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Attorney Docket No. 22026-0016, fil ed

cont enporaneously with this Application on Septenber

28, 2007, entitled " NON CLOGGE NG FLOW RESTRI CTI ON FOR

PRESSURE BASED FLOW CONTROL DEVI CES' assigned to the

assi gnee of the present invention and which is
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replacenent is required, and further, a framework for

redi cting when tests for determ ning possible filter
FIELIR SIS EHEARVEWOGNY be conducted. SUMMARY OF THE
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partiBiglady, tomaohitodng perfidrir@@C6Gf degpenkewm oRflsiddisy syseems.
ci rcunst ance when a first pressure gauge (Pl) and a

j [ sor (DP) are enployed in the
BA%@%@%&%E@EWIWI e Equation 3 represents

hows t he, circunstance when first and second pressure .
l“““ébugéﬁafmn,duﬁﬁjﬂ rlisyes gequifs wegiltringseinlwd flayrse In addition,

the (RIRIO%EYrdaths Thy LAY cSnthAWiaRRYAIhOR particulate matter that may be

removed from the flow streams by filtration. Over time, filters can clog, often requiring

shut-down of plant critical analyzer equipment in order to replace the filters.

[0004] Thus, there is a need for determining when filter replacement is required, and
further, a framework for predicting when tests for determining possible filter replacement

should be conducted.

SUMMARY OF THE INVENTION

[0005] For laminar or porous flow through a permeable membrane or porous element

such as a filter, the flow is governed by Darcy's law as shown for Equation 1.
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QL K> dt AhL [L2]J dt AhL L [0007] By substitution
of fluid density (p) as shown in Equation 4 fromthe
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conpressibility, Equations 5 and 6 (for liquid flows)
are obtained. P RTZi PT) dmi 1IMAPP , . = - =p K -
[5] dt 4 RTZ(P.T) [0008] Filter perneability (K) can
then be cal cul ated as shown in Equation 7 (using

volunetric flow) and Equation 8 (using mass flow for
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[0007] By substitution of fluid density (p) as shown in Equation 4 from the ideal gas

law equation having non-ideal compressibility, Equations 5 and 6 (for liquid flows) are

obtatned.

p=—rt [4]
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[0008] Filter permeability (x) can then be calculated as shown in Equation 7 (using

volumetric flow) and Equation 8 (using mass flow for gases).
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4 Z FJ Wiere: d =Hydraulic dianeter orfl ow passage

di ameter of porous restriction or |am nar el enent
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differential across restriction (Psm- PVr L

=Lengt h over which the pressure drop occurs h=Fl uid

absol ute viscosity p=fluid density (either gas or

liquid) Af ,, = Mdlecular weig ht of the gas k

=Material perneability (forporous nedia) V =volune i =
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Equatyei EmQusi”ﬁgenﬁk ﬁpsz fongdsugle provi ding a reference region
in the fluid system the region including a chanber
havi ng a known volune and releasing a fluid fromthe
chanmber dunﬁPgure& to flow through the reference
regi The wet hod ! f urt her i ncl udes measuring pressure
and tenpeﬁ&ébre val ues at predeterm ned | ocations at
predet ermzédptine intervals and determining filter
per néabrFty-val uge]i n response to neasured pressure
and tenperd&fure val ues. The nethod further includes
conparing the filterperneability values to
pred rmned filter permeability val ues. The present
i nvent' &% further relates to a method of obtaining a
VISCOSIF%&$a|ue for a fluidin a fluid system The
met hod 5
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known<% GRS Eererd gstonty ea i (HofeonPshe=shanber

L = Length over which the prassive dvop occurs
1 = Fluid absolure viscosity

p=fluid densitv (either gas or liguid}

M, = Molecular weight of the gas

K = Material peymeability tfor porous media)

V =volume

= time

Q = volumerric flow rate fvolume per unit time)
dt = time differential

dV = volume change rate

Z(P,T) = Non-ideal gas compressibility (function of pressure and temp.)

[0010] The present invention relates to a method for monitoring a filter installed in a
fluid system. The steps include providing a reference region in the fluid system, the
region including a chamber having a known volume and releasing a fluid from the
chamber configured to flow through the reference region. The method further includes
measuring pressure and temperature values at predetermined locations at predetermined
time intervals and determining filter permeability values in response to measured

pressure and temperature values. The method further includes comparing the filter
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configured to flow through the reference region. The
nmet hod further includes neasuring pressure and
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whefeﬂ?ltngﬁteg:ﬁﬁﬁq%ﬁlh vAub d’J {ngfnspﬁf ﬁmﬂ \;)alu¥cﬁ/a%| af beE1 ween the

neasur ressure an enpera tedghd X
me&%ﬁmmmahmwuﬁ&ﬁ&gence in pressure values. The net hod
furt her includes deternining at | east one of a nass
ow rate e fluid from

o
f“‘"&i T tgf(?%n & vy ﬁﬁéﬂr@gﬂt‘ﬁr tos & ypethad, t?tOérFﬁs'@P&tw’éCOSlty

valuy @(brl'tﬁﬂulﬂrlﬂ at ingd GMi&H! qth@@néih(fdc RRAESpr OQI&{$§ véftrence region in
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further includes determining a filter permeability value from the measured pressure and
temperature values and the calculated difference in pressure values. The method further
includes determining at least one of a mass flow rate and a volumetric flow rate of the
fluid from at least one of the measured pressure and temperature values and the
calculated difference in pressure values, and from a separate device. The method further
includes determining a fluid viscosity value, wherein the filter permeability value remains

substantially unchanged between the predetermined time intervals.



fluid systemincludes pressure and tenperature sensors
di sposed at predeterm ned |ocations along the

WO 2G08/0€383% regi on. Upon sel ective rel ease of aPET/ub08/077649
fromthe chanber configured to flow through the
reference region and neasurenent of pressure and
tenperature values by the pressure and tenperature
sensors at predetermned tine intervals, filter
perneabi lity values are cal cul able. [0013] O her
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Fig. 1 1s a schematic view of an enbodi nent of a
configired dp fhaw dhrqugh othg yrsteaencer region de snsasuramert ok pressure and

s . : | ' _
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intepvakss Bher mhimeedbalstynveluef B @lcukebly. 4 is a graphi ca
representation of a filter life cycle of the present

isclasure. .[ 0017 i gs. b5- are gr.aphi.cal ,
00310 " OBt Serlymoaind adyefBirso B Bixsaf bR s<apparent from
the EBROWHEhRSe bietaildd Wecstrpyish 6T Qhe t hi8fcPe8S8Mbodiment, taken in
di scl osure. [0018] Wherever possible, the sane

conjup¢tioneyie theatrempanying dsavinge whidhy busrsetbyt ey of awampls, the
- 1 . - sane or |ike parts. DETAI LED
p““é%@é%?%‘%i%“ﬁﬁgg‘mz | NVENTI ON [ 0019] Referring now to
the drawi ngs, Figure 1 shows a schematic view of a

BRI MESCRIPTIANf OB ITHEPRAMWINGS such as for use in fluid
flow netering or flow control device 11. Flow contro

[001dpVi CEiglllid Nsdhesl@fic RichosSdnEnblineitioRiafoon/sf 4 AR system of
measur i ng conponents and a control panel 12, although

the prpgenhdisddsirag conponents may be exterior of housing
14. Measuring conponents include, but are not limted

[OOI%E’ t %fg? a4 leeescﬁgﬁaft&" \ﬁe&? of glte]‘mﬂ@ gm%cﬁﬁ]%ﬁ{s?)rt{ giﬁ%gla%n\?%f)a fluid

and may SO I nclude mass sensors
syst@n of thepoessnt disclosure.

[0016] Fig. 4 is a graphical representation of a filter life cycle of the present

disclosure.,

[0017] Figs. 5-10 are graphical representations of different operating scenarios

encountered by a fluid system of the present disclosure.

[0018] Wherever possible, the same reference numbers will be used throughout the

drawings to refer to the same or like parts.



nmeasure other fluid paraneters. In one enbodi nent,
flow control device 11 is secured to a manifold 16 to
waRi084043838 al so secured a filter housing 44 andP@I/US2008/077649
mani fold 42 for filtering pressurized fluid flow
through flow control device 11. [0020] In one
enbodi nent, pressure and/or tenperature sensors may be
conmbined into a single device. [0021] As used herein,
the term "nmeasuring pressure” in the context of
DETRAS DI ORIESRMI ©RTHEANV N TION | ocations, is
intended to include a pressure neasurenent at a first
| ocation and a differential pressure neasurenent
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formed in manifold 16 upon the opening of a valve 67.
and prcogtpk pangb haltheneh the measuiing é‘Pl?P%R:?chféﬁX be gxigrier pihhousing
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SRR DA Al BPREIRN IR & Hhlerifrt syors 10, 21
and Sressuraséngorsde20,egd ofiaydilid eclede ks gmess (e skews) T séfkors to

is in fluid communication with pressurized fluid 32
ey ofhet OHsbRAE R o 05 08 Fabpsise Rl SRty oao bRy e Hsa pared t
a mBRRFP16 &Dwhich 198 SERAH IMBREr hoRsiY RASHd AWhhBol 42 ISt filfering

fluid comunication with passageway 34 to further
presghirized dlupl B thrprguflew gputrgd 2levice 1lesi red. Pressuri zed

fluid 32 is further directed through passageway 34 and

en a f l.owi into filter housin
1002457 BRI, PP M B BhR el i B Dt
into k@impledgviet | cul ates entrained in pressurized fluid
32.[0023] After passing through filter 46, pressurized
fluid 32 becones filtered fluid 58. Upon passin _
IOOZ&M ough UFsd heFing e tepmy SRR 18 PheAniaRs e measuring

preshi?é QUEHRN BESH A URMBYnA & intEREePbNRHLbES Rl%gstﬁié He%lﬁ{ﬂ'hélﬁlat a first

pressure sensor 20 is in fluid conmmunication w
locati¢n arst ediffetaniial [Hessuicanepmssagetestwb the ifidgiand second locations.
passageway 48 and differential pressure sensor 20 so

o032 SRR ALoPEESR BERSRla QO R s

soured)Guth bt aradmbbu76l BF&notvA v@En€Nb Qtct®d tthroagd ¥ ARSSigeway 34
outlet 56 js_ in fluid comunication with passageway 48
formeg iny praRidpldgil b ewony the epaung (ol ¢ \alve B7. dRsesperg, sensor 18 is

imm{elifeff fiablrd @ 2 i A | DBIm Hilefi6h ORith HrBWEzed fluid 32 via
passageway 52 in fluid communication wt
passageway 36 bridging passageway 34 and sensor 18. Similarly, one leg of differential
pressure sensor 20 is in fluid communication with pressurized fluid 32 via passageway 38
bridging passageway 34 and pressure sensor 20. In one embodiment, a bypass outlet 54
is in fluid communication with passageway 34 to further direct pressurized fluid 32, if
desired. Pressurized fluid 32 is further directed through passageway 34 and then
passageway 40 before flowing into filter housing 44 and then through filter element or

filter 46 to remove particulates entrained in pressurized fluid 32.



passageway 48, which fluid referred to as pressuri zed
fluid 60. For ease of description and convenience, the
W@e@9o4asas val ue or magni tude as sensed by presBUI/ES2008/077649

sensor 18 is referred to as Pl and the pressure val ue

or magni tude as sensed by the one | eg of pressure

sensor 20 in comruni cation with passageway 50, which

is pressurized fluid 60, is P2. The pressure val ue P2
refers to the backpressure downstreamin fluid system
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that pﬂ%@sqmﬁlﬁlz ICS ] SEnSOnTERY) B@amﬁ@%rtb%oﬂlffF@Owa]lnABreswq thetween
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ensed. or_ nmeasured by pressure sensor 18 at
Fﬂteﬁ?‘kﬂ et fReheri decten thipuah BSOS i TIBRE fomEumication with

t rize
pass@%&ﬁﬁﬁuw 83 @(’}I%J:HJ ﬁgln egérf‘%ggg raly %?% %‘F%eﬁ‘gﬁf '%@? %%F ch%SF description
and S;ubmnmmpe,aﬂhb)prsismwl v&raeolusiagnme}esadsemsem’eﬁ$msmde sengor 18 is

ien this differential pressure correspond
refoF ORI DR B L SR 6 SEH0 e SpB P! ghessure
sens@PPOSH temBivARSLOA wilhl Isaggagé@ay $0! fhehris $résQurdiZed G868 is P2.
5-9 as DP. Slnllarlg . mperature val ues correspondi hg
ogge

The peesgigg ivalug g referet mlmmsmrmdoemstmaessuﬂmd @mstemmOdslt is to
be uE&er{tEJ)a tha{3 ?'hﬁg %)e’ssdr{ze(ﬁ %ﬁl}"éji 3’2;&}) o%v%ﬁ? J.ﬁure 1 ups%ream of filter

ure sensors
46 apdl pdaeiu?fzml flad 60 (F2)] atiﬁ&ha/tahépﬁshﬂiﬁé failtié af gnitude of pressurized

IR A R
bothrfﬁé‘ﬁféﬁﬁﬁr@ gnﬁ[(ﬁ:s BRA {HRE '"Eﬁfkctigﬁbe%fﬂga%ﬁw tﬁm?fc@ SfRd Hids, may

0 and t ature sensors rans signal's
beﬁﬂ@ﬂﬁ@spondlng to those neasurenents to an
anplifier/converter 22 to anplify and/ or convert the

0025, 9"k R B508 505 L s S o oo

AfteB V)7 RBespRhid, lpmsufawm&é &Wnﬁ@ﬂﬁxblés%ﬁﬁ&ssuﬁt&rﬂxﬁé 32 (P1) from
preC|S|on mass nmeasur enent devices or a

changige 1oy @ree sensed rmym@@sw%hsmrwsw {sensor 18 at predetermmed time
1nter9&ﬂpl dVlflllleeB{ff‘EPé?lYlﬁf fn%gsu?gv!llge g&itudes between pressurized fluid 32

(P1) and pressurized fluid 60 (P2) are substantially simultaneously sensed or measured.
For convenience, this differential pressure corresponding to locations of pressurized
fluids 32, 60 disposed on opposite sides of filter 46 is referred to in Figures 5-9 as AP.
Similarly, temperature values corresponding to positions in close proximity of
pressurized fluids 32 (P1), 60 (P2), if required, are sensed or measured by temperature
sensors 19, 21 (T1, T2) at predetermined time intervals substantially simultaneously as

the pressurized fluid measurements.



and/ or convert the signals 25 fromanalog to digital

form if required. [0026] After the various signals,
w@2@o/048Bg DP, TlI, T2, are transmtted from PCT/US2008/077649

anplifier/converter 22 to mcroprocessor 24, and saved

in a storage device 26, such as an EEPROM vari ous

calcul ations are perforned as is known in the art,

such as volunetric fluid flow from chanber 76 over

time versus differential pressure, for exanple by
[00257P! | Oatd ome @émﬂ):éﬂzk{ﬁltel/pﬁessaret thedpdiHerfls fa'ré bRfformed, the pressure

perneabi | ity constant (e.g., see K of Figure 4). Onc
sensprre1§,i 3G and p?ermmmelsengprsz ) Tamansml @@Msmrresmndmg to those

ulated e sto and/
meaf ey e IR PP o2 i Y D R By igats rom
analop t6 idofia €oregf eRuabd. 1A oad endEBRSHnIBREnala24 i other devices
reference corresponding to each calculated filter
(notprEa BETPnecBAST AV Measueement, Sush e Presition Srss magsyrpment

devigb B Hie kB AR R IR EE b b RE RERER: I pplity
and/dat@veffh]aﬁ sigisals Zﬁ/ﬁ'omtanmeg tb digiter fopey ifeafuiredt y val ues

K, i.e., the sl opes of the curves shown in Figure 4,

cre qur.e 4, . wWhj ch S p

100367 ¢ BB 289 Jaiows bl et Syfar ARt RBPH P e, vemnined from
ampﬁh@M&)rﬁBrt&@Qﬁ@%x@fé@foc@%k Of ahd BRI iA o KEPLAFEARMG, such as an

recommended” region 74 For exanple filter
EEPBQMe‘amqus colealangrs ace @grfme@qﬁmds knewajin thei art, ahclf ad Ydwmetric

r as he filter is.ne
ﬂuldo st ankrl f’%n&unc 85‘3% pﬁe Ver ﬁ'tf%f:ﬁnﬁlg QEFSWI?’h for examp‘ile by
applpﬁﬁbm OﬂEqﬂizﬁﬁm Rosiiga Iafﬂleﬁ@EmmbihltPGor@fant (e f édeti€lof Figure 4).
pernmeability curve K, is contained in the operatlona!%l1
OHC? dbg é%tememeﬂ%ﬁgn regnstantyakes, & is salsplaiafls itcmny Bsosteied and/or
comgire& t@pre{/ ohﬁg F%‘?idﬁ?& ﬂeh‘hé’abﬁHff \égnsltﬁlt Val es in ﬂﬁ‘aéé’](ﬁgvgce 26. In
al 1 bration Fter, 1s” contalne

one lembbéﬁmﬂe rd time crefcrmnd @:drreggnd)mg 14 eaeln dallc&l arddiltdr hermaeability
Due, to the accunul ation of data

t i f
consfip é’fi@’lﬂjggg Goi et ssnarehin el fefgrmnige phepewbrqagnt Tilte

pernaBility Eﬂkﬁlﬁﬂuﬁﬁ sh%ﬁl%klbé"ﬂerﬁ)rﬁféh ap4sed k%ﬁtﬁ’iﬁgﬂcdp d'ékam ThilGs, over
t he nunber of I'ter nmonitoring cycles, which

timeg iffee patmpeabiity W@tueeld{ml of tfpﬁoslpp@nsf tfe Eurved slscym emnFj@.}re 4,

|I|t of operatin ter
deerf38 PIERER LIS IRCE i fieplanbF aF 1o oy B P FEr rather
shovaspau Q@bﬁheﬁhltﬂégione’mi‘@hcﬂ 2C BlepROMAENt [RERHIIMEAHIO RPRhatE For
nponents of fIOM/controI devi ce may be E@QVIded by
exal%me eliless inerpeabilyy wervedtiusostesmmds i g nifiplc fierepermpahilifyscurve,
suchN&! Jhbﬁntﬁgg"é{ep is GO s%s'tagltlal tu'hg,r hge% 8L u%&%minated with
sour ces rtionally, in one nt,
particulates. A significant portion of the filter permeability curve K, is contained in the

operational region 72 of Figure 4. However, a significant portion of the filter
permeability curve K3 i.e., the third calibration of the filter, is contained in the
replacement recommended region 74, and is near the end of its operating life. Due to the
accumulation of data in storage device 26, trends relating to filter life are identified,

seeking a balance between minimizing the number of filter monitoring cycles, which can



a transceiver 28 may receive and exchange information

such as froma digital bus, which may be transmtted
W@r@p/0gsder | i nes or other wired or wirel ess dRUI/U8208/077649

and/ or techniques. [0028] In order to mnimze or

el i m nate shut-down of a portion of fluid system 10

while a filter 46 is being replaced, flow contro

device 11 may include multiple nodules 78 (only one

shown in Figure 1) . In one enbodinent, nultiple
resulff Uh@Sdohdh ANRritbrIRP IR dyRteth ﬂﬁ%ﬁxli i;ﬁ;bafnlh%\’\bf operating filters in a

arrangenment, such that one nodul e be mai nt ai ne
replpgenient fegomoended reatondd, o filkerfklire.l ui d system 10 whil e

the other nodules 78 are selectably i sol ated, such as

[ 00%3/){ 't u Sﬁ 150 a%)\f&!lé/t%&] gﬂa?r mglg&wﬁ% Qled %Q %\égr)ate comyoﬁer%g f flow

or to rmnt

cont\mltdwm:ta mhysltajplblvr&yd (bpeiﬁl&ﬂconﬁbaOf)oW&esoﬁJh'w 3D, sytséteinclukdss, but is
modul.e 78 jncludes a filter housi 44

mbodi t
N e
atra%?&?&ﬁ'?B:lﬂga é@ew@%%&é‘cﬁm?% Hﬂgnéﬂqﬁlcﬁ%gz& {:I%é which
ing t

nmul tiple | eads s correspon
maydysdraasiniitpd mycupasy or dimes on mgeromrdd arevibdessgleuices arg/or techniques.
Therefore, in another enbodi nent of nodule 78, the

0028 SRR eie Lok S e (g sy 1
while@afilser 46Q09BS%hg 'ﬁéplﬁde\ﬂow Rofiir@ We®icd 1 1MHAEhclude HlI8pIWInSRIules
simlar to Fi ure 1, filter housing 44 abuts and 1s in

78 (pnlione shawri Eigireoh: vip oRe pmbeditnest, surtple nadples 73, arsa\élsaosed
, ' ¢
n w814 0PRSS R ELHE el S lmgpagn i

coma:rmdlcbildnt avithd theafldidi system fllOuwHﬂe: olgTwthiet ahddulesWr hareb@élbctably

ter and ope .| eqg of d|fferent|al pressure sensor
isolae, 5,75 by S Telng 4gam bt skypo parpas B o

perﬁ?‘ﬁl a filth 6nifRirzacRevilRRl Qi%ﬁl%mg BFt a 5@[@1@' Tt %st%?uh In one

Is provided directly into ou3|n
embodimgni myulgeBnintiudess ﬁkta tanding He (amhBitersi6); fraemﬁ)ldn‘ 16, 42 and

h hanber 176, b
ol RS, S A G500 A A o
he t@Es dosregpoadiiat & b d d f e iy
e oo R Gk Imblile lrchtaihife | oilifle WUKRY tive.

Thers@nr?reamnmh@y erbgdigreah ob saguter 78,ithe only eaepests indude a filter
housﬁ%c %Iaf%lj S(Igé/(:égq[% ﬁlaﬁ 949 %i, 423 SRt ]letg?er efore be

I'ONS nusSt “accoun
change |n fllter perneability to provide accurate
[0029f orAredhiowm.in Figure 2, which is otherwise similar to Figure 1, filter housing 44

abuts and is in fluid communication with pressure sensors 18, 20. As a result, manifolds
16, 42 from Figure 1 are not required. A removable cap 66 abuts filter housing 44 and
filter 46 and is in fluid communication with both filter 46 and one leg of differential
pressure sensor 20 by virtue of tec passageway 64. Upon removal of cap 66, filter 46 can
be replaced. Pressurized fluid 32 (P1) is provided directly into filter housing 44, the
volume between filter 46 and the inner surfaces of filter housing 44 defining a chamber
176 being a known volume in one embodiment. An optional bypass 62 can be used to

evacuate pressurized fluid 32 in fluid housing 44.



[0031] Figure 3 shows the arrangenent of Figure 2 with

a val ve 68 di sposed upstream of opening 45 and a val ve
wQa Qodiogisased downstream of cap 66 and there beP@IyUs2008/077649

known vol unme between filter 46 and the inner surfaces

of filter housing 44 (chanber 76). [0032] The

follow ng steps are followed to nonitor or

re-calibrate the filter perneability K as follows. 1)

Val ve 68 is opened and valve 70 is closed, until a
[003TAXI MUYy 18 hRbkRleRIRISHUAC L IHS ﬂeﬁné‘ﬂa'i'lht?vl@%ecreases over time in

t her ebetween. 2) Valve 68 is closed and val ve 70
respgpeniechecpaing greduallypnerssileggeddartd mist therefhiebb eronitpeed; es the
CQU%IE)?JIQ lni%{.lﬁil a(‘éﬁ%;l?te rfgern::thealcgg’l fels gn\lg\nrfg%rt gggu hl tfgl lt(g: pr0v1ge accurate
infoethatioat ent i al pressure sensor 20 is substantially zero.

At predeternined time intervals, pressure val ues as

ed b ressyre sensor 18 and differentia

[0033? essUBE s WsoieapErnge ety of i 1848 agEtiyey velye 48 dipposed
upst;reﬁﬁl 4 Renile mngl'h Vdfh&e ’V(Plil'slﬁﬁe@ﬁoﬁfﬁﬁfgﬁﬁ{ of]czclﬁ 663and there being a

depressuri zed can be neasured by virtue
known vplupiebepivessisiiltes 46 and the ider serdalien 9§ ﬁtted&mmsmg 44 (chamber 76).
predeternined time intervals. By dividing the volune

ch er y.the ti of .depressurizatio
mmgj/er agf:eﬁévcf) {1? Lo B roaiowed E’Dﬂ?n&’i’ pa cﬁericﬁfgr%e e filer

pmn&abﬂmyahﬁdbudwaThe average volune flowrate is
dividing by the average change in pressure over tine

new filter rnmeabi ity value (K), mhich IS
sto i?ai"ﬁ@ﬂérogs%edd@vi vee0 23 chgagd, aitiby mapgrnpme Stable

reg&@ﬂﬁévamushachieeeé h@%b&%%ﬁo' devi ce returning to
measuring flow and mul tipl e pressure readings

taken at predetermned tinme intervals across the
f i 2} éfal\fft:ﬁ?etssiqlwgd find varoidbpeed, pemitting ptrsswhized fsskid

| O n
tr et a6 b Pecbiss e R 7 TS i s Spatt o
onelf&fémdl l’ﬁiéﬁsu&f nidauited ARt Idofferdiydl C BredshrdNRh&r 20 is
substantially zero. At predetermined time intervals, pressure values as
measured by pressure sensor 18 and differential pressure sensor 20 are

stored in storage device 26.

3) The rate at which the volume of chamber 176 is depressurized can be
measured by virtue of the multiple pressure sensor 18 readings taken at
predetermined time intervals. By dividing the volume of chamber 176 by
the time of depressurization, yields average volumetric flow rate, Equation

2 can be calculated.

4) The average volume flow rate is dividing by the average change in
pressure over time to yield a new filter permeability value (K), which is

stored in storage device 26.

10



the filter 46 is not substantially contam nated or
cl ogged and fluid viscosity is sufficiently |ow, such
W@g00be$3838 han about 100 centi poi se and exhi bi t PEIyUS2008/077649
Newt oni an behavior, i.e., substantially devoid of
shear thinning or thickening, the flow control device
11 can obtain an inferential value of the viscosity of
the fluid. [0034] Figure 3 shows the arrangenent of
Figure 2 with a valve 68 di sposed upstream of opening
45 N aRey BRVR) £4Q HoRRes St anSdv e AfdeCRR &R o
there being a known vol une between filter 46 and the
i negaswing aflew ofndf i Witker mhdiigle ngresgurec raadiegs 7@ken The

fol | oming.st.eps. are foll owed to neasure fluid .

o PSP SR asRiE e B ol afompatcg. s
cl agifithe distubdeddn @BAUARBN Wil Pl guirddr 26 Delotv, \wall Wer trénding
achj eved t herebetween. 2) Valve 68 is closed and val ve
7098Bened, permitting pressurized fluid in chanber 176
to becone filtered fluid 58 flowing through filter 46

[003§Tt L e sl daefsiddiRdt iRORS SMbEAiTRASHY (Rily Qé(ntrci] device 11 where
i f 0 'y zero.

ferential pressure sensor 20 I's substantia
the flterpitad evlesubritastchllyi aostaminaed ol dogged @sd flual visdositg isamfticiently

ol S8 By SR 5 kBl i 1
substitftialla vl oPMHeB thidiehg/6Y tﬁﬁﬁgrﬁfégﬁﬁ@ﬂ@@ leoftf8l deice 11 can obtain

_depressurized can be quantified by virtue of the
an ipfgrentipl valygrad shaiviscosinebthe IBi¢.eadi ngs t aken at
predeterm ned tine intervals. D viding the vol une of

anbgr. 17 hg t] e ri 1.0 €l .

[Oog\ﬁ;er algi lil/eosuangétv‘}rs i @ef %‘g@g?’g}e% %F j:)ﬁ éd‘l{ e?‘Z g‘%/le}} %gémsgld%gng isposed

upstfdaonof atemingst St dndra il Hedispyseld dewasesianosf @p@ogadithere being a
res urebover ime to yield a new filter pernmeabilit

kno@ ]zl

avgume defeeoHilies 46pd i nAerstppesgof didier Rause, 44 (ghaser 76).
The V%bl{tﬁﬁgé Eﬂeﬁ@ﬁre?iﬂﬂd{?éﬁi% Inhda¥ur flufd ?igcla:lg%t?ﬂl l'y cal cul ated

nown uid, deviation o erential pressure
DP may be an indication of a change in fluid viscosity

h. 1) f Valvet6dris poemesarid valye ROjis claselimet] o andxémum, stable
su?;etsgﬂé ivgllulﬁ’s a%g%%%(?ﬁlt fqb%tﬁfeeat i ng nunbered steps |1)-3)
ab a

Vé can be use 0 ate fluid vi scosity h,
versus filter perneability K

2) Valve 68 is closed and valve 70 opened, permitting pressurized fluid in
chamber 176 to become filtered fluid 58 flowing through filter 46 until the
differential pressure measured by differential pressure sensor 20 is
substantially zero. At predetermined time intervals, pressure values as
measured by pressure sensor 18 and differential pressure sensor 20 are

stored in storage device 26.

3) The rate at which the volume of chamber 176 is depressurized can be
quantified by virtue of the multiple pressure sensor 18 readings taken at

predetermined time intervals. Dividing the volume of chamber 176 by the

time of depressurization yields average volumetric flow rate Q.

11



[0036] Figures 5-9 correspond to various scenari os
flow control device 11 can encounter during operation.
WO-20090%%69| e, as shown in Figure 5 Pl stays PCT/US2008/077649
substantially constant, but DP increases and
backpressure P2 decreases. In response, a possible
action is to obtain backpressure from another sensor
nonitoring P2, if possible. If P2 continues to
decrease bel ow a predetermned critical level, the
confrphe RRARE VBRI 116% rhiB S @R BAIRG., byStHE Qvéfﬁgé’%aﬁg& v
backpressure nmessage. For exanple, this scenario fay
be preselire atviey em@f thylpMo@ acw llpwepermeattility yauauKn whiete]s a
Iea§¥(p tg% ten1 or some other fluid system
upSere “? Wn in Figure 6, Pl stays
substantlally constant, but DP decreases and
[00350CK pSi@ss UHer F}ibmne@mﬁ@s &S is lofigimalposatsulated poigs iabkfown fluid,
action_is to obtain backpressure from_ another sensor
devighipn elofiffpegniial pressuisAfsmpy ge an fndeatien pt p ghange ipfluid viscosity n.

{
e SHESKBRBUINGS, B:PBIE) & Dby bl | Bty Mfer s
1)-3balodverces ba needriesslaglte flod viexesipylg verstd Bltagenacabilitprdy
be indicative of a clogged sanple return line for
d/ mal funct i

1003547 et <5 coftsanutt BORTODSEIC TS AN SPRIY dirise 71 can

encdtinter Qﬁhﬁg‘%g&,atlbﬂt FBP ek £AFENSS ﬁl@bﬁlt 1ﬁrF1F@\Je| Y quﬁﬂs%bstantlal]y
and DP backpressure increases. hen assuned t hat

constaqg, byt |AtPemcr|@e$eﬁ~@aé| pekpyespura &2 d;é@aeeasémrespoese a ppgsible action
is to dblt&u? 'b%élﬁ% {Slslﬁ'g ghlorllrg aﬁ&héresgﬁ) P %%hatglgrg% Pf %‘ ﬁg%; lg dIff IJQ| cto% inues

eases amount’,

to dédi&ase detomoh pmi&&irmﬂmﬂlcﬁ“lltlesl 1537%: 3 mﬁe:bﬁﬁarpanshﬁdm% tié bperator,
a filter é%glacenent nmessage. [0039 As shown in Flgure
suchgas by a fguchackpressure mesyege ERFxmPiu iy sranraP aychrendigative of

a pr@d?:gs [Rebas I&%ﬁ%ﬁﬁh‘ Nite dz?lﬁlegﬁ"i’t? B2 fdill systerh NGNS ARSHEEROA N ?ar&stem

here is a low flow co tion or obstruction upstrea
upﬁmf the filter or a systemleak. In response to a
suf ficient DP backpressure decrease i n conbi nation

th Pl decrease control notlf s. the
[OOSWLer ajgo oo “ghghﬁlglgf v\é1 I stays be; J(?' h@? Jegteases and
backipB34@t PASn&beR llrﬂreﬁﬁ &HéeLa PossiBlle aﬂl@hﬁﬁﬁﬁ%talﬂlﬂacﬁ?ressure from
decreases and DP ba ressure increases. It is then

anothefs §FAsEr tprpitoringr B2.aife ppistie ur ' P@gedrdinpen teriaegsase above a
predglreﬁﬁ nEd Reriti@d1 le{n%lt e Gr2Q9! ngelvﬂotn%e? tl'?é Bﬁ r%tgﬂgs%ﬁ as by a low

ecrease I n out pressu
backprefsfure inentagBPFor example this scenario may be mdlcative of a clogged sample

return line for bypass filters or a clogged/malfunctioning device/passage downstream.

[0038] As shown in Figure 7, P1 increases, but P2 remains substantially constant and
AP backpressure increases. It is then assumed that the filter permeability K has
decreased, i.c., the filter is clogging. In response, once calculated filter permeability
decreases past a predetermined amount, the control panel notifies the operator, such as

with a filter replacement message.
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backpressure increase in conbination with P1 increase
and P2 decrease, the control panel notifies the
Wop®Passss such as with a general system err orPCEESHER077649
[0041] As shown in Figure 10, Pl decreases, P2
i ncreases and DP backpressure increases. This scenario
could nean that a valve or restriction upstream caused
interruption in inlet flow and a backflow condition in
the system This condition would normally be
[Oﬂﬁzansh @fwwﬁ‘?n @llgu?@@ B? quoidhds equap) ?&nzﬁﬁ@s@a taﬁﬂ&ﬁ the Same
rate, unl'ess a sufficient anount of particul
and ﬂPolg@bptesﬂmee detrgased. r ons thee abmmesh tig therd 1eﬁﬂ@\&tﬂ0\wetqndxtlon or

Obstﬁkﬁﬁﬁ st o b flen e Sy don 0% RAREREED 3 piifigient AP

backpRtidire| db@rea&h th 6&?151&19&101{3 @l PNakdrbdsestheN@n8BR paleP motifies the
such as with a general system error nessage 0042]

opergipr) sach prwithadewiflow ¢raditipaanessesecri bed with reference
to a preferred enbodinment, it will be understood by

[OOJO#EOSGA§ gh(gwlrr? ‘ijn IF {]9 Bl tm{)r@e%&s it '}?u(?eegja?&gﬁﬁl EP%a?ﬁ;ressure

de an eqU|va S’ may be substi or el'emen
incrédsey. ebfis vieh hssitmadiethatr therrgaré peavsirb eegtajor @éept fréblems, or filter

i nvention, In addifion, nodi fications maybe de
cloggihe iyt SH“‘HE‘P?‘?‘M{%F&%‘? A ORFe1rS, mRePRATSE $p § AR cicnt AP
bacKpRAGHHE R eRE it BSinbiRMEH & 20 PMidLOKt aﬂ'@?é"ﬁ%&r@&eft‘hg r&.ﬁtﬁﬁ panel

essential scope thereof. Therefore, it is intended

notifi¢sethe pprratonseeh dsowith o gelseallsystemendror messagepar t i cul ar
enbodi ment di scl osed as the best node contenplated for

rry n [ ut at the
[0049 A? g“l&gl[é 1% mlguljﬁbfgg r};n%ﬁ?Crez%sg? g llgil mcrez%sF:]s rﬁm% @ gecgﬁw essure
1ncr@fse§ hél"lﬁplib‘e&@@d) chal NBieid AhdYSa Walte o8 restaitticd i §treailn cAused
met hod f or nDn|tor|ng a filter installed in a fluid

intergyptionrp inlptley @pd adwrpilovs icargition avthauswela ridne pendétéon would
f
norng:dﬁ%nl_%gtr i &sfp Ul Igj PQ'%JO%PHU rilﬁﬁ S RB L aGk %ﬁ{lﬁlﬁ}ig a?ef CglrI}]less a

aving a novvn VO eaSI ng a
sufficivet amantteof pamitilgler eidggeml ﬂieovnlvd’] Iﬁ@ﬂg Ithet backs@dt eandneféectively

plugg?(g%lgl}giiﬁnﬁ}?é%) %@g{? rg{'eess%rr]g tc} reé ain ﬂlgqur:reth\élﬂn gtsprgstsure. In

response to this condition, the control panel notifies the operator, such as with a general

system error message.

[0042] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thercof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling within the scope of the appended

claims.
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predetermned tine intervals; determining filter
perneability values in response to neasured pressure
WwW@rwInessper at ure val ues; and conparing the filRPE&F/US2008/077649
pernmeability values to predetermned filter

perneability values. 2. The nmethod of claim1l1, further

i ncluding an additional step after the conparing step

of storing the filter perneability values. 3. The

nmet hod of claim11, further including an additiona

cLAIvp after the conparing step of replacing the filter

perneability values to previously stored filter
perneability values. 4. The method of claim1, wherein

Whatigclaimgdisr "is upstreamof the filter. 5. The nethod

of claim11, wherein the chanber is downstream of the

[ he . ' . [ chanber
- B oG Eh B S R IR, Al SRR
of cl aprovillingf airdféretice mgiondhnie Avidagidich, AhatepidredcRidings a
the co ?{igg tep of replacing the filter in response
t o “h#raberihay KB8IYMEy val ues being | ess than

pr edetr%femsiﬂgcﬁ feialdt ?ﬂ'onp%ér%ﬁ%i)cj:rt ¥0r1 H&IS to Eilow-r!'t]l‘frough the

met hod of cfaim 7, wherein the replacing step i's

capefbtescorfeghyal ng performed w t hout having to interrupt
met hod .of ¢l aj m

operation of the flé%f system 9., The 4

8, whePE R RhB PR §Ea§15" valughptaedtaminedgrations ot
W pedefeenidediicheStwame; 10. The nethod of claim 2,
wherein the storing step further includes storing the

dat e dletarmifing filtghpermeabilityt valuesringesponsthid incgsuveal pressure

we The ,met hod of claim 10, further
in%ﬁ%g%ﬁ%?aﬁeié%$%?§%al step after the storing step of

i ndi cabimpgring et iRt eferticaBiligur aihican 16 OpFeasARAEM O fitter

a filtey replacenent based on previously stored filter
pePrEwaPIitY Valyet ues. 12. The nethod of claim 10,

further including an additional step after the storing

- hegpethpd oh glairatli %g’th&h ineduding e additipnsal gtep afteo thefcomparing step

STURIARURI B I PR OIIRY Rfued N il ter based

. The method of claim 1, further including an additional step after the comparing step
of replacing the filter permeability values to previously stored filter permeability

values.

. The method of claim 1, wherein the chamber is upstream of the filter.

. The method of claim 1, wherein the chamber is downstream of the filter.

. The method of claim 5, wherein the chamber is immediately adjacent to the filter.

. The method of claim 1, further including an additional step after the comparing step
of replacing the filter in response to the filter permeability values being less than

predetermined filter permeability values.

. The method of claim 7, wherein the replacing step is capable of being performed

without having to interrupt operation of the fluid system.
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on previously stored filter perneability values. 13. A
nmet hod of obtaining a viscosity value for a fluid in a

WO bawo4389&t em the steps conprising: providi ngP@I/US2008/077649

10.

11.

12.

13.

reference region in the fluid system the region

i ncluding a chanber having a known vol une; releasing a
fluid fromthe chanber configured to flow through the
ref erence region; neasuring pressure and tenperature
val ues at predeterm ned |ocations at predeternined

ThéRel U IR 8, APR&EERTthe APIRi §ibP CmBudtBd B BRI Svith the

val ues at each of the chanber and the reference region
Heidsyserat ermined time intervals; determining a filter
pernmeability value fromthe measur ed pressure and
Tenpethat wfelamal 2jesheacid thd eton'ag stiep dtuelier dndlfidusestaring the date or

ressure.,v det | east, one of a mmss
‘?’F‘SW’P’V Eﬁﬁﬁﬁf ?ertﬂm' L?‘?Fé‘(ﬁ“’r%l?’é’f dof the fluid from
| e sé g f of the nmeasured pressure and tenperature
R ©

1Qafwrtheninslpding dbpdsiaqnal slep pligisihe storing step of
ff&’}la{j:?%%ar?&qnﬁsﬁml e%pﬁfmﬁtﬁrrgﬁ)\bhﬁﬁlg t@'ﬁ%lfj&t gﬁl%&kﬂ?b%ed on

I'scosity va er ei I'ter
waﬁueﬂyQW&MdﬂksmbsnamﬂuawhmeMnchanged betmeen t he
predetermned tine intervals.14. The nmethod of claim

TR methed eif vlairhd Of further inchudingoat aduificial yepBaEOHE @tﬂmng step of

t ween the predetermn ned tlne intervals, 15.
Hg AR B ctimited 49 dppabioa;fer & Rebssqsat mositerng e%thr:é'ﬂt@r based

SIBRMBLIY SRR ﬁlil&pe&lp%bnﬁ b?q%ef claim 13, wherein the

relea3|ng step i s capabl i ng perfornmed wthout

Ghedq b o &Jb%ﬁl%%%%sggs?{yaﬁdlgg f(g)rf tfﬂﬁd +ua %ulsdy ?)gfe Fj ti}lg'steps

he net erein theré easi ng
warptisniged in parallel with the fluid system 18. A
flurd Sgwél%rgnacr% erérllc?alrgggmn m the fluid system, the region including a
chamber having a known volume;
releasing a fluid from the chamber configured to flow through the
reference region;
measuring pressure and temperature values at predetermined locations at
predetermined time intervals;
determining a difference in pressure values at each of the chamber and
the reference region at predetermined time intervals;
determining a filter permeability value from the measured pressure and
temperature values and the calculated difference in pressure values;
determining at least one of a mass flow rate and a volumetric flow rate of
the fluid from at least one of the measured pressure and temperature values
and the calculated difference in pressure values, and from a separate device;
and
determining a fluid viscosity value, wherein the filter permeability value

remains substantially unchanged between the predetermined time intervals.
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a reference region including a chanber having a known
volume and a filter; pressure and tenperature sensors

walc@possas at predeterm ned | ocations al ong t hePCT/US2008/077649
reference region; wherein upon selective release of a
fluid fromthe chanber configured to flow through the
reference regi on and neasurenent of pressure and
tenperature val ues by the pressure and tenperature
sensors at predetermined tinme intervals, filter
perneability values are cal cul able. 19. The fluid
systemof claim 18, wherein filter perneability val ues
are cal cul abl e wi thout having to interrupt operation
of the fluid system 20. The fluid systemof claim 19,
wherein nultiple reference regions are disposed in a

14. PRL xaﬂeltheold & Elgﬁgﬁg}s%érein the filter is substantially unclogged between the

predetermined time intervals.
15. The method of claim 13, wherein the separate device is a chromatograph.

16. The method of claim 13, wherein the releasing step is capable of being performed

without having to interrupt operation of the fluid system.

17. The method of claim 16, wherein the releasing step is conducted in parallel with the

fluid system.

18. A fluid system comprising:

a reference region including a chamber having a known volume and a
filter;

pressure and temperature sensors disposed at predetermined locations
along the reference region;

wherein upon selective release of a fluid from the chamber configured to
flow through the reference region and measurement of pressure and
temperature values by the pressure and temperature sensors at predetermined

time intervals, filter permeability values are calculable.

19. The fluid system of claim 18, wherein filter permeability values are calculable

without having to interrupt operation of the fluid system.

20. The fluid system of claim 19, wherein multiple reference regions are disposed in a

parallel arrangement.
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