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BACKGROUND OF THE INVENTION

[0003]) Many industrial applications require monitoring of fluid flows. In addiﬁon,
the fluid flow strearns may contain contaminants, such as particulate matter that rﬁay be
removed from the flow streams by filtration. Owver 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.
av _ AP

g= ? . 4nL
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dv Q= dt are Ap = 417L [1] WD
2009/ 045838PCT/ US2008/ 077649 [ 0006] Equati on 2 shows
the circunmstance when a first pressure gauge (P1l) and
WQ28pP48¥8ent i al pressure sensor (AP) are enplrayars2ioso77649
the Darcy's | aw equation, while Equation 3 represents
shows the circunstance when first and second pressure
gauges (PlI, P2) or absolute pressure sensors are
enpl oyed in the Darcy's | aw equation. dV,z12(AP)
= K[2] dtzitg dvmd 2 (Pl - P2)
[0006]  Equation 2 shows the circumstance when a first pressure gauge (P1) and a

differential pressure sensor (AP) are employed in the Darcy's law equation, while
Equation 3 represents shows the circumstance when first and second pressure gauges {P1,

P2) or absolute pressure sensors are employed in the Darcy's law equation.

. 2
v _ AP

0= dt 4nL 21
.=__{V;_xmf {(P1—P3) 3]

dt Anl.

{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

obtained.

[4)

* dm - . = °M APP,
dt ARLRTZ(P.T)
~ dm - ad (P, —F,}
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4ar 4nL

[5]
(6]

[0008]  Filier 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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[0009]  Once filter permieability is known from an initial state calculation of mass
flow or volumetric flow (by measuring pressure drop over time in a fixed volume), the
fluid viscosity (1) can be calculated as shown in Equation 9 (using volumetric flow) and

- Equation 10 (using mass flow for gases).

AP
=K - [9]
410
o T AP
n = Kp—— [10]
" 4L m
 Where

d = Hydraulic diameter or flow passage diameter af porons restriction or lmminar element
A= Hyvdraulic area or fiow passage area

AP = Pressuve differenrial across restriction (Prereem — Pimenstracns?

L = Length over which the pressure drop occurs

7= Fluid absoltre viscosity

p=fhad density (either gas or liguid}

M, = Molecular weight of the gas

X = Matertal peymeabiliry (for porous media)

V= vohone o ' .

I =time

- Q= volumerric flow rate fvolme per unit time)
dr = time differential S
dV = volume change rate ' .
Z(P, 1) = Non-ideal gas compressibility (function of pressure and remp.)

[00.10'] In one aspect of the present invention, there is provided a method for monitoring a
filter installed in a fluid system, the steps comprising: providing a reference region in the fluid
system, the region including a chamber having a known volume; releasing a fluid from the
chamber configured to flow througﬁ the reference region; measurin g preséur.e_ and temperature
values at predetermined locations at predetermined time intervals; determinin g filter
permeability values in response to measured pressure and temperature values; and comparing

the filter
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Equation 10 (using mass flow for gases). ne2SP =
[0010a] In another aspect of the present invention, there is provided a method of
obtaining a viscosity value for a fluid in a fluid system, the steps comprising: providing
a reference region in 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 filier permeability value

remains substantially unchanged between the predetermined time intervals.

[0011] In an embodiment of the present invention, there is provided a method of

obtaining a viscosity value for a fluid in a fluid system.
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[0012]  In another aspect of the present invention, there is provided 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 predetenmned time mtervals filter

permeabﬂlty values are calculable.

'[0013] Other features and advantages of the present invention will be apparent from
the follomng more detailed description of the preferred embodlment, takcn in
conjunction with the accompan}ung dravwngs which IIlustrate by way of example the

principles of the invention.

BRIEF DESCR]PTION OF THE DRAWINGS

[0014] F}g lisa schematlc view of an embodlmcnt of a portion of a fluid system of

the present chsclosure

[0015] Figs. 2-3 are schemauc wews of a]temate embodiments of a portlon of a flud

system of the present disclosure,

[0616] 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 disclosurc

[0018] Wherever possible, the same reference numbers will be used throughout the
'drawmgs to refer to the same or like parts.
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by the pressure and tenperature sensors at
predetermned tine intervals, filter perneability
val ues are cal cul able. [0013] O her features and
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fromthe followi ng nore detailed description of the
preferred enbodi nent, taken in conjunction with the
acconpanyi ng drawi ngs which illustrate, by way of
exanpl e, the principles of the invention. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0014]Fig. 1 is a
[0023 h e n frercpassingnthofugh fil tend®) prasmunized fluid 32Wetome fOferd fluid S8,
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Filtepagl flujd 58 is further directed through passageway 52 in fluid communication with
passageway 48, which fluid referred to as pressurized fluid 60. For ease of description
and conventence, the pressure value or magnitude as sensed by pressure sensor 18 is
referred to as P1 and the pressure value or magnitude as sensed by the one leg of pressure
sensor 20 in communication with passageway 50, which is pressurized fluid 60, is P2,
The pressure value P2 refers to the backpressure downstream in fluid system 10. It is to
be understood that while pressurized fluid 32 (P1) is shown in Figure 1 upstream of filter
46 and pressurized fluid 60 (P2), and that the pressure value or magnitude of pressurized
fluid 32 (P1) is greater than the pressure value or magnitude of pressurized fluid 60 (P2),
both the pressure magnitudes and thus, directions of travel of the pressurized fluids, may

be reversed.

[0024]  As further shown in Figure 1, flow control device 11 operates as follows.
After valve 67 is opened, pressure values or magnitudes of pressurized fluid 32 (P1) from
chamber 76 are sensed or measured by pressure sensor 18 at predetermined time
intervals, while differential pressure values or magnitudes 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 vatues commesponding 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.
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reconnended region 74, and is near the end of its
operating life. Due to the accumul ation of data in
storage device 26, trends relating to filter life are
identified, seeking a bal ance between mnimzing the



abuts and is in fluid comuni cation with pressure
sensors 18, 20. As a result, manifolds 16, 42 from
Figure 1 are not required. A renovable cap 66 abuts
W@ 2q09/8458380usi ng 44 and filter 46 and is in fPATAS2008/077649
conmuni cation with both filter 46 and one | eg of
differential pressure sensor 20 by virtue of tee
passageway 64. Upon renoval of cap 66, filter 46 can
be replaced. Pressurized fluid 32 (P1) is provided
directly into filter housing 44, the vol une between
[0030] | t dt i ® bndndenstoddniher the Uilfea pesnaability Ki étcrdagsssivieg) tidd in

fi.ni cha 176 being a.kno vQl U i n,one
resp i oBbrfid AABHEL B, Mol BB et ire FeaneriGre, as the
equativas s fot@ms Ubt 2R chingedin3 filten pelnkaliliOUs | f16vidé -accurate
inf WD 20091045838PCT/ US2008/ 077649 100301It is to be
OI8P st ood that the filter permeability K decreases
over tinme in response to becom ng gradually nore
[00328] 09 @eglire BNEhowss thet hiedpEeR HE FIRd ROWARS, a 38IvE R disposed
e u%élons ny %HPCC unt for the change in filter )
“Ps“ﬁgr‘ SBFTRg y5s HYOVE dedisposert davensirdtg ofpap; &5rand there being a
knowrDRHEhE bt Bt N WRd HRSnidt LRBLEIEINNP o B cRmtlet F),
a valve 68 di sposed upstream of opening 45~and a
al ve_70 dj sposed downstream of cap 66 and there
0033 ng TRE KALWING ofteRse a5 folewad fip| menitorgom metcalibeate rthe rfilter
permehbiligaess Rk | ter housing 44 (chanber 76). [0032] The
followi ng steps are followed to nonitor or
re-calibrate the filter perneability K as follows. 1)
vallv & 268 98 1sgpenesiand eplxeaTQ/ts closeilsuitil ggmaximum; stabla
' vafik a0 8 ue i s achieved
therebetmeen.(%¥H%g§§55%%¥$g cl osed and val ve 70
opened, permtting pressurized fluid in chanber 176
t

o b¥IYeES 15 qlesed agd valve W @Bned, pammitingrougtred fihidan 46
Bhihbd N6 % bLBHE MRl RACSPHESMIRAREL il s o il fhe

u
differential pressure sensor antma
z shifgerential presgoree myasveall biyngiffendntinl Pressurpr easur 20 is

% . sured ressure sensor 18 and
PRy 2RASAC Ol BREE g PR abret et of age
dendamge® by prapurthensontld @id ditfbehtidl HReyMle WaBs0P 0 are
c@gﬁ%@r %]6 EF degéessurized can be neasured by

virrt e ST ECREF t9-pl e pressure sensor 18 readings
taken at predetermined tinme intervals. By dividing

t B@ Wi rateeat ofhichhiaelumk 43 chymbéiel 76118 BeRéssurized can be

depressyri zatio i el ds average volumetric fl ow
- Feastrg b e o e Faiple aTcstia sewor 18 yatings iakes ape

v phedeerrhinetife ifedvals By diBtg ie (iEmaYEERGRL ANGE. I N
pressure_over tine to_%$eld a new filter perneability
v Hhedwnq e deprgmyueiration, wields average wilwneiye fldewvite Eq@btion WO

26Q94 ASIIRRGT/ US2008/ 077649

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

stored in storage device 26.
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5) Valves 68, 70 are reopened, with the flow control
device returning to neasuring flow and with nultiple
véoressure readi ngs taken at predeterm ned tine

KPP across the filter, checking for anpgBikResor7eae
as wll be discussed in conjunction with Figures 5-9

bel ow, and for trending data. [0033]If is to be

under stood that in one enbodi ment of flow control

device 11 where the filter 46 is not substantially
contam nated or clogged and fluid viscosity is

suf £} cYadves|68, TOwre s«g@h@sﬁﬂﬁ&s %ﬁ%n%@%&d&qwi%g to
CenficnQii exhi bi £in oni an behavior, i.€.,
subé’lt ant ﬁ‘gl @)E}g'deﬁngi d” 31?@@& t FiS¥HTen greatingsh tekemi atg,

t heptiflebenmimadt tirod irdevals @crbds GamIEDRLR AN} i.al
vawﬁlﬁ the vi.scosity of the floid [r%gfgﬁ?%ag%%

shotl Fndiscpsed i3 SRrmrctiop withgigwres-Ribefova avd forreiging

di sjpased upstream of opening 45 and a valve 70

di sposed downstream of cap 66 and there being a known
.between filter 46 and the inner surfaces of

| ung b
[00 :ﬁl ;’Ie 1?1t(5’l.]3§| m&@oﬁ thak igae cmpdmmmeoffﬂﬂw owitioldstieid where
the fiter 462b howsakriniallp 85iafinhlel bFNLRAIR I Mioohly AL o

tow2 8, S_ opened and valve 70 TS |
OWs SU ¥ (5% denrabovial ke contipeish iaml eshiditias ARGHWERN behaor, i.c.,

bat@ltMBy B& ok : lve .70 ned, permtting
S B ok OA AN o} Bk Enid RPN imsbE Sevige g obtain

an iferenial yrglug job thierviscosityaifgfie fhiid.t er 46 until the
differential pressure neasured by differential

00331 es [ ubstantially zero. At '
O et aute =P 30k e BB CS ied 7 3han volveass dispose

vpstipgmsafopening 4 a5 valee S@dispased Bowithesth bf 85 LH é:él'eth% being a

knowd 6 ns 20 are stored in storage ‘devic
”3) ‘?E’g‘t’ ?5‘?"%@%%%{%‘%&?" Qs |SuFfeces pr ﬁlﬁm?mwna%(qhmber 76).
The fdlowiresseps asdolloned® kgt flidedsday virtue of the

mul tiple pressure sensor 18 readingg t aken at

pr ined ti intervals. Dividing the volunme of
ch nﬁ?‘ea?“ei%/%mb@w%aqﬁaivwo Heppedsuntil zamaximuyi, siabie
avieemge vk imhicved feRBefvale Q  4) The average
volune flow rate is then divided by the average

c ' ressyre,over_time to yield a new filter
p?%g&é E? Fsy“?%# ard }@\i"%‘% eRened; pertting prosswtzed Agid in
dehireber266 td BA3RIiRAR i %?F | i i

orid.gin rJ y cal cul ated w‘i‘iggﬂﬁ‘ﬁ’g‘% %‘i%ﬁ%gg\}lf‘iﬁhﬁn
of‘fng‘f'ﬁ HEFWE preassyl by Apifferoptible peassire el i DM i9f a
C kamemtihiy Eiil dayi 1. Jf. filter pernmeapility K
i s assgngd 4tnjg b%ygﬁgg? gltrlll ?J]af]f")? ]@Iﬁﬁ"fﬁsam%és‘fr’éﬁ’é]é]ﬁ %)
niFBBIet by hegseure sesipr dBoand differcintal yo@surk Qessal 0yl AL €

f bidkedd i LB EQS] versus filter perneability K
[0036]1Fi gu egg'égg%dorrespond to various scenarios

flow control device 11 can
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
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encounter during operation. For exanple, as shown in
Figure 5, Pl stays substantially constant, but AP
i ncreases and backpressure P2 decreases. |In response,
WO 29043838 ¢ action is to obtain backpressure ¥OTR2008/077649
anot her sensor nonitoring P2, if possible. If P2
continues to decrease below a predeterm ned critica
| evel, the control panel notifies the operator, such
as by a | ow backpressure nessage. For exanple, this
scenario may be indicative of a process upset on the
r et4ir Fid gverage goluggklownratetie ieh divddeslyt ttheravebige ShivRe in
ot ' t.em. et 37] As shown |in Figure 6,
Py Peesine WL SHS S TIP3 lexl R At el ke s inn
bactoprdos strapcdEvice2é.eases. | n response, a possible
action is to obtain backpressure from another sensor
ni t@r i ' si.bl.e. If P2 coniinues to
mﬂﬁc r e%ééecn giggl\zl 2 ellé;es?lel eljgrl?ﬁoﬁlgﬂ" ¥i ct"’ﬁ’b‘iﬂ"': | #ith) 2 koggn fluid,
devigtmt ofcliffpremizl presturd APzl Ibe a8 RRNGLON of FdHahed Y3 AsdoBiy n.
y

ckpressure nessage. For exanple, this scenario na
tfi %Ple n |3§§#¥g 58?5“’5‘%8 F‘bg‘g%’&%ﬁféoﬁséﬁfﬁrfﬁpﬂam@nﬁmbﬁed steps
1)-3pytoRs sad b dsed s AlcuuCNAIIRMAR I 1861 1R iti
devi ce/ passage downstream [%%518] Agssfﬁ%}mﬂgyﬁaﬂn&ﬁ‘e
i ncr P2 remai ns substantially

P1.. ses, but
10038, Figres, 5 EPTHREKD IR Yatiow soeenissle dontrpk devien 11 can
encoastatBthgl dirtatioRe Fok lek8hpl SLRARA i Foult B35 ¢ nﬁsé&a%?tgn%aﬂy

i.e., %]é]e filter is clogging. In response, ©
consfant, bit§ 4% ingreesqsasd baekprassuse PR dgerdascs. caesponss b passible action

is to BhRFEHLLHH W h trol n notifies the
® Ooper at o%&%ﬁ%hﬂadgig W tpﬁtsgi%f) ﬁ%p 'é]rmrnggjl’}agjé’ﬁésﬁ‘?le' g’geF@ét.m“es
to degyorseOiesdon 4588 BRONTICUSHEOS 1672F, 64O cok OB RIS nskidind Bperator,

i creases ut P2 repmins substantially
such Fﬁg&' é gcr'r‘g b%\%h reg%r%) §1§ R3S QI eBampley 'gfa?sgé%‘?mP mayderipdipative of
a progess e ot s retuire dige,i ssleak fnome fuRMeyseRdbE §@Rk Qther fluid system

eak.

upseobstructi on upstream of the filter or a system
tIn response to a sufficient AP backpi essure decrease
[003i n conbi nation with Pl decrease, the control panel
Hot i A5 ebowthin Bigesead, B, st Glibsasiwilf BorRtzhOW
backp‘f&n ieg; an_nessage. [0040],As_shovvn}ti_n Fi g’]u_ru{ehg\,lacgfases and
TEEHEAChoretiGt Poresnonse a9essibla actiom ip ta kiaie decimeessure from
anothem 6€r335 aronitofing P24 NPTLARBITE G AL AELE (AIERLESIILE
red'reculéltl_o,n creep problems, or filter clogQi ngr -
preceteriiihed SR Jovrb cthe £ontrolpasek hasifies ths sperator, Isaclt @S poRSBw
backpt@size #ébdabSi BoHt A BRSNS IGT 2aSe |
combi nat iagn W th P}l)fél’ ncr ggrg%gal\lﬁ%’ qﬁén@é%’vgggéf’lﬂgﬁ%l sample
retumdipg dordtyppss fllersmatai dlagped b Hinepieniap devicdpbakhed doWhitiard,
general systemerror nessage. [0041] As shown in
003811 JWEhdOn iEF; i eases d AP
[ Eackpr essure }gﬂg{%gﬁzgéeaf%gu{s@ﬁﬁ}af% Sﬁ%ﬂ”&%&ﬁs@ﬁh@d
AP bagkprghsyee dncreagest r ilttis ahenu pstmed thaats ERltdr NBRMEARNi OR has

l.0g 1:0l f . a a_backfl ow conditign in the syStem
docrecd, (1% The e ‘%g%%g-ng? AEPPYsep anger spheilatert filters pepmeshility
decreaP® masub grediquahingé amothtARowkirel SALI Addled ik ot &S Such as
with a _%;}ckent%gnnunt of particul ate clogged the val¥e
Fom THe BaL REFE%and ef fectively plugged the filter
t hereby all owi ng backpressure to renmai n higher than
inlet pressure. In response to this condition, the
control panel notifies the operator, such as with a
general systemerror nessage. [0042]Wile the
i nvention has been described with reference to a

preferred 12




enbodi nent, it will be understood by those skilled in
the art that various changes nay be nmade and
equi val ents may be substituted for el enents thereof
WRi20t@di838leparti ng from the scope of the i nvaitiBeslotreso
addi tion, many nodifications nmay be nade to adapt a
particular situation or material to the teachings of
the invention w thout departing fromthe essenti al
scope thereof. Therefore, it is intended that the
invention not be limted to the particul ar enbodi nent
1003 sc| bs shbvasirt Riguiees; tP IndsteeaS@N bl Ab@bhs! Qbstadfalty tiPsame
and QP ch%rs | nv%ntl on, but that the invention wl N
R PAGRTSSITe RGBS i dhanaspumeg ttthera it s lows Bowp somdition or
obstrdetioR pPeRAR of iRl flRer oMW s¢0031R40838R 08/ 04764
b CLAI l\/pIS@V%at is clained isis:gr [:;L)I% %@mgﬁ(ﬁpgzﬁogisﬁ%}ﬂeﬁgw
ackprossyre Slecreaserin qombpmation, withyP Y dereasenthe tohmtrad tpepel notifies the

oper@@RRuEISAsith a low 6w ¥l A fgrence region in the
fluid system the region inc ing a chanber having a
own vaql uneg; releasing a fluid fromthe chanber

[0045 nf i}b';l.ﬁl@&rnt iy Higwey% R dogrbesesh dut EE deemases amb) ABrhackpressure
incré¥Be&s Uf isng t re val ues at
e or edet er merﬁed %kf:gitaﬁg%? %?B%:S%%e{egﬂgﬁ% §FofR prgblems, or filter

cloggipg avithal multaneodiedesreaseninnutiti presurepdn Epbisk ith ¥ siFclE AP
t enper at ur e

' . asLr ed. ssure and
backpRpsEEROREE ih SollBRRNG b T éitie a2 iemsenive oytol panel
notifiea theapetaprpmeld et iths geskrilishdian cREY ARk i ty val ues.
2. The nethod of claiml, further including an
ddi t4i.0 S af t he conparjng step of storing
_{0349he %}‘ISI {ﬂglr’m plé‘ralﬁg'g ifqr’tﬁ)} %ﬂr‘ﬁ'g%? P3 ingscasepupf AP dackpressure
incregdeal nlhis foandrive ol G Mt a0 valell drl RBRcHSH SBstAfake baused

.. the co Lng step of replacing the filter
interry ?%‘ﬁgﬁﬁ .h&}‘%\?ﬁﬁ G@éﬂlff@%%\ﬂrtmwwh%mm Thii$ camdition would
normplty b &didnt, YasVAl #ISP2 would equalize and AP would cquilibrate, urless a
sufficient amount of particulate clogged the valve from the backside and effectively

plugged the filter thereby allowing backpressure to remain higher than inlet pressure. 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 depariing from the
scope of the invention. In addition, many modifications may be made to adapl a i)arﬁcular
situation or material to the teachings of the invention without departing from the cssential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this mvention, but
that the invention will include all embodiments falling within the scope of the appended

claims.
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4. The nmethod of claim1, wherein the chanber is
upstreamof the filter. 5. The nethod of claim]1,
wherein the chanber is downstreamof the filter. 6.

Whrzeowmasdsnd of claim5, wherein the chanber iwrwus208077649
I medi ately adjacent to the filter. 7. The nethod of
claim1, further including an additional step after
the conparing step of replacing the filter in
response to the filter perneability values being |ess
than predetermned filter perneability values. 8. The

CLABYIBod of claim 7, wherein the replacing step is
capabl e of being perforned w thout having to

Whiy Eﬁgﬁ{ﬁt. operation of the fluid system 9. The
rrtle}% od of claim8, wherein the replacing step is

conducted in parallel with the fluid system 10. The
1. Apnéthel! fof mohiering, filkd eriseilled s vensH Qydiéis] 15d %ﬂg{schﬁlﬁJHFifn%:
[ r

i ncl udes .é.tori ng the date or tine on which the
per medBP V11§ a\/"S&TPé?e i @18 dyid systemythe mgioh datlefing a

cl @hambled hatitig 4 Redwil NALMEI N an additional step after
the storing step.of indicating an estimted tine

dur at i"6fPsE R Bt fmm gdhe chamber canfigmep| tactome nthrdugs el

onrag@ydquébﬁ{; stored filter perneability values. 12.
The nmethod of claim 10, further including an

addi t imsArngreqssie rad taniperabire valngs & iphfdeRiminkd Bickiins 30
anpl%ﬁétbr%ﬁ&gt}'rhéﬁfger%ﬁr-at' on for a subsequent

noni tgrl ng Fter based on previously stored
filt edetprminingtfiter pyrmeabiligsvalled. in AesiBrisR 96 mhspld %E#L-g
a Xﬂdsi&%Si t%vaﬂh%e. far afluidin asgf&? uid syséterr?tle e
st eps CoAPTrTsTHy™ 8 nhroviding a reference region in
the f betighriags U@Mfilich pdBRhiAN . Valuddi 9 dg;gg,fig,e

havi ng .known vol umel;} rtgl easuilégg{&a p?? ul re‘gnﬁ{t?fe
c HEREPIEE ¥rlvEr ed to f1ow through the reference

egi an; . :
2. Tli]e %w(t)hod of claim 1, further including an additional step after the comparing step
of storing the filter permeability values.

3. 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.

4. The method of claim 1, wherein the chamber is upstream of the filter.
. The method of claim 1, wherein the chamber is dewnstream of the filter.
- The method of claim 35, wherein the chamber is immediatety adjacent to the filter.

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

predetermined filter permeability vahues.

. The methed 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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nmeasuri ng pressure and tenperature val ues at
predeterm ned | ocations at predeterm ned tine
i nterval s; determining a difference in pressure
WOAIU43]  each of the chanber and the ref er RETAIS2008/077649
region at predetermned tinme intervals;
determning a filter perneability value fromthe
nmeasured pressure and tenperature values and the
calcul ated difference in pressure val ues; determ ning
5 %f‘ Ieﬁlzg1 one of a nmass flow rate and a volunetric
+ fPoWeied of staim He whersinitherreptacing Stemist conthectaf intpaealle]l with the
ABRASYEEed pressure and tenperature val ues and the
cal cul ated difference in pressure values, and froma

10 RIS 9245 BB e SR el e e o

timf ge whishdheGites posnahbilicabdlyes weedwasrg@éd bet ween t he

redetermned tine intervals. WO
11 'Eiwgptb%g@@mm IR fTirBrDanl AiditbRel 18 404 tef stédidl fep of

: ereip the filter.is substantially uncl ogged
e limbiag o RHtins TR PRE & 3 Shter roplseomane based on
nretitrelly obred literpeddeabitite gl t he separate device is a

chromat ograph. 16. The nethod of claim 13, wherein

12. Thganethddoafsilaig HY, Gigrites ichRaly £ &H't%ﬁmf&g@ﬂ i
i%.t I?lout' havi ng,to ipterr ug?%l operlalti on of teﬁg{eg?og}nﬁ step of
LY Bman FmatE e digrtiop forcs sibpsquent merstosing of the filter based

on Gk QRIS FEEHdr DeARBHAY Cfludsh Paral lel with the
fluid system 18 A fluid system conpri sing: a
13. A edettfodnsre ' [ fall aphar: hay ng a kno
| cgrg{;ﬁﬂe an%gtgg%‘nlgﬁ gf&? o4 M1 IATRR i ¥t system, the' steps
sing:

providing a reference region in 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;

defermining 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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re and tenperature sensors disposed at .
g::z:gernined Iggations along the reference region;
wherei n upon sel ective release of a fluid fromthe

weraearssgonf i gured to flow through the ref ergiggsioosmrr610

regi on and neasurenent of pressure and tenperature

val ues by the pressure and tenperature sensors at
predetermined tinme intervals, filter perneability

val ues are calculable. 19. The fluid systemof claim
18, wherein filter perneability values are cal cul able

wi thout having to interrupt operation of the fluid
system 20. The fluid systemof claim 19, V\/herelnIII
multiple reference regions are disposed in a paralle

arrangenent .
14. The method of claim 13, wherein 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 systern comprising:

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

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

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

time intervals, filter permeability values are caleulable,

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

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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