally, for those
sensars that do not aeed to contacy the fuid directly o plastic film or memiwane may

e seated across the opening to form a storife Roguid tght baerter {nod shown),



| 00391Fi gures 8 and 9 show a second enbodi nent of the present invention in
whi ch each sheet has one or nore flow paths 14 fornmed in them in this

i nst ance wot2hi2zgloemsss have the one or nore flow channel spPCTAISb@nmezisg n each
sheet 4, 6 in a manner such that the area of the sheets 4 and 6 where the
fIOM/channEmSﬁl4 ar e Fiarertdnertiend: away fxiainutohel the prstenmjaniosur f ace 8. A
or B of each sheet 4, Sand beyond the nornmal plane of the second nmjor
surface 104 @ik Bopfheeaahasheatordlnd walk ef Brabl i tihe 1 lownakhaanel (s) 14 of
each sheet 4, 6 are mrror imges of the other so that when the sheets 4, 6
are joi nedudrhenct u &H@d&tﬂ?«ﬁ\%}m&&s@f.h‘,@.a@,ﬁl_$h@se§d #eadh @ee 4l Ryal | gnnent
re.nster with each other. [0040]:-..tgure 10A-1F shows vari ous

Cross- sect honat sk ofl heseby t;beﬂ{»,qw;}qktaﬂn&l hofiol bResec 00gk: semRadi ment . For
exanpl e the cross-sectional .profile of each sheet can he a .sem circle or

sem oval as.shawn; szﬁ‘e ih QW Bajed Qo@D os Bol QSPEGE W 8l:y b&k&g&;x«, Itatively it
can be a triangle (10 F), tt square or rectangle (10 el or any half of a

pol ygon hayi:ag @.@fus ﬁ@k&@lﬁ%ﬁﬂ sﬁman@t}hﬁrm@x kfeeCRR. PRiGubiSeR - pol ygon
wherein the nunber of sides of the polygon p is .greater than 4. Exanples

of these ipgl E‘;@Es;\% l}f?ﬂ?e&bﬁ@f@%@”@'wa‘p&mn @80 SQQ\Mb Bidas Q) @pd a.
seini - octagen In While the cross sections of each sheet is shown as

bei ng i deng (;aIQ { Qo lhe.of b eel VJ‘}V\(QI,k sk lhsnd Syt he preferred
met hod of dh(l%l ng {sg{ §‘{]@§ Rs %étg c%uf{é ﬂ} géé%ﬁ%d ha‘ve“3 élﬂ"f%%?eﬁm
Cross- SeCtJE’P@thI iI\,}(gs,r [ 00411Fi gure 11 shows a third enbodi nent of the

present invéntion. i's enbodi nent the plastic sheets are ./Oined as in
Fires 1-3 miih one shen Laining the flow ehannel{s). .flexible

t ubi ng 24 @bgﬂ as a rﬁb‘%!eﬁfgg}ﬁ f“\g* efini et ’h?(?’ i %e“r?teorE ito the flow
chatinel (s), 1,4 belbre gets 4 .5.are att gh d. ch other. Such
tubes are B k%l& \ mp%:hhmumd?ast Mziﬁd, i z ?\\—Lig ﬁle;;*g'u\f?écgne

polyethyle 'Ml C—Eelt Y ke. . lf:desired the
t ubi ng ﬁi?‘) %(é 63176&?1@‘@“ ] “f’ra\/é{j%{tﬁf SRENSHt such as a
braid of : g ass or rret“a 1.9, 8f d addlglonal Fz{§ re r? %sgance toit,
100421Fi gu% EHBIVEROWETAY AR RT bind SHF R OF *é‘h ¥ Rvention, In
this enmbodi ment .the plastic.sh etsg formed as in Fi &sj89vmth each
sheet 4. 6PLBHEAFHPHG Ot REH By BHARHET Fay T 18 bk PRy BEe PIBFRg 24 such as
a rubber or

the nurnber of sides of the polvgon p iy preatey thas 4, Examples of these fnclude a
semi-hexagonal profile as shown in 1 and 8 semiboctagon i 10E, While the cross

sections of each sheet is shoven sy belng Kontioal o that of the other sheet and while
this is the preferred method of doing so, the sheets could i desired have different
eroms-sactional profiles,

{a Figure 11 shows a third smbodiment of the present invention, b thus
embodiment the plastic sheets are formad 3s i Figures 123 with one sheet conlaining
the flow chavmel{s) T4 & Hexibly tubing 24 such a5 2 rubber or polvolefinie tube s
nserted o the flow channel(s) 14 beforg the two sheaty 4, 6 we attached 1o vach
gther, Ruch wbes are well known in the industry and muy by made of silioone,

polveshiviens, poly propylens, C-Flex® polywoer and the Hike, If doxired the nubing

&



.oiefinic tube is inserted into the flow channel (' s) 4 before the two
sheets 4, 6 are attached to each other. Such tubes are well known in the
i ndust ry woadorvmyisbe made of silicone, polyethyl ene, polpgpruspylemass
C-Ftext.K polyner and the like, if desired the .tabing may have
r ei nf or cengsat bsyehn@Sclolr@bideof trdill bEfigh@ss voruhetal sddiadd addi ti onal
pressure resistance to it. [00431Figure 13 shows a fitting 18. A in the
t ubi ng : 24p¢entatnedewkddhin the flow channel 14, |If desired a hose barb 30
can be used to secure the fitting to the tubing 24. Alternatively, one can
adhere, frigetion fit pafwel HRORkRntbiRLRG R Otibentisbingis24” Wil e
shown with the enbodi ment in which both sheets 4, 6 have. a channel 14, one

can use a ghifdaf: d8WEGE: iRet he wrhadk nEntuW 4.b «onlyctasshanpel 14 fOned in
one sheet 4 or 6, 106441The sheets can be nmade froma plastic selected from

the group coRSkisd iBG e Rl okehinpshicpbingdy £anboRal R8her@poxi es, . fibergl ass
.reinforced t hernosets, carbon relnforced "therins-Riets, carbon

conposi t es;y gqtgyg tbgpgnegﬂamtﬂg ss,e\t hz%lz@l da8 hef0045) T08..Q08 Ol More - f1ow
channel s can" be formed in the rigid plastic sheet(s) in a variety of

manners, L RANBLR dilr R0, tz;%uvs@&uwhé QUTES LY RECRA LAGhAnspakter n of

thenOM/channe] con |gurat|on on a nol heating the plastic Sheet until it

s sof tandytNen ARALYLDGBor REHUT.FOE B RLARLIG. BheRbsRuaR to pull it

agai nst t he' att rn and o ‘he channel ’ conf |gurat|on Alternatlvely, i f

the plasti ¢, thi ek en ?ﬂttntmmattpq 1 QLIBH YL EOVE0g e BhRSkiC Tn the

areas of the desrre h such as by
2012/003185PCIQU§2Q;} g4gl88 router or a CNC in Wng. nmachine,: a |aser or
chenical et'&Rifig " 1h -another enbodiment,. the plastic is melt cast or

sol vent casf, gver a Ltern contai |t ern, of - the channe
confi gur at 'O (elthe?%§ é‘& “ftlv“‘qgﬁa h%g%?mwégf“ttetwsimgﬁe it is

al l owed to_,coo vaporate the solvent. tu§ psels, & simlar process
may be useH %t “?He% ?ﬁé“ﬁﬁ&gt“‘§ 1% H“t6“3 g€ %? K& nst the
pattern to _form e devtpe [Op4¢61 The‘h&h”‘ ﬁ forqed as part of

t he procesémb$ ﬁa THOERE SREat SR TeHE WHE e S HEdt ‘e ‘Cast or they

may be .forned after rd such & illin ser |n the hole in
the desired®F6¥4ti wﬁfe@%?ﬁ%h eF%PW&@WRWhg“F&B“ Héefs g 9hgned and

securely held together in .
chanuel 14, one can nse & siniby device in the embodiment with smby a channel 14

formed in one sheet 4 or &,
{044 The sheets can be wmade from 2 plastio selerted Trony the group
consisting of padvolefing, polyearhonates, gpoxies, fberglass reluforced thermosets,
carhy reinforcsd thermosets, cirbon compendtes, polysuiphones snd polyetherimides,
FO04 53 The ooe o move flow channels can be foomed 1 the righd plastie
sheet(s) In a varlety of manners, For example it ean be vasuum foemed by preparing a
pattern of the Hew chrwmel configuration on 3 mold, beating the plastic sheet smil 8 &
soft aud then applying a vacuen fo the plasio shoet so as i pull B against the patiern
and forns the channe! configuration. Aliernatively, 1 the plastic thick encugh i may

b forned by remaving the phastie in the sress of the desired fiow path such as by 8

P
Fos)
s



a liquid tight manner. This may be acconplished by adhesives that hold the
two sheets together, or by solvents that selectively dissolve a portion of
t he adj oiwongizploassi c of each sheet and wel ds the two t @getusesiias2ishe
solvent is evaporated. Heat sealing and heat or soak or ultrasonic wel ding
can al so beuissed; Chasenmheandhheatiapl atceasicean: g, usedibomit-hesdeat wel di ng.
Al'ternatively, the two sheets can he secured by clanps around their :edaes.
This may ifesoeR: & BSHARE S NEEESSI dval £pdibBe MERIeT: B RREIpREkalowgas ket .

Li kewi se, a series of nuts and bolts or rivets, optionally with a

peri pher al cigask et tanqbe us8d: i dusealorhihey §zh§§£t§nh@@& RetiowbPRA8] At the
.edge of the sheets Wiere the flow channel exits or enter the sheets, one

can mount  @yf bt LGk GetDR-QPERING LR 2L LAWS Qhothgaatd achimNnte . Of t ubi ng,
filters, and other such ancillary equi pnment. I n many instances the fitting

can be an . L;@%Ltzrl{\%{\w%ﬁft%! aly: bhaknls ;@gswls%tx?sﬁtmlix@§$&% and held in the
flow channel as shown in Figure 3, Optionally, it may be retained sinply b

frictiopofét. betwgenoLhe Laner dhamRbet oohe bhe.thoyuganael and the
outer di améter of the |tt|ng,. The use of adhesives, eat or sonic wel ding

| vent .., Y @lSQ, . denendi.ng.ypon..Lhe.: |
or solvent . wel dkng JL.& &Y oals %Stbt’%saL'@@%F depenal PQ&EE?Q»%A& GolRLeri a

sel ected. AS Shown in Ei gure oW channe nmay be formed with

WD 2012/ 00 PCT/ US2 !s 4 . a.hetention device such as an undercut 100.
Wi te shovﬁégg grr“ %% f% %':!;%%'Eief SUi m}k ”%UI d be any ot her shape that

retains th J,ttlng eV &8 cor Lo . Lhe pLese thventlonls
made in th@{}%c}l | ow néﬁjﬁnngtlm]E % :’ 7 &}, ““9 di i \“‘?m ﬁ i(??l“*([\}&v F'channel is
charted and,then a d ) ) i netal or wood
hai | round® precas’ % "é ‘p!%c%é‘% FRERE ﬁh{k\' o aiéﬁ}t \t ‘ft%g%partl cul ar

confi guratl on des . fr‘r&nﬁce ar.e a t ached e W t at, ‘suigface such as a
vacuum boat 8" fth*" ‘acﬁf\ﬁ &‘h]“ﬁe““’l S‘i‘“r‘e‘di oF ¥ &tﬁ‘i”éﬁ ¥ the pieces can

be .treat eq el ease a{gwg h as SI ,\cfone or various rrachl ne,
m neral orf t?ebe’t a*bf““érff’s keia X‘e‘é) ('rtaff“ﬁt"éﬁ3 SHYEY ReRBOTEY f6%ensur e t he
nol d does nof stick to the plastic sheet. Alternativel PTFE coati ng can

be appl i ed“t“é“‘tﬂéib?‘éééﬁ““ i 0’@56?’“%\“&1‘3@6(%‘“61’ ¢ Pgrdd grag ‘?‘6% %t a size to fit
the Ward is then either ¥ Iaced over the board and p| eces and Men
heat ed sucﬂ’rﬁaﬁ"‘bv“a“’ﬁéat“ *‘gﬁ’p‘ BrBEat G B PREYDOIESE FE HETS s heat ed
until it is pliable first and then applied to the board. The plastic is

cl anped i npiaBe wpid ANEEcam 1S TEY TR FRESHIY BHPY PRasti c. agai nst

the nold, The plastic is cooled and .rel eased fromthe board.
nevipheral pasket, Likewisg, a serivs of nuts and bolis o vivets, optionaliy with o

peripheral gasket can be weed 10 seal the sheets together,

O84S At the edge of the sheots where the flow channgd oxis or enter the
sheuts, one caty mount a fiting to the opeaing o aliow for the attachrient of tubing,
fiers, amd other such sncilary equipment, In many Instances the THing can bean
shastonner material that is stmply compressad and beld in the Bow chaonel as shown in
Figare 3. Optionaily, It wiay fe retained simply by a friction It between the ey
digreter of the How cannel and the cuter dametar of the fitting. The use of adbesives,
heat or sonis welding or solvent welding may wise be osed depending upon the

msnterial selected. Ax shown In Figore 13, the flow vhannel{s} 14 may be formed with



1005 I..)If only one sheet is to contain the .channel(s), it then secured
to a fiat sheet of plastic such that the channel (s) is fornmed at the
i nt erf acewbebmesisshe faces of the two sheets. [0052]If pomtus2@hmetiss are to
Contain the channel (s) either a second Sheet is sinply nade or if it is
conpl i cat edlrsgensec dnd:enpdithswh nedera | #ioighitehBodi pst regiverulss undoiypriocal to the
first) is made and a second sheet is fornmed in a simlar manner to the
first, [O0058kThewsatie: thppethafcinok thedabe used with plastie that is forned
from nolten material which is poured over the nold or fiberglass or other
conposi t es{tbyst WO 20 124:00:3 :35RGH S201d4:0421:880n antii bt tiknagret he sheets
over the noi (and using squeegees or rollers to ensure a good nol ded
surface, [&6uh4 dAnother.aptdoe takingdihe:tdes £ des ateold 8iioRdat rout out
the cane 5) with a route:. device or CNC nachine or taser or chem cal etch
as doscri | g abevRying ot mem% ar wood halt round pleces, The pleces can be beat or out

t the particudar configoration desired. The pleces are atlached to a g surtacs such

as @ vacwum board o & vacuforrs machine, WWdesired or reguived, the pleces can be

rrestod with a rebease agent such as sificone or various niachane, minenal or vegetable

oily or waxes (oatural or syathetio) 1o eosure the mold dogs not stiek to the phatic

shegt, Allernatively a PTFE coating can be apphed o G pieges.

SO0 A& piecse of rigid plastio of a stee 1o 111 the board w6 then either simply

placed over thy board and pigces and then heated such ax by o boat layp or heat gan

or the plastic sheet iy beated ontil i i plable fivst and then applicd & the board, The

plastic is clampsd 8 place and 8 vacuum s depwen (o pall the pliable plastic sgains

the mold, The plastic s cooled and redeased frovy the board,

RS H only one shest {5 1o contaln the channel{s} { ther seeaved tooa Hat

sheet of plastic such that the channel{s) iy firmed af the interfave between the faces of

the teen shents,

§G05Y i bosth sheets are 1o vontain the shannsel(s) oither a socomd sheet i3

simply made o 1F it is comphicated a secomd mold which mirrors the Best (e is

reiprocal to the Hest) B made and a second sheet is Tormed B g Smilar manner o the

first,

(0054 The same type of mwold can be used with plastio that is formad from

molten material which Is poured over the meold o fiberglass or other composites by



[ 00551if the device will contain tubing it is inserted between the sheets
before they are secured together, if no Separate tubing is .used, the end
fittings woeopaosrsed bet ween the sheets before or duri ngCriuseoitijoexisar e
secured together. In the case of no separate tubing being in the channeks),
one nmay wartantocwashthorsbhosh tdreciehanni tsing kobekder o wdes toes@mave any

rel ease agent that nmay he left."Altematively, this can be done as each
sheet is ngdel m{@0b6}@nce the sheets have been nade and secured to each
other, the fittings are attached to a supply of liquid and a neans to hold
t he process$@diimat eri alnosuchetsd ahiag the.cbainkis angghthe dui ke. The liquid is
run through the char/ricks) and treated such as by a filter that is in line
i n the devigenclVibihatoubrSioabais R tiachine or laser & teMiceesgoprising a lirst
sheet of rigid plastic material and a second ..sheet of plastic ntaterial,
each sheet dehaseddhafd rst major surface and a second mtior staface and a

t hi ckness between the first and second maj or StlrraCC, at |east one of the

first and geeond sheef §ehasc:0ng OfARLEE] ;Iaesw\qxh&nae\lsanf«m@?%a\therel n, the
one or nore flow channels are fornmed in the at kaSt one sheet in manner

such that theran8arofcthe]sheat irwhehexd heinfhaw.ehanaglsiat &.f or med extend
away fromthe first major surface of the Sheet and beyond "t he nornmal pl ane

of the secqnd-ARbQtesHE£iR6E vofid HeLSREREe BRME he W hhikatuand, gecond sheets
are liquid tightly sealed to each other at their ad10|n|ng tirst major

surfaces. cuueof r:w»g;[@‘%s:@ﬁ\?ﬂﬁqﬁ'ﬂgfmg»a&k\fi@“l ;memwhcml L8 ANd g3econd sheets
have one or nore flow channel s in them devi ee of cl ai m wherein

the first and,second.snegts,fave »\9@@&& Lo DORE o QW bams\lﬁu'a\ ahihem and the
fl ow channel's of the two sheets are a |gneé an |n register "W h each
ot her. Jhe.devl ge.0f chaimfin-ther conprising one or nore fittings
are secured |b‘° J;E = ei%o% {éﬁarf%él at an edge of the two I|qU| d tightly
seal ed sheglsy The de ﬁlkgﬂey

§'is.i. p&:iﬁ!} m‘i%" ;»m{l Riiel s{i 38 i‘ﬂ. ?]r St Sheet has
one nore -Tlo channe $” an one N "?TOM/ch“ he1s hve a

cross-sect j.onal . pr =l ect ed. fr n1t e ‘ con5|st| of . semi-circles,
seni - oval S! R ?f A 19 lkt %raiiznié{ i (? e gﬁ@é‘h‘“ ﬁ"i’ ’ﬁicfmsﬁe‘ﬁ’f“\ I Y ial s where p
equal s the_n ygon eV| ge of claiml

PSR L 3 S éiﬁan%r ‘ﬂeéﬁgfﬁﬁm FRBre gp NS IRYLS

aneh as by a filier that Is in Hine in the device,



fl ow channels in them and The one or nore flow channels have a
cross-sectional .profile selected fromthe group consisting of

sem - ci r eWop129@aissoval s, squares, -triangles, rectangargiras2011/042188

sem - hexagonal s and sem - poiygotrals where p equals the nunber of sides of
t he pol ygon and p> 4. The device of claim| .wherein the sheets are
made froma plastic selected fromthe group consisting of

pol yol ef i ns, pol ycar bonat es, epoxi es{ifinber gl ass rei nforced thernosets,
carbon re i“n Rg[g%d thernnsets carbon conposites, poi ysul phones and
polyether|n1|d & i $The device of claim wherein the sheets are liquid
tightly seal ed toget her by a neans selected fromthe group consi sting
theta: bonds, ultra-sonic weldin /i n. i.n eat, staking sol ventt
vl di ng, ghe5|ve§§k&faﬁﬁ§“3hﬁxﬁ%§§‘ ﬁé“b%ﬁﬁfﬂ 9% gﬁd@V““€3:% Tlaim1
further conpgi ﬁkﬂ@&@@ﬁcﬁ%amﬁﬁ&mﬁlB@e&%®y&dﬁmbhﬁhg&&ﬁ@a@@ﬂkamnﬁﬁwln t he one
or nore rovy hannel s‘\%tween he two sheets and one or npre f§| ni ngs are
secured to? tHEBHETEES ‘Fé“‘ﬁ?‘%‘t‘éé‘“bffmf SOTHE P 1 “Bhe! 8 YHofE L flow
channel s ate:afi @dgen@font BEmbaichi Gtk \tfl@fklﬁk&&s&&ﬁh@&kﬁh&ﬁh&’hsw The
device of claim | further conprising one or r | es t hrough one of the
first or sé%:’oﬁ‘d" YREVTEE H DG HERRICGRSS PP ‘h‘e\%gﬁg SO AGE & 1 8ttchannel s and

a sensor ' RelAsh: ddiitfadd Ghthyeabiachedy boatiRenepemhnauiule d)flhe device of
claim1 Rohe:- conprisinn one or nore holes, througn. one of the first or

second shedtet s Paro SRACTEN T6TEFT PR ASRETSIT HERET P By beehakBY s, each

openi ng. hayl g R.hashanehl aacelghynagd hanehit, and.a.gensershei ng | qui d
tightly attached to the opening.” 12)[' he device rale:lain) 1

.furthe. r.é‘kmﬁﬁriﬁf“%‘gone or nore hol es through one at

2% The device of claim | whersin the first and sevond sheots have one of mone

flow channels b them,

H The device of clatm | wherein the first and sscond sheets bave oneor mons
flow channgls i thom and the Sow channels of the two sheets are aligned and in
register with each other,

4} The device of clabm 1 Rurther comprising oue o more Sttings are seowed in

thue flow channet at an edge of the two Higuid tghtly sealed sheets.

53 The devige of claim 1 whersin the fivst shest hag one more Dlow channels
and the one or more flow channeds fave a oross-secttonal profile selected from the

group consiating of semibwireles, semi-ovals, squares, triangles, rectangangies and
semi- polvgonals where p equals the number of sides of the polygon and p= 4

wherehs the first and second sheets have one oy mose

nans

5 The devies of elabm
fow chammels in theny and the one or moee flow chanaeds Bave a cross-sectional
;};’Qé‘iie seleoted fromm the group consisting of sand-cirales, sombovals, sguares,
iriangles, rectmgangles, semi-haxagonals and semi- polygonals where p eguals the
namber of sides of the polygosy snd p 4

&,

7 The device of elaim 1 whersin the showts sre made from g plastic selsoted

fron the group consisting of polvolefing, polycarbonates, epoxies, fiberglass
oinforced thermunets, carban reinforced thormosets, carbon compostiss,

polyvsulphones and polyethorimides,



the first or second sheets at a. |ocation over the one or nore flow
channel s, a sensor being liquid tightly attached to the opening and the
sensor bewvogoraloassed front the group consisting of tenperaiseoie/,4BEessure,
conductivity, flow and pH sensors. 131A. device conprising a first sheet of
rigid plastic natbydafccandisan @é@@iﬂdhfsﬁevét arpfigph dgttcionad Buidt dbveach sheet
has a firs QL. SUI LA ) Ln : Othlckness

bet ween thg ??#§;iand£§e§3 R %nq ﬁ?%g(“ég{ i@ggtpgﬁg ‘of the first and
second sheeb&nhasx@ne‘mﬁin@kezs@k@mmcwammsﬁSﬂhnrﬁedpnmérm» stdhe one or nore
fl ow channgl,s are formed in at |east one of the sheets in a manner such
that the area of the sheet where the fl ow channels are fornmed extends away
fromthe |#ra naj@pusuféamﬁﬂmf*thsshEﬁﬁman@ bewomdmﬁhednmnmaﬁxPlane of the
second naj Or g K Lo b % Q“ Second s are liquid
tightly seéf%@“ 6“ HE ﬁ“b?ﬁg?‘ﬁﬁ‘fﬁélY } ”“?F%é? “ﬁawéV“%urfaces one
or nore p|émesymémkuﬁtngmeeniﬁvnedsMM$h$nmbﬂéﬁﬂmew@bwﬂniénalom/channels and
one or nDr ttings. are Secur.e or Man pi eces of tubing at ap

edge of th ﬂni?d hﬁd‘il@ﬁFP¢q§8 F%h‘%ﬁ %% *$o as to function as a port

for the syshem The device of claim 1 further comprisiog oue or mure boles through one of
the firyd or second sheets @ g location over the ove or more flow channels and &
sensor being Hauid tGghtly anached o the opening
i1y The devicr of clabm 1 further conprising one or more holes through one of
ha first or sevond shests at a focation over the one or more How chamely, cack
apening having a elastomerie seal formed thereln and a sensor being Bagnd tghtly

attached to the opening.

13 The device of claim | further compriving one or more holes through ang af
the first or seoond sheots at @ focation srver the one or more fow channels, & sensor

bedng Hgoid tightly attached & the opening and the somor being selected from the
group consisting of lemperatars, pressure, conductivity, Hinw and pH sensors.
13} A device comprising 4 Hrat sheet of nigid plastio material and & second shest
of plastie saterial, cach sheet hay g first major surfuce and 2 sevond major surface and
a thickness betwsen the Hnt and sexond major susfaces, at loast ong of the Hrst and
second sheets bas o or nwwe fow chameds formed it 1 the one or more flow
channels are formed bt losst one of the shests o a wanner such that the args o the
shoet where the flow channeds see formed extends away from the st major surthes
of the sheet and bevond the sorms! plane of the seeond major surfaee of the sheet, the
fivst gnd second sheets are Boguid tightly senled to ench other at their adjotning st
major surfisies, one or more pieces of tubing contwived within the ooe o more How

channels and sue or move Bitings sre secured o the soe o morg pleces of tublng st an

pa

sdge of the bwo Hguid tghtly sealed shesty 30 as 1o funstion as @ port for the systan,
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