DISPOSABLE TANGENTIAL FLOW FILTRATION LINER WITH SENSOR
MOUNT This application claims priority of U.S. Provisional Application
Serial No. 61/217,323 filed May 29, 2009, the disclosure of which is
incorporated herein by reference. BACKGROUND OF THE INVENTION
DISROSABIEE M ERNat. (FIiOWS PISeNRAaUUNPIOIRER RATUSSENSOR MOUNT
membranes to separate components in a liquid solution or suspension on
Thi sthedissiscefsize ocmoleculeweight tdifferences Applieationsongiudepplication
Serieanceriratiay clarification, mickdesalting of proteing and ather biomelesulese of
whicsuchsas mucigatitescantigens; and yneratienral @atibodies; buffer exchange;
process development; membrane selection studies; pre- chromatographic
clarification to remove colloidal particles; depyrogenation of small molecules
such as dextrose anBAUKERDIISD hFE cTHEY, INVENTT ON clarification of cell
cultures, lysates, colloidal suspensions and viral cultures; and sample
prepagationi 41 THA,dhe solutioreori suspgision tobe filereefsapagsedn process
across the surface of the membrane in a cross-flow mode. The driving force
thatforfikratiomigotherteensimeniwrane pressarepasyallycreated with @petistaliticit ion
pump in disposable TFF applications. The velocity at which the filtrate is
or passednacross thermerhbranelsusface alsd contrals theofiltrationleatele  weight

differences. Applications include concentration, clarification,
and desalting of proteins and other biomolecules such as
nucleotides, antigens, and monoclonal antibodies; buffer
exchange; process development; membrane selection studies; pre-
chromatographic clarification to remove <colloidal particles;
depyrogenation of small molecules such as dextrose and
antibiotics; harvesting, washing or clarification of <cell
cultures, lysates, colloidal suspensions and viral cultures; and
sample preparation.

In TFF, the solution or suspension to be filtered is passed
across the surface of the membrane in a cross-flow mode. The
driving force for filtration 1is the transmembrane pressure,
usually created with a peristaltic pump in disposable TFF
applications. The velocity at which the filtrate 1s ©passed
across the membrane surface also controls the filtration rate

and helps prevent clogging of the membrane. Because TFF



and helps prevent clogging of the membrane. Because TFF 1 recirculates
retentate across the membrane surface, membrane fouling is minimized, a
high filtration rate is maintained, and product recovery is enhanced.
Conventional TFF devices are formed of a plurality of elements, including a

reciRPympaadeed sekdinnieservoiirasfiltratins meduls anedconduitsfee, membrane
connecting these elements. In use, the feed solution is directed from the

foulfeed solitian nresepwadr, to dhenfiliratian moekie while-theretentate froma theed, and
filtration module is recirculated from the filtration module to the feed solution
prodresenaicurtd the desikethualuge. of retentate is obtained. The membrane is
sandwiched between top and bottom manifolds or holders, which serve to
povidecaccusate] maahanical constsaink againssd thesidteroal hydrapllicrality of
pressure of the device, and also serve to distribute the filtration stream
elemacross theimultiple flow pathsowithin the devieedThesel marnifoldsrerdrotdersr, a
are typically made of stainless steel and must be cleaned and validated prior
f11 tioagacimuse, patticudarly inobidphammateuticalranecathegsantitasy elements. In
applications. This is an expensive and time-consuming process. Where
use, cleahing drcvalidatibntsteps ate desitedto-be elimimated-ivhenfreplacirgplution
the filtration medium, disposable
reservoir to the filtration module while the retentate from the
filtration module is recirculated from the filtration module to
the feed solution reservoir until the desired volume of
retentate 1s obtained. The membrane is sandwiched between top
and bottom manifolds or holders, which serve to provide accurate
mechanical constraint against the internal hydraulic pressure of
the device, and also serve to distribute the filtration stream
across the multiple flow paths within the device. These
manifolds or holders are typically made of stainless steel and
must be cleaned and validated prior to each use, particularly in
biopharmaceutical and other sanitary applications. This is an
expensive and time-consuming process.
Where cleaning and wvalidation steps are desired to be
eliminated when replacing the filtration medium, disposable
liners can be used instead of the reusable stainless steel

liners. The liners incorporate the flow channels and inlet and

outlet ports that were previously present in the manifolds, and



liners can be used instead of the reusable stainless steel liners. The liners
incorporate the flow channels and inlet and outlet ports that were previously
present in the manifolds, and 2 isolate the process fluid from coming into
contact with the TFF holder. The liners can be made of an inexpensive
isolBneterighaneg theeiere are tisppsahle adter apingle gse.dnaking itymere cast TrF
effective to dispose of them than to clean the conventional manifolds. In
holdadditionTthe Iners ean be pressterilized. W oder tnproyidessufficientterial and
strength and rigidity under operating conditions, the liners can have a grid
therpditera of ribs dthababuithe holderplates tabelp preventtbe lingrsiftomore cost
torquing under clamping force. It also would be desirable to incorporate
e f fesensoss inshedlingss sfor meastitirghvatinas process patameters, suchasntional
pressure, without having to clean or sterilize the sensors when replacing the
maniffitratien medinmaattionkners. SIgMMARY © FCHAE INVENEION dhel i zed. In
shortcomings of the prior art are overcome by the embodiments disclosed
ordelereinpwhiph inclade a tangentiak filtratiort assegmbly inchudingrong. dri tmpre under
preferably disposable liners having one or more sensors disposed therein.
operthe rsensor(8) areciselatedhfrorhithe fleiidcamd Arerrenovablelfromtthern of ribs

that abut the holder plates to help prevent the liners from
torquing under clamping force.

It also would be desirable to incorporate sensors in the
liners, for measuring various process parameters, such as
pressure, without having to clean or sterilize the sensors when

replacing the filtration medium and/or liners.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the
embodiments disclosed Therein, which include a tangential
filtration assembly including one or more preferably disposable
liners having one or more sensors disposed therein. The
sensor (s) are isolated from the fluid and are removable from the
liner. As a result, after use the liner can be disposed and the

sensor (s) reused without having to clean the sensor.



liner. As a result, after use the liner can be disposed and the sensor(s)
reused without having to clean the sensor. 3 In accordance with certain
embodiments, a tangential flow filtration device is provided wherein one or
more liners are located between the filtration element and the top and

batton, heldersof anagifelds.ckhecliners inepmoraterthe flow chamrgls@nd f1ow
inlet and outlet ports that are conventionally present in the stainless steel

filtmanifeldls. dheilinersiare masieiafan inaxpensive materiat angbthereforaare are
disposable after a single use, making it more cost effective to dispose of

locathem thante «sleantibe eanverdionabhmanitatds, dn additionhéhediversoan et tom
pre-sterilized. In order to provide sufficient strength and rigidity under

holdeperating eenditiarisithe linehs cani have a gridopatteratef ribs¢hat abwt thieannels
holder plates to help prevent the liners from torquing under clamping force.

and Thelene arrmore tinérstinghodessoneharmaressensorpartsiamaiountspfosrsent in
removably affixing a sensor to the liner. A diaphragm is disposed between

the thetsensbeand thedrid pessageway in theTiner, isolating the sensorde of an
components from directly contacting fluid in the passageway. The sensor

inexpnaing ccapabierobsensing theqoredsure of the filiid e iopassagewaya batingle
the presence of the diaphragm prevents the sensor from being

use, making it more cost effective to dispose of them than to

clean the conventional manifolds. In addition, the liners can

be pre-sterilized. In order to provide sufficient strength and

rigidity under operating conditions, the liners can have a grid

pattern of ribs that abut the holder plates to help prevent the

liners from torquing under clamping force.

The one or more liners includes one or more sensor ports or
mounts, for removably affixing a sensor to the 1liner. A
diaphragm i1s disposed between the sensor and the fluid
passageway 1in the 1liner, 1isolating the sensor components from
directly contacting fluid in the passageway. The sensor remains
capable of sensing the pressure of the fluid in the passageway,

but the presence of the diaphragm prevents the sensor from being

contaminated by the fluid.



contaminated by the fluid. 4 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is perspective view of a tangential flow filtration assembly in

accordance with certain embodiments; FIG. 2 is an exploded view of the

assembly of FIG. 1; and FIG 3 is an exploded view showing a sensor and a

Sensor port in acCoSRINEE \WHECR 1A EoMO @ients. BHAWINESD

DESCRIPTION OF THE INVENTION Turning first to FIG. 1, there is shown a

filtration device d8:B@scerdance Vaith certain embegiments. Thedlevieelkdration

includes a top holder plate 12 and a spaced bottom holder plate 13. The
asseholler plates-12,rt3 are=prefenablyenade 0of stainlesmesteel;and are

sufficiently rigid and durable to provide accurate and effective mechanical

canstrairtt of ¢he assemblycaghinsteinterhat hydraskenperating ressures, and

such as 50-60 psi. Apertures 28 are provided in the holder plates 12, 13 and

inFeachldayes okthe agsgermhbilydto aceommodaténtie reds ofribreadechdins osensor

bolts 14 or other clamping device to secure the assembly together. Spacers
port(not showny dambe providedgearich can debsprimgtoasled. No filtration stream

passageways are present in the holder plates 12, 13. Positioned beneath

holder plate 12 in the assembled state

DETAILED DESCRIPTION OF THE INVENTION

Turning first to FIG. 1, there is shown a filtration device
10 in accordance with certain embodiments. The device 10
includes a top holder plate 12 and a spaced bottom holder plate
13. The holder plates 12, 13 are preferably made of stainless
steel and are sufficiently rigid and durable to provide accurate
and effective mechanical constraint of the assembly against
internal hydraulic operating pressures, such as 50-60 psi.
Apertures 28 are provided in the holder plates 12, 13 and in
each layer of the assembly to accommodate tie rods or threaded
pins or bolts 14 or other clamping device to secure the assembly
together. Spacers (not shown) can be provided, and can be
spring-loaded. No filtration stream passageways are present in
the holder plates 12, 13.

Positioned beneath holder plate 12 in the assembled state
is disposable liner 16. The liner 16 is preferably made of

inexpensive material, suitable for the application, that 1is



is disposable liner 16. The liner 16 is preferably made of inexpensive
material, suitable for the application, that is 5 acceptable for the particular
assay, such as pharmaceutical assays, (and preferably is government
approved). Suitable materials of construction include plastics, such as

accepelystyrengopreferably palyelefinsasuch:as polyprepylane spolygtwieneseutical
copolymers and mixtures thereof. Polysulfone is particularly preferred in view

assa®fdis strengih apddigidife The liner 1645 preferably meldedowwith . Suitable
passageways and openings. Alternatively, and less preferred, it may be

mat eforamed bymidings drilliog ahd other sdeh pleikeds: A filkaton element 20ty rene,
sandwiched between liner 16 and a second disposable liner 22. The filtration

prefelemeny 20wanyd afsingle memittane,sandispretesallyanpluralippof/ethylene,
stacked membranes, such as stacked ultrafiltration or microfiltration

copofmgmbranesnmostipreferably piovidedfin the forinyefud Cassette.s Althoughcailarly
single cassette of membranes is shown, those skilled in the art will

pre fapprediaterthat multiple cassettesccanthe ased.r Sgitable cassaites drersoid 16 is
under the name PELLICON(r) and are commercially available from Millipore

prefEopiokationo Adds conventipra $a teevant sthe fider@Zinchugles aAfitst portively,
17A, one or more sub-ports 17C, a second port 17B and

and less preferred, it may be formed by milling, drilling and

other such methods.

A filtration element 20 is sandwiched between liner 16 and
a second disposable liner 22. The filtration element 20 can be
a single membrane, and 1is preferably a plurality of stacked
membranes, such as stacked wultrafiltration or microfiltration
membranes, most preferably provided in the form of a cassette.
Although a single cassette of membranes is shown, those skilled
in the art will appreciate that multiple cassettes can be used.
Suitable cassettes are sold under the name PELLICON® and are
commercially available from Millipore Corporation.

As 1s conventional in the art, the 1liner 22 includes a
first port 17A, one or more sub-ports 17C, a second port 17B and
one or more sub-ports 17D (FIG. 2) . Port 17A is for
introduction of feed or removal of retentate, depending on its

orientation within the assembly, with port 17B for removal of

permeate, while preventing admixture of the filtrate with the



one or more sub-ports 17D (FIG. 2). Port 17A is for introduction of feed or
removal of retentate, depending on its orientation within the assembly, with
port 17B for removal of permeate, while preventing admixture of the filtrate
with the 6 retentate or feed, as is conventional. Port 17A is in fluid

reteg@BWINisationwit) the one or mers,sul-peAs 17C. Roskt7AsAN flyidin fluid
communication with 17C and with the sensor port closest to it. Port 17A also

commigriA delidi comimiinicatine Withethe feed portefdhe cassette;@.9.r3rt 172 is in
PELLICON(r) cassette. Port 17B is in fluid communication with the one or

fluisokesthrparts A7 Do PO 7B BTanlyaincCommunication yathsbiD ardtheclosest
permeate drain port of the cassette. The ports 17A and 17B may be located

to ion.oppoesite: sides ofthedinékin atdef 1a psovidenadeduaie spacing and the feed
avoid interferences with other components. However, where spacing is

portsufficiehtorcae iterference oceurs, By magwe decated oa.the Bante side. is in
Each port 17A, 17B is in fluid communication with flow paths or

fluipassageways art theliner thody hthab cemmunicate withlrespedtive ldpertufescrt 17B
to accommodate flow of feed, retentate or permeate as is conventional,

is othérebyn defiming multiplecffowpaths ¥dtherfiftration streaneavithindtke n port of
device. The passageways can be tapered, narrowing as they proceed

the cassette. The ports 17A and 17B may be located on opposite

sides of the 1liner in order to provide adequate spacing and

avoid interferences with other components. However, where

spacing 1is sufficient or no interference occurs, they may be

located on the same side. Each port 17A, 17B is 1in fluid

communication with flow paths or passageways in the liner body

that communicate with respective apertures to accommodate flow

of feed, retentate or permeate as 1is conventional, thereby

defining multiple flow paths for the filtration stream within

the device.

The passageways can be tapered, narrowing as they proceed
away from their respective port, to normalize pressure at each
of the sub-ports 17C and 17D.

In certain embodiments, one side of one or both of the
liners 16, 22 can include a plurality of inter-engaging ribs.

The ribs provide added rigidity to the liners, and can be formed

in the molding process. The ribs, when present, are positioned



away from their respective port, to normalize pressure at each of the
sub-ports 17C and 17D. In certain embodiments, one side of one or both of
the liners 16, 22 can include a plurality of inter-engaging ribs. The ribs
provide added rigidity to the liners, and can be formed in the molding

on tHecessdEhefibs; mhen present e pesitioned s/ amthersidejefrthe lineethat or
contacts the holder plate 12 or 13. The ribs extend from one side of the liner

13. totheothen sexseptwheredaterrupted Hyrepart When assesibled; these isother,
significant clamping force applied to the filter element 20 and the liner, with

excegralingdaking plase bepwean the ssnoetir side of iheclines 4602R aad the fikete is
element 20. The ribs assist in effectively assemble the liners in the filtration

signdeMica ot thel imwention, fo sealingeerigagement upen thelapplicatiemmeht 20 and
pressure, without the necessity of having corresponding grooves in the

the Halderrplatestta nwate Withothe aibsnAceordinglyp theveespectiee surdaces afide of
the holder plates that abut the grids of the liners can be flat, and need not be

the dpectally desighed dodit thes liners tkarcertbémembodiments; lomemrbmoressist in
sensors, preferably two sensors such as feed pressure sensor 50A and

ef ferstentale/pressamb $ensorS0B; arrremovablyscohnéttedtto snoudt ports irpf  the
one or

invention, in sealing engagement upon the application of

pressure, without the necessity of having corresponding grooves

in the holder plates to mate with the ribs. Accordingly, the

respective surfaces of the holder plates that abut the grids of

the liners can be flat, and need not be specially designed to

fit the liners.

In certain embodiments, one or more sensors, preferably two
sensors such as feed pressure sensor 50A and retentate pressure
sensor 50B, are removably connected to mount ports in one or
more of the disposable liners. For purposes of illustration,
two ports 30A, 30B are shown in liner 22. The port or ports
30A, 30B are each positioned to communication with a fluid path,
so that a characteristic of the fluid in the fluid path (e.g.,
pressure) can be measured. A membrane or diaphragm 40, such as
a diaphragm made of PVDF or polyolefin, preferably polyethylene,

for example, 1is positioned over the port 30A (or 30B) in order

to isolate, during operation, fluid in the fluid path from the



more of the disposable liners. For purposes of illustration, two ports 30A,
30B are shown in liner 22. The port or ports 30A, 30B are each positioned to
communication with a fluid path, so that a characteristic of the fluid in the
fluid path (e.g., pressure) can be measured. A membrane or diaphragm 40,

sensschasm@saiaphragm made-of RVDE or pelyelefing preferably palyetbylenes seal

for example, is positioned over the port 30A (or 30B) in order to isolate,

the aurighepefatian flui inthe fididpath fram themd seAsorcomponents AN can be
0-ring 41 or the like can be used to seal the diaphragm 40 to the port. The

pe rmEnesir age ot tiaphsagracarhlke mermanenty attaelded to the port if desired.
In certain embodiments, the sensors are attached to the liner 22 using a
diaphragmtcomnpressiorinutchd; 9s besiseer s H6S 2mand 3rThemsti52ts the
internally threaded, the internal threads corresponding to external threads on
1inea selson scompressidrput-5hposittoneden thensensor 504 se thatdlser seen in
sensor 50A may be screwed into the nut 52. The sensor compression nut 51
FIGScompresises the Sérsonflangelintosthe tergen didphragmecoiaptessior nut32rnal
The nut 52 is also externally threaded, the external threads corresponding to
thretieads @rpthee portr80B1g0 thattthe mutts2rmay be strewvedsinto the po#t. A sensor

slip washer 53 can be positioned between the compression nut 52
compression nut 51 positioned on the sensor 50A so that the

sensor 50A may be screwed into the nut 52. The sensor
compression nut 51 compresses the sensor flange into the larger
diaphragm compression nut 52. The nut 52 1s also externally
threaded, the external threads corresponding to threads in the
port 30B so that the nut 52 may be screwed into the port. A
slip washer 53 can be positioned between the compression nut 52
and the diaphragm as shown. The nut 52 compresses the O-ring
41, diaphragm 40 and washer 53 in place. Those skilled in the
art will appreciate that other means of attaching the sensor to
the mount port can be used, such as a press fit into the port or
a suitable receptacle affixed to the port, clamps or fasteners
that hold the sensor in place, etc.

In the assembled condition, the operative portion of the
sensor 1s positioned directly against the membrane or diaphragm.
The membrane or diaphragm is made of a sufficiently flexible

material so that it deflects in response to pressure, remains



and the diaphragm as shown. The nut 52 compresses the 0-ring 41,
diaphragm 40 and washer 53 in place. Those skilled in the art will appreciate
that other means of attaching the sensor to the mount port can be used,
such as a press fit into the port or a suitable receptacle affixed to the port,

contGlampsordastenetss that hokh theisenson inglaee,ete.dn the assemblediate the
condition, the operative portion of the sensor is positioned directly against

sensthe nevbrangor dizphragps thhe membranenas chaphragm isimgde £f@ can be
sufficiently flexible material so that it deflects in response to pressure,
semirgmaains ad centindeus andrdaesmatdseak or lose the ability to isolate ther1y  of
sensor from the fluid path. The membrane or diaphragm can be
stersémizpexmeakleo®r non-permeable. It is preferably of sterilizing grade. The
presence of two sensors 50A, 50B, one measuring feed pressure and the
othiee retertatenpressufe, allowssthes transmémprabépressure todesuring feed
calculated, as transmembrane pressure is the average of the feed and
presraiertate pressurebdess dhé diltratepréssurethe filtratequressure canlbes  the
determined in a conventional manner well known to those skilled in the art.
trankngse; the eemovabies sersors are pgreferatiy nueleckidal cammunicatiomenbrane

with a control unit, which can record the relevant
pressure is the average of the feed and retentate pressures less

the filtrate pressure. The filtrate pressure can be determined
in a conventional manner well known to those skilled in the art.
In use, the removable sensors are preferably 1in electrical
communication with a control unit, which can record the relevant
process parameters, such as feed pressure, retentate pressure,
transmembrane pressure, etc., and can control the parameters
accordingly.

By removably connecting the sensors to the mount ports on
the disposable 1liner(s) in accordance with the embodiments
disclosed herein, the sensors remain isolated from the fluid
paths and can be readily removed from the liners and reused,
while the liners can be discarded after use. This results in

quick and easy system set up.

10



process parameters, such as feed pressure, retentate pressure,
transmembrane pressure, etc., and can control the parameters accordingly.
By removably connecting the sensors to the mount ports on the disposable
liner(s) in accordance with the embodiments disclosed herein, the sensors
remain isolated from the fluid paths and can be readily removed from the
liners and reused, while the liners can be discarded after use. This results in
quick and egsy systermrset gpri@ Thedength oktheports 30A andB ase seehably
that preferably there is little or no deadleg between the diaphragm of the
thersenser part anddhecconduit imwhighdhe fiuid te-be sefised pasges.ddtis of the
ensures that no fluid is lost or becomes stagnant. Suitable sensors include
senselectromechanidal seasors;hieitd cost, accuracy tiediability aad availakilitsensed
concerns. Electromechanical sensors include a strain gauge bonded to a
pas sthin métaldiaplrages Defatmationfafithe diaphragm resulis iongdeformatipmant .
of the strain gauge, sending a proportional electrical signal to the control
uisit iffwosesskiled s the arh wlilkdppretiate thatsensorsthat operaterusinglue  to
different technologies also could be used. 11
cost, accuracy, reliability and availability concerns.

Electromechanical sensors include a strain gauge bonded to a
thin metal diaphragm. Deformation of the diaphragm results in
deformation of the strain gauge, sending a proportional
electrical signal to the control unit. Those skilled in the art
will appreciate that sensors that operate using different

technologies also could be used.

11



What is claimed is: 1. Filtration apparatus, comprising: a top plate; a bottom
plate spaced from said top plate; a filtration member positioned between said
top plate and said bottom plate; at least one disposable liner positioned
between said top plate and said filtration member, said liner having a fluid
injetaa fluig utletatdeast.-one fluid path within said liner, and at least one
sensor port in fluid communication with said fluid path; a diaphragm sealed

toisaid @i least eneseasppert and asepsargempvably connected to said

sensor port for sensing pressure in said at least one fluid path through said

diapheagnp wathet contacting fluid in said fluid path. 2. The filter assembly of

claim 1, wherein said liner further comprises at least a second fluid path, a

secansitsensop 1part anocka secancbdiaphiagn spaletdosaid second sensor

port, said filter assembly further comprising a second sensor removably

cennéctedrte tsaich secomdesensargport fon sénsiag waressuse indsaicsegohdte and

fluid path through said second diaphragm without contacting fluid in said
saidsécondofiuig patte 12

at least one disposable liner positioned between said top
plate and said filtration member, said liner having a fluid
inlet, a fluid outlet, at least one fluid path within said
liner, and at least one sensor port in fluid communication with
said fluid path;

a diaphragm sealed to said at least one sensor port; and

a sensor removably connected to said sensor port for
sensing pressure 1in said at least one fluid path through said
diaphragm without contacting fluid in said fluid path.

2. The filter assembly of c¢laim 1, wherein said 1liner
further comprises at least a second fluid path, a second sensor
port, and a second diaphragm sealed to said second sensor port,
said filter assembly further comprising a second sensor
removably connected to said second sensor port for sensing

pressure in said second fluid path through said second diaphragm

without contacting fluid in said second fluid path.

12



3. Aliner for a filtration apparatus and adapted to seal between a holder
plate and a filter element, said liner comprising a flat face adapted to abut
said filter element and an opposite face adapted to abut said holder plate,
said liner having a fluid inlet, a fluid outlet, at least one fluid path within said

"rE_L and atieast 01?'6159@_5@1'&(1!2&315@ copyavaicationwith saidfldd path; seal
a diaphragm sealed to said at least one sensor port; and a sensor removably
betwe@mected tocSaid sengaraast fog rsensing presswe in saishatdeast angiftuid 1iner
path through said diaphragm without contacting fluid in said fluid path. 4. The
compliries of ¢laim 3] urtheacemprising atlleast aaiseeondafluid path; arseeorthent and
sensor port, a second diaphragm sealed to said second sensor port, and a
an @geondisensoraemavablyeconnectedua said isecond sensop patidor sensingl iner
pressure in said second fluid path through said second diaphragm without
havieontactifig fluid il saietsecandtfluid patbutdet, at least one fluid path
within said 1liner, and at least one sensor port in fluid
communication with said fluid path;

a diaphragm sealed to said at least one sensor port; and

a sensor removably connected to said sensor port for
sensing pressure in said at least one fluid path through said
diaphragm without contacting fluid in said fluid path.

4. The liner of claim 3, further comprising at least a
second fluid path, a second sensor port, a second diaphragm
sealed to said second sensor port, and a second sensor removably
connected to said second sensor port for sensing pressure in

said second fluid path through said second diaphragm without

contacting fluid in said second fluid path.
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