“e3ecN"”™_a. JaHb6bTcr y6METHOD AND SYSTEM FOR LI QUEFACTI ON MONI TORI NG FI ELD OF
THE | NVENTI ON The invention relates to |liquefaction nonitoring. Mre
particularly, the present invention relates to a nethod and system for
nonitoring the Iiquefaction status of a gas in a gas distribution piping
system BACKGROUND OF THE I NVENTION to Specialty gases are often used in
numer ous process steps during the fabrication of advanced sem conduct or
devices. Gases with | ow vapor pressures at roomtenperature, are typically
stored as liquids in a container, under ltheir own vapor pressure, and many
of them are very hazardous i nst ances, the process gases nmay have
to be 15 transpdYiEdHQ M@Das’éﬁ’EEP{{EQRb[@U&F&QTWI&MQNSIJ @o a reactor
across a manufacturing facility. Changes in the anbient air around the
pi pi ng system may affect the physical state of the gas inside the piping
system ForIEEROPITHE BNVENIRORt ur e decrease or a pressure increase may
cause the gas to liquefy and result in adverse effects on the performnce
of the gas distribution systen1 including pressure fluctuations, reduced 20
conponent life sone case erous che rea t|on Efforts to
o Lor | 1 quet 2Lk lgHentip TEates 1 BiusterRon roRi et g Mtie PEECTaNY st e of
such gaseqj
Ilquefactlgﬁe %éh t%%%Q%ng%ﬁgQ§tHagQQ%OB@ﬁg%&hegﬁ%g§§§gﬁgﬁ%éﬂgggﬁﬁn
expensi ve ﬁgﬁcﬁﬂhbmﬂﬁh@phghyqund formation 25 after |iquefaction has
occurred. Thus, the need exists for a nore cost-effective nmethod of
nmonitoring |liquefaction before it occurs.

BACKGROUND OF THE INVENTION

10
Specialty gases are often used in numerous process steps during the fabrication of

advanced semiconductor devices. Gases with low vapor pressures at room temperature,
are typically stored as liquids in a container, under their own vapor pressure, and many of
them are very hazardous. In many instances, the process gases may have to be

15  transported along a gas distribution or piping system to a reactor across a manufacturing
facility. Changes in the ambient air around the piping system may affect the physical
state of the gas inside the piping system. For example, a temperature decrease or a
pressure increase may cause the gas to liquefy and result in adverse effects on the
performance of the gas distribution system, including pressure fluctuations, reduced

20 component life and in some cases, dangerous chemical reactions.

Efforts to monitor liquefaction - i.e., a change from a gaseous to a liquid state, of
such gaseous materials include the use of optical devices that detect liquefaction by light
scattering. However, such devices tend to be expensive and only detect liquid formation

25  after liquefaction has occurred. Thus, the need exists for a more cost-effective method of

monitoring liquefaction before it occurs.
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SUMVARY OF THE | NVENTI ON The present invention provides generally a method
and a systemfor nonitoring 5 the |iquefaction status for a gas based on
pressure and tenperature information about the gas. According to one aspect
of the invention, a nmethod provides for gathering pressure and tenperature
information froma gas product in a gas piping systemand determ ning the
| i qguefaction status fromthe gathered information. In one enbodi nent, the
pressure and tenperature information are represented by two paraneters that
correlate respectively to with an operati ng tenperature and operating
pressure of the gas. Based on the two paraneters and reference data
i nvol vi ng pressure and tenperature for the gas, the |iquefaction status of
the gas is L ‘.:e Accordi ng to anot her aspect of the
i nvention,=&a—sys . r determining 15 and reporting the
|l i quefaction status of a gas. In one enbodi nent, the system conprises neans
for providing at |east two paraneters correlated respectively to an
oper at i ng t enpeFlhe presenhingrentrongpevides gapeplly aguethodand hsysteas for meeniterihgr
provi di ng pne or, npre reference data sets for, the gas, .neans. fo
et er mishi e PRECERFIARSFARES f95 A 883 bASRA OB Prassiue Gl teBipeRiins AnlpEAtian 2bgusthe t wo
par anet er s, an : gﬂﬁ&’ : :
reporting %eﬁ'e%cgz%ﬁle agto@%ﬁéﬂség;g?fggég{v t e’ggge?hl rg‘rlllgt eor%gtﬂ (l)oé)érrg%s?l,rethe
syst em congidi teperaturd ind@rinadioe fivans gas edet irealgdsrpiping bgstgn atg detensiniig ng  of
tenperature and pressure sensors for ponitori n? a gas product in a gas

e

pi pi ng systhe !ﬁiﬂu a%t&ﬂnat%%%oméb%gath@%mfvmippn orfl erebadimentethe PRESAIAG t he
25 | i quel agid o Shat el e 638 BLAGHEY, W 19 0LA 1 QBHAE S505Ry 200 2

resul ts-repor g engline op yconnec

t ol er apc e- Wi gh opéh@igieipeiadite @hdbpatiy preSRRY dfithdgdsh Babédsiefhegwbon stat us.
In yet another enbodi nent, the system conprises a

t ol er ance-passattesend refereace data mvglvieg prossusa anddemperetunefor dlak gas, thepr essur e
transducer..i n_.a _gas. pipi system a tenperature data coll ector connected
to the tollé‘F‘QF?éé‘gPé@‘éﬁs-oég% 'Sr'n‘%tt‘?rﬁ’rﬁn AEPOrtedy o5yl ts-reporting engi ne
operatively connected to the tol erance-I|evel -determ nation engine, and at

| east one indicator operatively connected to the results-reporting engine
for indicating Absrdingteimthdraspest of the ikntiorgasygemdsiplovided fyredetandiingr
enbodi nent, the system conpprises sensors for nonitoring a pressure, and a

t enper b ur @dgepertigg thedppygiastion statys gha gas. Jnoge spbediment eoqygﬁeahwnr@@@l to

det er mi nat | i ne. Iy ' ' i i f t he
SRR i I SR S L R T
connect ed fempehfurt ahEaRBSRAtNreddicedMhd\@ds] MBar Tt fovidéndeiésdrigorencl osi ng
the tol erance-|evel -determ nation engine and the result-reporting engine,
t he housi nigfasenceatasais\fabthe ghs, oraanhfor gatsrpininantye diguefactionrstptug of thaigas one

i ndi cator connect.ed to the results-reporting engine. 15 BRI EF DESCRI PTI ON
OF THe DRATPRESS e et reius bl B ane BE ity i hence ol gt Aot BB4b "
referegre lteEOItﬁIﬁE tﬁé)lli(i&mcﬂgngﬁﬁﬁr(,ifmeiébg. and acconpanyi ng draw ngs, which
forman integral part of this application: 20 Figure 1 is a diagramof a
gas distribution system adapted for |iquefaction nonitoring according to
the present inventign; Figure 2 is a graph jllustrating the con t of

t ol erance | evel ¥ gugtoef F’&bg‘hg’@f‘f’&? %Wg’[‘iﬂnﬂ’ﬁtj‘?s %Eeast one sénsor selected fiom

the group consisting of temperature and pressure sensors for monitoring a gas product in

a gas piping system, a tolerance-level-determination engine for determining the
25  liquefaction status of the gas product using data from the sensor, and a results-reporting
engine operatively connected to the tolerance-level-determination engine for reporting the

liquefaction status.



Figure 3 is a flowhart for a tol erance-I|evel -determ nation engi ne
according to the present invention; Figure 4 is a flowhart for a
results-reporting engine according to the present invention; Figure 5 is a
functional block diagramof a |iquefaction-nonitoring unit according to the
present invention; Figures 6A and 6B are enbodi nents of the
| i qguefaction-nmonitoring unit of Figure 5 having different piping
connections; and Figure 7 is another enbodi nent of the
| i quefaction-nonitoring unit of Figure 8 1 o illustrating an add-on
ver si on. DETAI LED DESCRI PT Wih reference to the fiqgure or purposes of
Tl ustrati on . AReGATDSREmPaEIAh S aehEomEises bialoraRr BT s RENDDY | ng
in a gas dj i i i 1 j stem20 is
11 st at S Bl Ay B R R D b e e ed to o
react or 24ethyeratugadatpiqlicomr symiceted 26 theltblevinké-1dvel-dppmenatiinathging, 4 hose
skilled in the art that many djfferent arrangenents of gas distribution
syst ens nmagSUbs-reRsstingengneperiyelyronneqiedsioths fodatance-leved@etermination or
purposes of illustration only.and is.net 20 intended to be limting., In
brder o Svebeuiild RGBS dnaPlssiiroeht BICERb RortRorioBisbB e tor
det ecti ng jhdieatRigaRs liQibfadtiol sihBTAlgal BrAINEL, ON i s based upon the realization
that |iquefaction occurs in accordance with the fundanental thernodynam c
relationships. It is therefore 25 possible to derive information about the

state of the product using,the thernpdynam c rel ati onshi ps .of. the product.
Aeaording 1o o8 YECeolR: Bbb el SR e o e S SRR HEEING b6 ar ¢

di st i but egleal@Ned bEnSRER & 4 1hs YRR i AN S i, RAbRECE Rvel-

10 determination engine for liquefaction monitoring using data from the pressure and

temperature sensors, a results-reporting engine operatively connected to the tolerance-
level-determination engine, a housing enclosing the tolerance-level-determination engine
and the result-reporting engine, the housing being removable from the gas piping system

and at least one indicator connected to the results-reporting engine.

15

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by reference to the following

description and accompanying drawings, which form an integral part of this application:
20

Figure 1 is a diagram of a gas distribution system adapted for liquefaction monitoring

according to the present invention;

Figure 2 is a graph illustrating the concept of tolerance levels for liquefaction monitoring;
25

Figure 3 is a flowchart for a tolerance-level-determination engine according to the present

invention;



provi di ng tenperature and pressure information about the product in the gas
di stribution system 20. The data coll ectors 28 may provi de such
i nformation through various nmeans, including, but are not limted to,
tenperature and/ or pressure sensors, manual neasurenents of tenperature
and/ or pressure, estimted values of tenperature and/or pressure based on
nmeasur enents of other thernodynam c properties or any conbination 5
thereof. In one enbodinment, a data collector 28 is incorporated as part of
a liquefaction nonitoring unit 100, whi éh includes appropriate hardware
(e.g., progessaor,, conputer, circuitries, anong others) and software for
i npl ement iFﬁgurs Aip a@e@éﬁeﬁt & %fﬁ?ﬂ?&saPP%ngaP%@%%ccalrdwgtotth%pﬁa@t Brsntigfisy st em
26. I n another enbodiment, a data collector nmay al so be connected to a
processor or computer for data handling and processing. In yet i o another
enbodi mentEigwielstis pifenctiohal tiedkl diggramif anidhiefactidrammehiderngouitarooriditg toghdini t S
i ncorporating the data collectors may be used collectively for |iquefaction
moni t or i ngPreseBhivem®©ngas pi pi ng system 26. The process of determn ning
quuef%ction is based on input paraneters such as 15 tenperature and
pressure or at |east two thernodynam c properties provided by the data
col | ect or spigfres bA #30BBP4re ERbb&heRRT M BdcfacBBR- Mit8ANE linit BEFRUACESS |S
carried out through a series of electronic conponents, which may include
sensors, diaving differentpipingmoonetions; and var i ous conput er - r eadabl e nmedi a,
menory or storage devices, anong others, that can be conbined as a self
contai ned sensor unit for easy installation in a gas 20 distribution piping
syst em andg; . oteTolel i 311 {qy% Ny at_the sensing
poi nt s. T?elg{ﬂléa]t}g a@}ﬁ\i@ron m%@%igté?ﬁﬂg lgﬁgiaggéﬂ ?{r%\l}o v ‘915:1%1 cdg%rteisfr}g a
t heor efol céllustiating apfadd-oe versiwhuct from accurate saturation property data
that are available for a given gas, and conparing the input paraneters with
the theoretical state to deternmi ne the product state or |iquefaction status
in the piHB IAT (F' 2 is a pressure vs. 25 tenperature graph for
illustrati itoring of a gas product according to
enbodi nents of the present invention. As shown in Figure 2, one theoretical
state of the product nmay be represented by a saturation data curve 280,
al so known as aWithaefarenee fosthe figptea o prmpaskoplllusttatios Ahe presenganatian cur ve

may be generated fr a vari.ety of appt.oaches t hat ,are known to one
skill el in® t%llﬂ?&;]ﬁlﬂ“dﬁ?‘}i@,“%s&? aﬂE{) &PV‘%PP%‘HSXSEF@@%P EHFBR'ABEEST r om
equati on of:Sityak l: { Tl P f: kY b tal data,
o any conts R ReysiR ST iRis el A b 1 R £Bhs e lRE 2R 2 084
r epr esent i copn&atdtoSetesctar X4 By & padpiping@ysterar2é. dewilVisdappedciited/iey thosd he

saturation _datg curve 280. Product state, as 5 definped by input paraneters
or oper at | SYiladdn s ait @a@na%wdlgg&%ev@}gemm%f&% igtribption FystemsgnpabPed wi t h
these tole o Lon: of ct
State it HCOTRERIEHE P e SRRl BemiebROCH BbudSes SEMysRRioR onh hlp B6
Iiquefﬁptng&nwanmnﬁgﬁnmmg,be reported by audi o and/or visual indicators.
Thus, the present invention provides a |iquefaction nonitoring unit to

qui ckly assess the product state in the gas piping systemto and to

indicate to o ati,onal personnel possible |i faction status of the
oroduct . e g, \RRSHEHD guepuBt s Prollens atierinitg Wit chBYHARALTOPS Mini nont . or

no i quef agdd BiRg 1iguQaSiH {He REInPERRDARE bAsBY 8PS @8 rdli t'&ﬂﬁéﬂi facti
satisfactori%y %H H con#%gu eﬁ;tonreport aﬁ ?egit oﬁe %%lt e op fé??gha

| i quef act | arustiaberddropweithrthe fundasental themudyeamieselatichshipsh ftvie tHeeefore

tol erance levels, at |east three tol erance levels are currently preferred.

I
It is #Wnddroseiblsdo deriveinformatinn gbut dhesiate oF theerediist neing thsihearmedheasie such
h | I . i : i i )
that nore r%fauoﬁﬁﬁ%sgﬁ‘éﬁ% profict ‘é@&MEﬁX g agp%t%%ﬁﬁ? ﬁ{fl}g@ég@n&&i’ lagf 1S used

To all ow for peri renot e nonit ori ng, oh ronitoring

uni t feat ucdlsctor8odrt distréutddodlond ME ipRpipiE YEtein P Bersingyhistafer to i ndicate
pressure, tenperature, 20 product state, tenperature |iquefaction margin

(t enper at uprevigingrigmperoture ardepressyraeinfarmation aout dreuradiict pr s gas diptribatien
pressure |iquefaction margin (pressure change to cause |iquefaction at
constant tenperature). It will be appreciated that this data nay be
recorded or transmitted in either digital or analog form 25 Liquefaction
Moni toring Process



The liquefaction nonitoring process of the present invention makes use of n
sets of gas-specific data (n is at least equal to |l ) to provide different
tol erance | evel s regardi ng possible Iiquefaction of a gas product. These
gas-specific data sets nay al so be referred to as reference data sets.
For the purpose of illustration, 3 data sets are used in the follow ng
di scussions. Each data set will contain nunerical data tables and/or
correlations representing data pairs that conpletely define different
theoretical states of a gas. Specifical Sy, the data pairs will contain
values for two of these paraneters: 5 tenperature, pressure, volune or a
gas proper¥yteihd @Krf’salﬁ%c@%F@Eﬁ 2 way BWOV&&%U%H&?WP Haroughearioya meadter s or
t her nodynanj r rtl opy, density,
anong. ot naneadflgRfald S e 8 3pmpBlan ¥ BIPM e B hBts. BBRECPY, {00
i nvent i on, médy@refitng cfeémpdemed dddast prekaeestigiatedsnig of fentrtAuahdsr t hat
i ncl ude tenperature-pressure pairs. However, it wll be appreciated by
t hose ski | pregsuferbas¢reommeasurementsoiaihestthesmodpmamit popsttiesr woyifembisatiom e one

or nore additi | correl.ations.to relate these other propert.ies. back to
Cenper ot ur DUl 1hs8 Sibgeend rsedi et £ I BEstnSthfies R BT ¢ bniestin ni ng
the state Qpnitdifgdast W0OGHIh iRASRE aﬁﬁrobﬂﬁ’t@lhax\(ﬁ&a&@?g?f pro¥&sEHRk&, S Or

t hermodynam ¢ properties (e.g., tenperature and 15 pressure) and

gas- speci fdircuitdés amoog othets) asd saftwarh fedmplehentng e liqa¢factiet motitorihg 2 and 3)
pl otted as vapor,K pressure, \versus tgnp ratw&g are used u; this illustration.
These dat aPTO&Rss 2long thegps diping srteny 26.uinanothes gmbogimenh ¢ datprolleeipemay vel y .

Dat a set i i t i |\ a pressure
and t omper i PeHpieidd S oS A Srbalel e i e P A Bl Sllal PRt T
curve #80 gkl smdodiment nilgpledar callectdisrR&LAliYicfactidn aiditioting Bait¢inder whi ch
| i quefaction is occurring. Data sets 2 and 3 are used to provide or derive
di ff er ent inrefperating therdatatadicatorsanpebensedicotedtivelyfpeliquefactign mapitetingt . These
tol erance l.eve), curves 282 a 284 are generally characterized by certain
of fsets (iHOTHWERAS BIPIMERYSEM 44 o1t he saturated data curve 280. Thus, the
tol erance | evel curve 282, having snaller offsets fromthe saturation curve
280 than curve 284, represents pressure and 25 tenperature conditions with
hi gher probabi | The precest of determiiamilinefatizon ishesd andppw paraneaterbyuchiasve 284.

In this exanple, curXe 282 is Tsed to set a to]erance |evel for igginent

| i quef Bt i Grtperagirg and pregsves ofcatileast v thejmqdyngrgicreRprtigsroddehly feddtfct wit h
tenper at ur g RBAPICIAUNE phARA dridBtiihl OEnsRhlorfle frBGsE Wofiidigy Curve 284
represents a tolerance Tevel tor no I'iquefaction™ e.g., llquefaction

w || not omedughfackries efadedonituonpdastits) Gviicipay aiclude samdry er&dtty,e condi tions
to the right of the line 284. As shown herein, the data set nunber n is
assi gned SWETHORIALASSATR/aRPYY eovaRIteIaegdable medin| memeryor|stoyage deyico® amenga gi ven

data set and t satyration curye 280 increases Wth |nGr i.ng.n, B
corpar § ng. Daraatahde 2hirBief4f ¥ S Eonpiael SASE il S SAROT e 5 g
with thes ediE@ﬂbﬁﬁ@rﬂfi%idgesyﬁﬂeMd\t% aliwisfcBh@miouk niqaaﬁ@%lrﬁéhi@)lrﬁgtatﬁiegnal s may
be issued to operational personnel. Depending on specific needs for

| i quef act i ssnsimg poinds. i The, liquafactios monitoringsproegss brevolvse dalcwlatege thepretigalt hese
tol erance | evel, curves. .Such factors may incb#g%% for exagg ref erence

€
data accur ety of thergquet fropy aceyrate satration nrapesty fata hat are gyatienledord gven us

alerts, anmppg . T e . j i nitoring
ot ocess, -1 Epgadt dirng eiRpataliers witth Hebrehi0A sk L

and N5 obt prioded sfateoon liqugtstioh sthtus nithie pipisy stseom.aFigusdibdisra presshteys. 2. Three
of these nmeasurenents (M1, M2 and M3 ) lie wthin the boundary (i.e., to
the |e?t) Wsmperpture graphdpridlusteasing ligyefpetiorgmoniteringafiaggs presuct acgRrdmgdei on 15

i i i t.. E h . 1S, Jdtai th | ] ti

s occurr i Haroameb S e FARHERTRRR. s poF B EETRC. PSRl B 8
as M fal | srobBgitWes b rafrebett T BNE eathrBNEH §at® Eurde 280, GURIABWNAR alcBadeteristity Ve
284) and imm nent |iquefaction (e.g., curve 282), a caution alert is issued

t o i ndi cat phase smveipnealTheaptoration data curve may, ba generatédofinerh acarioy affapproachgas
distribution systemis iminent. Finally, for a neasurenent MS outside of
the 20 tolerance | evel curve 284 indicating no |iquefaction, an "OK" signal
may be issued to indicate that the gas is in a vapor phase. For each
measur enent or operating point of the gas product, one can also define two
paranmeters: pressure liquid margin (PLM and tenperature liquid margin
(TLM, to represent respectively the pressure and tenperature differences
bet ween the operating point and correspondi ng vapor pressure and 25
tenperature on the saturated data curve 280.




The liquefaction nonitoring process requires an input of two paraneters
characterizing the operating state of the gas product, e.g., neasured
val ues for the 9 tenperature and pressure, or equivalents thereof. These
i nput paraneters can be provided by sensors such as tenperature or pressure
sensors that may be incorporated in the liquefaction nonitor unit, existing
sensors in the gas distribution system or nanual input of paraneters
derived from ot her neasured properties. Product volunme and ot her derived 5
properties can al so be used as input pakaneters. The process woul d then

include additional steps t9 correlate these paraneters back to tenperature
and pr essUh@ argkegvgeto ang Sk&ﬁﬁéﬂ thegrts Wci‘hié“&» B0l H@@tedé%qaf%lﬂtl@e%fromor each

oper ati N g oA LANSIAGHE Sl AEE AN SBRL BRI L compare The

i nput tenperature "and’pressure valrue f espective’to nce | evel
curves. | feoaibifitiohtheRt@f.s Aakfled dfaslefihcs ledel duteesDBaNTEY ¥pREending DhtHSMEN

tol erance level curve representing a certain data set, the operating state
is said t &dvim Figueddire derived geletivectoithasaterpioadate cuve SRO.WProductstgieas t o
that taol erance,]evel or data set. Thus, if cerfain operating state passes
2" quer acRBRe b biw Banaleh M bhgtn Lrprrofi i Sedufd Krdxapfie yjhén

def i ni ti onyop@RRedAkith {HRYElIARCR ciRleS 287 andBREE BABI bn #RScAbon SRHR préduct

| i quef acti gﬁﬁ?ﬁ)ni tlori ng unit 180 is described %g? ol\l/v&?orca‘?ingl ener‘ﬂrla%ugc t he

| i quef act istate mibthirespectrtg thpse cdarancelduevdsi2§d ahd 284, alifferomt liquefactionwatnidd30

i ncl udes, anmong others, software such as a tol erance-I|evel -determ nation
engi ne 102n8ybGreperieq Wpaydip andiprowdsyadindicagrs.; hausythe nresepbinenonduovaes &

I'ts- i ' 3 .
o or ance TRl R i MO LR e BB B E IR ABSe susiem, o
nmay gener adndyto belidaipioapeittiefalhérsaniel Possidle tlqueSiondtAeLsBE BrodictsOgRUL er s”

and the software may reside in various conputer-readable nmedia. The data
col | ect or swiza lifuefactjon is aeayiring, liquefastien isdsminent, of na liguefactoe isseschming.

i i i 100 b d. | in which h
engi nes 1051 Iebsrnt gy in i cpg RSB G W heh Sonfient S MR ARSIt or
28. It W lthe Bﬁerﬁtﬁ’cﬁfa@ﬁh@f@éﬂioﬁha&é&p%@%ﬂ haksd SthtMgseddsirtd@thage 13k t hough

certain pressure and tenperature values are referred to as being
"cal cul at edlerdrihelevelnatdedashthredioledaice levielsede Curcamtly poefered Uk ssrundegusetodon or
extracted Eroma data table sf_ru,cture, such as a Iook-gg t abl e. ~0 1
Tol er alfce-thahaurh prefcsrnaen ate apRlieatign depsndgifysuch thag merg ergesrialerance jevals
t ol erance- i I Q0. j 102 for determning the status of a
gas pr oducrb%g% %&%gy&?ﬁiéo&\%c??%{ﬁ%% i quefaction tol erance | evels. The
tol erance-| evel -determ nati on engine 102 starts initialization at step 106,
5 which indicates that there has been no failure of |iquefaction tolerance
check with respkeellawioqpgriedicopeemale moaiedng) dheliguefactian moniodng wpihs i nput
paranmeters,or te rature and pressure data fromihe data caollectors. If
Gt for ent TRt SRS £ R At iRl oE R POR R BB bR B ber 1 s
are prayi dgddud: HARE terepSre WqubfabforCMbro® AbRPerb@rdehanpdtot@u faction
rel ati onshi ps between 't he t hernodynam ¢ properties and tenperature and 10
pressure) dteoupstantesgseurd), agd prepsmre liguefantianumargiar(prepsues change taocasbé ow
subsequent,, cogpari son wth the referen data sets. The dat a, sets may be
storod i n UEUEAREPY Scrondient temBciEe: EiILaomRresAb et s dHe MPRBET act | on
moni t or i ng.Uitd JOP S:Md’in%haﬁlcﬁﬁtalg?anﬁoé%ﬁ.set poi nter assigns data set
‘n" as the current data set, ich I's represented by the tol erance |evel
curve furthest fromsaturation conditions. For exanple, data set 'n' may 15
correspond to data set, 3 (represented by curve 284) illustrated in Fig. 2.
g‘i GRIOTINGHIPEESE s an acceptabl e range of tenperature and

v el dRe1Aeiioi) Vighld AT
W thin whi oh B REReR ool RS of e St ORRIB AR RO B =
Maxi MM VahfuRs.spécifiddR8 ¢l Blabldaqlqhalan $id hevide diffdréitoleRined Rvels régatdh@

poi nts of the gases, experinental data availability, regulatory
possible liquefaction of a gas product. These gas-specific data sets may also be referred




20 codes and requirenents, properties of construction materials (e.g.
sensors, tubing), safety factors and typical operating conditions. At step
110, an inquiry is made as to whet her the input or neasured val ues are
wi thin the acceptable range of tenperature and pressure. If the answer is
no, an error will result and the process will be term nated at step 114.

Ot herwi se, using the pressure and tenperature relationship for the current
reference data 25 set, a pressure (P~a~~ ) corresponding to the input or
nmeasured tenperature to the process is dal culated at step 116. The

rel ati onshi p between P~a~~ and the input paraneters is illusfrated in Fig.
2, which stﬁd\ﬁéefISWan‘p@rt%ﬁ‘?t% ithe Burpgss afdllusiragan, dtataiseds argiused iadhe nput

tenperatur ﬁllgmnﬁacggcél:sﬁgﬁg Bk %ﬁl’drsgt[ \giéil’ c%orn’géfriﬁtl ﬁﬁrggma?aga %ﬂl&aa}ﬁﬁ/o? een confirmed

to be vali I's cal cul current réference data set 3
(or tol er agereldtione tepedsemenglfida paiikithitRonledély defidddifibfensihebrefidal statdd®f a

cal cul ated pressure is conpared with the input or neasured 5 pressure (Pn).
| f the inpgas- SpeeiBieallys the dotacpaing mdllicontainwalues Herrtwornd these patagretats:pr essur e,

th t d the i facti k f h t t t, |
i oh. chs CEPREFBARES e, folpie 3  sREbioBu, UEE s oalsoest el B8 dfus
and the regHbd fardrdieys ok ﬂ&nﬁB&}d&ﬁlié?&pEﬁieE Richi A1 i%gexdnﬂplé,%tﬂawg%tg&r{)yﬁgsur ed

pressure is greater than or equal to the calcul ated pressure,
| i quef act i damsitheniongiothers. dsqrdise purposek of Cagilitatintg tHatlescaptiorhafithd invehtiod,ed, and

the tol erance-| evel -?P(E@er i nati on engine 102, proc,eegls to step 118. At step
118, the d g dala ¢S Fd g]sfﬁ%%@ﬁf&ﬁml\%do datapaiss that inetyde femisarafiter IRSSBFfeck i s
oo TR Honlver MR dRRAI N by A0k IR R MR il Sl dlfbRaget - Then

at step 1 an 1nquiry 1s rmne whe rent data set
bei ng aper gdigdveuld teguitabae otk addftionhlecogtelations todtelate thede dtler propeesd t he
process for the tol erance-|evel -determ nati on engi ne 102 15 ends and the
resul t s- r epaskio tenerajieand presfwe nitiated. If the current data set is not
data set 1, then the tol erance-I|evel -determ nati on engi ne 102 proceeds to
step 124 and the data set pointer decreases the current data set nunber by

one. For exanpl Bigufelteillubtiatés 4 %ﬁ@eduli‘é for FeRBnihifh the staRAFMIEdgastpifdulekisedat a
set will be n-1. "The engine 102 then returns to step 110, and the

| i quef act i eminphedtuasoftwe pasmeicrhorr thenpeclyndictnepertiesde.gi, tempbastaresatls. 20 2.
Resul t s- Reportin ngi ne Results provi ded t he

ot er alico- PETURS dof BRieekIcs ermg? et 8e15 E%e F%B@P?ee‘éﬁtfb?ﬁt%@?l’ 2 and 3)
results-r ' j e [ : d ' hows a
I e e A SN v
128 upon taemépredented byfcuivies 220, 282 @06 284 kddpédiieely0 IDRitaseE ¢ coftals hilgler mi nat i on
engi ne 102. At step, 130, the resultsreporti ng engine 104 first gets a phase
det er ni nat #6Hratq dala iyplving wHURiad verpripressie wad tenngraterg foma spesidic @6ored in
step 118 o h ce- | - [l Lon. engine 102 . Th has

det or m nat Poii 18 FERIEE R orihl Gl B8 LS00 REpiiee i PiRAbes

whi ch g4 or @mnditiohg uadersrtiéNq@Fackiba $€oddairRigDNAd sty hhdYareaided &proeapendi ng
results in the |iquefaction checks. The ighase determnation flags are used
t o i ndi cat@erivedliff¢rguidiquetaciion wieaanes l¢vsis fohthegaecifiec gaprodudroThesedolptapge i f

check.  tnckvd i SRERLP R A elbrrliY g FRRec by ngeit P e - B

retrieved. gyes) from the saturated data curve 280. Thus, the tolerance level curve 282, having

smaller offsets from the saturation curve 280 than curve 284, represents pressure and

25  temperature conditions with higher probabilities of liquefaction than those represented by
curve 284. In this example, curve 282 is used to set a tolerance level for imminent
liquefaction - e.g., liquefaction is likely to occur for a gas product with temperature and

pressure conditions to the left of the curve 282. Curve 284 represents a tolerance level for



5 1If the liquefaction check has failed with respect to data set 2 or data
set 3, then a phase determnation flag "Liquid Warni ng" or "Margi nal Vapor"
will be retrieved respectively. On the other hand, if there is no
|l iquefaction failure with respect to any of the data sets, then a phase
determ nation flag indicating "all vapor” will be retrieved. The
appropriate phase determnation flag is then generated at step 134 and
output to a phase indicator at to step 136. The phase indicator output
signal may be in the formof an audio oB visual signal or may contain both.

Next, at step 138, an inqQuiry (s de to dg.term’ ne |f Eahe | owest data set
cor r espondiniAUEECHOR »p 8o diapetachanawil g ogq dor @ gasredyct haviRgiSPPERRUTEt or age

| . . . . f \ . H I
o git 'ng“a%ﬁéré\:/sg?r&gog@h%sf@ttpegméﬂt of {feStinel SKAN lﬁ{_&%gﬁ%ﬁelﬁ nd &Y %%Mbgp

iven as outp ressure a

Tenper at urgislasgigeidaath tHat e Idiktaie dbtvide B tdléRAncd Reclzmie foph Biveh atagpor ted to
an anal og or digital output at step 142. The analog or digital output may
provi de t readibesaturgtiomcurvel?&hingieasns witteinoigasingia. By conwariag tempsrdteretand, to a
di splay. remote fromthe data, coll.ector or provided wth time stanp and

St or ed el (VT BT Rgasyismensfor e aas prspdugt Witk e olksinbeltevel £, “The

resul t s-r enfelchGqRBLBE albBididPARMALHEIsHRUES opérafdilP pdiddnnel. f DERRARRBMET TO
the inquiry at step 138 is no, i.e., if the |lowest data set correspondi ng
to a fail egpetifiqmeddsdor iquetdvtiok mianitnong,datiaustactofs mahbe needuh genarapgr t i ng
engi ne 104 proceeds [ﬂo sélgg 1%6. At step 146, tg)g Pressure Liquefaction
Margi n ( PL§SeitaleraRee avek uavesTRaclpfagiars may fnchude, 18 ekMBPISHEEIeRE 9% ue of the
pressure c i h : jon for
Gata ser Topaar ool Bk, Feskod BafRRLE R RANGIAL MBS, SRLRELRRRE", o
pressuree. The resulting val ue, which represents the change in pressure at

constant tenperature that woul d cause |iquefaction, can be provided as
digital or anal Byfusthepiliustzate thedsuetpptiomnmenitotingproegspcli e (@per pressyes ansk i on

Margin (T 13 which i fi he | ut e, val ue of,.the .

enper at urersseads meanscpls i YA RS b 8% BB Rutib b mel giviRionon 1 or
data set Ilsafend 16 sSHRASH ﬁg. DI ERes bthE W SastiendnB 1, MIBES BE3Y 18 wilkdn

calcul ated”at step 148. The resulting TLM val ue, which repreSents the
change i n thebpardatiu@ie., & thedef) afithe pieawaievel tave A8 Indicating that liqueficioni on,
can be provi, deq as ﬁi %ht al or anal og, out putgf@@ste 149.. The, )

resul t & r S5 SPIIRRRL i tHESCTRASHITRITN S it 1 35548 t iquefRction i§ pePuEingon
Moni t or i n~Yni f1; 4,85 : : o6l AT t f Fig. 1
) is i ncor%&grataltli@d ?’ﬁ%ﬁéﬁl‘%?ﬁsﬁﬁgf g%ﬁg%suﬁom tt g‘?‘%hﬁaéq\gél?aﬁfstb%%e%ﬁﬁéfudes
pressure alerireshsehtidafme 1R@efaction (eldieuial 284qaadinhmineht lipiefictivn &.¢.0cureaigi ne
and results-reporting engine in a_self contained unit, The unit preferably
runs on 10280 agautienalerds ispuedde dudipate a megginglevapersstaan i-peothet liqupastion opyt

i1l be power from.a facilit.y' i st rrent | for el,
\tMr ansducgrt!’gg%gdl tr @B 1%5}%&# %:Sel?sﬁ.n%ﬁ‘%g'l E«i:{l%a@?i t?l)galrrllea%}g? %‘%@—, Lélg O‘rlr{[%}nc{%tocw}ileng uni t
pref erapl ytoRiick el elirgé 284 indithibis no liqudThdtion; Z0“0OR” 813akIaHayOb Ritledt®y al so

be provided. Figure 5 is a functional block diagramof a |Iiquefaction

moni t or i ngindicate that ¢l ghsris)int vapoe peasb.o diomeach méasutemenhoroneraiing poing of the

| i quefaction nopitorin ni 00 shown in Figure .5 include t §s not
i ted t ot G 65 dl5 defiiedmoTopmdir aersire dasidSaiens kLS Suit abi y
measure pr : 0 i i i and
Conver t s 1 pereturt LARIARr B TENOE PR leBn rp By e Bies e ARG eBpelde ™0,
to 10 VDC. differenpdsdtwdendhy opeestirgf pdifteant] gperespondiap ivepdraressimeangur pose

i ncl ude Model TJE manufactured by Sensotec of Col unbus, Chio, USA, ThruTube
suppl i 0 bigmperatyr gp ghegatusid data curyed88chuset t's, USA and Sol i dSenseTM
pressure transducers manufactured by MIIlipore of Bedford, Massachusetts,
USA. The liquefaction nonitoring unit 200 al so includes tenperature sensor
204 such as a 2phd liQiefRREioH BloRitBFing Pocsds3bqifirel BNRPUALEWR ShedrRG@ERr, which is

| ocated in the gas flow stream and can suitably nmeasure tenperature from as
| ow as - 19@@'actj:r'a§;1ghhg bperatiR@cCofitie gas product, e.g., measured values for the



convert it to an electrical signal output from4 to 20 mA or from-10 to 10
VDC. Exanpl es of devices of the type suitable for this purpose are Model

| RCO, Model 14 QJQ N, and Mddel JMISS nmanufactured by QOrega of Stanford,
Connecticut, USA. The sensor 202 connect to pressure sanpling/tenperature
conpensation circuit 206, or a pressure conpensator, which is of the type
that may include any suppl enentary conponent that is used to mnim ze
sources of pressure error in the pressure sensor 202 5 caused by changi ng
tenperatures. A tenperature sanpling/jufction conpensation circuit 208, or
tenperature conpensator, is of the type that may include any suppl enentary
conmponent tERRAgrafuEe arapressyreyPheqivalentpthereed bhese anm parameterstandie nrovided

t enper at ur b i enpe An . exanpl e of such
a device ibg' %ﬁgbg%u%%%é I ngtg{)err% %%gjtll Sgl%r(#)s u tel{l%z)t#é @%gawg%%cfélgﬂ% e t hat

corrects ayuefiptibn hRANE @it EListikl AEraattht @hs diskibatiombysedne Wr Al iMButl Or ce
(enfJ generated by the connection of the thernocouple wires to the

| i quef act i fparamiters denivedftame other measuced propertibs. sProdwys enbene and atipntdedvakt ect s
the local te ratur t the thernocouple nmeasur ene circyitry interface
(o or dncanRRTaes iplso e difies HRE MRG0 THERBEFSOURAs BreniRiiadd Ynct i on +o
t he ther 1ol I TN i J i Is at ed
o ot and R D e B g s L o R

t he t ol er anagpatewith tladleranice ddvelocuressgiFoe eddidparating etatd, b $iquefactidnl ng engi ne

104 are con{i gured tq handl e phase determ nation, data conpari son and data
storage (viRlesncggheckitperéamed to eerapare therinpedempesatyeceand nigssuie values ayitho o

recei ves : f.nr r r ] rag.u from
ensor 2047 pElERIUERe L IR, B BRIRER SRl RS R SERREAY G L e
t o perfoor rgivket @ler&ice l@éBburve pdptdsbmtinghl\cerRntd-aased, tho bptatiOfise Sdall @S t hose
outlined in Figures 3-4. Data conparison between input paraneters

char act er ihavagassed thsdiguafaction wlesance gherk: wich mspest ta bt okarancefeveher dpta

product al| the liqguid nonitoring unit, 200 to determ ne apd stor.e the 25
POl | o ng:senEhisriasafiipisplRing Seleisiesa ioargrich pbRfoaapifite § 4 plen

di fferenCG‘da‘Pﬁée‘f‘ﬁ?ﬂilIWdé’fﬁﬁﬁéﬁﬁé@sbﬁ%ﬁér%‘e&rs%ts@nd the saturated vapor
tenperature at the neasured pressure. 15 The "Pressure Liquefaction

Margi n* (PLM, which is the difference between the neasured pressure and
the saturated vapor pressure at fhe neasured tenperature, Based on the
magni tide of th@%@dpﬁaésﬁ%ﬁﬁwfmeé@%@pmq%t%ﬂg@mééb &%ﬁ@&?ﬁi%@w oduct
is determ; . o J 1 QUi i

i cat e 1 gtk o, SHICEEARR molGrbd lds 3R 1@ ithbnieRitg iy 100,
phase) or inélullédeaRohgothbis, $dftitrel suthes anblefanv@ tdvbiRdRerdiindt ¥ %ngingund iphase) .
Any nunber of phase indicators based on internediate |iquefaction tol erance

| evel s canWiieh thettalsranse tayekef thesisds determingd aest & results-gepertingengine d Od that he
out si de of i

h iquefactio nitorin nit.200 10 an i nclude an audio
dovi e, vietras e ot e FOICHREE Rk a0 sRpBR dpTe P BT o e
resul tHr r eRQEAedheRMIIAG pBAGalBERETIEMERNEd By a WRi&y of Hii&@{:ﬂo@éb%ox% yeh as
colored lights, blinking signals, or patterned beeps on the outside of the

| i quef act i empwbars,; and the seffware 20 residpinovarides conputerteadabld wedip. Theldata audi o
i ndi cation @f the current product state. i sual { audi o i.ndj cat or, _( not
o e A By Bl S P B TS Soh RSB0

may be operated remotely, in which case the engines 102, 104 would need to be operated

for each of the data collectors 28. It will be appreciated by those skilled in the art that
25  although certain pressure and temperature values are referred to as being “calculated”
they can either be determined from a particular equation or extracted from a data table

structure, such as a look-up table.



15 nonitoring unit 200 is mal functioning. Digital or anal og output wll
provide the followng information for use with |local and/or distributed
nonitoring and control systens: a) Pressure; b) Tenperature; 20 c)
Tenperature Liquefaction Margin; d) Pressure Liquefaction Margin; e)
Product State; and fJ Tine and Date stanp. 25 An el ectrical [|nputl Qutput
nodul e 214 provides interfaces for an external input/output of data with an
exi sting comuni cati on network having a conmputer nonitoring station.
Information relating to several |iquefabXion nonitoring units placed
di scretely al ong.the pipi systemis then nonitored collectively by the
conputer 116 ?r@merkrgveggat%matmmmp further be appreciated that by
moni toring the LN [ 1 RAY. o i1@R-gaPNi t ori ng
data can be estfﬁ%@ ggs gﬁ%\%ﬁﬁﬁ?gorgltgﬁéa %ﬁle&gggét%%#léﬁgﬁ%@&tgn@%é@e it is not
conveni entdete@m@ing e tstaAud 6 dad prdtBict With respect B varions tiashétin toRMNCer i Ng uni t
200 may further include a connection jack (not shown) for receiving an
ext ernal tlevglerEhatolsranserdeyel-detpminatiomengins: 1 02 sGarts\ihitishzagian abstepd@d t o

connect. to an external te rature sensor 18.. I.n e cases, the e of an
cxtor nal - O PGS taas YT Braeeh o i e B eastiBn B aug Pk wih Fespec
| Quef act iganfTBb Aot sAOR, ool Bisind p bR BOHERPRIRE S _Sensor

is already aval the gas piping 1" o system In other cases, the
use of an predsercriata franpier ddtaicallestons dif diffeyerh énpue gavamettrdsiehtas volmberdral

conpatibility concerns with the gas products. |f an external _tenperature
sensor 219thes thesmedraaspic PEperiss afegpreTided:ithese vates will hgcermlated (roe., weings

00" e RPN AEORERAMERICRIR e DBl BECTL oG e

. i
lI.e., enperat ur e ‘neasur e e“extern

an i npuwt tgeRefedtdédresporiding inpauemperatuedanDftedsard t0alldw sabsgaas. It is al so
possible to use an external pressure sensor, such as one already avail able
wi th the g@sparisen whlithegafessnse data sets. pheonidata seispuay hereredirea emoesor o t he

i facti itori : di fJ cati d Varjat] 20 T
|1 Qe act | SRR g [P AReET 6 pebaundRhm RarbR i o0 Mo s8R B s on
focuses om, ddigsdipEinr aisid datSRE Gl 1 QiteHEd LSk SIRON Y r@?rgkén‘ﬂéﬁ kion

tolerance levels, it is understood that other variations the process may
i nvol ve | eskrdncaievd] davafisthest fom saturatioheondichat Hosetasplé;datacset’njxhay t he

use of one data set (e.g.,, saturated dat suffice i ituations in

whi ch Bl | qogspqnd tp ééfaisgte%(r?pge%?ﬁtqdﬁ)@n%&fﬁ%ﬁ?usgatﬁé lrbfglgr 2 Fore gX81 25 vapor
phase) or | i QL I i j i.ahly when
enert i vo Ribdict 84 ShoRORSE abdeobitfo afibe of Pl Bd HBMOL P STRERA Y 110
3 data set@inb@umsed maxitufaemperafia\dnd raseted)ivitih whidhuhé dathises 4r@l er ance

| evel s for appropriate warnings or alerts to be ) )

considered "valid". These minimum and maximum values are predetermined from either
critical points or triple points of the gases, experimental data availability, regulatory

20 codes and requirements, properties of construction materials (e.g. sensors, tubing), safety
factors and typical operating conditions. At step 110, an inquiry is made as to whether
the input or measured values are within the acceptable range of temperature and pressure.
If the answer is no, an error will result and the process will be terminated at step 114.
Otherwise, using the pressure and temperature relationship for the current reference data

25  set, a pressure (P, ) corresponding to the input or measured temperature to the process is
calculated at step 116. The relationship between P_,,. and the input parameters is

illustrated in Fig. 2, which shows an operating state 285 for a gas product with an input

temperature T,, and input pressure P,,. After T, and P, have been confirmed to be valid,



17 issued to operational personnel. An exanple of a hazardous gas that can
benefit fromthe use of increased data sets in the |iquefaction nonitoring
process is chlorine trifluoride. It is understood that the inplenentation
steps of the liquefaction nonitoring 5 process, e.g., according to the
flowcharts of Figures 3-4, are neant for illustrative purpose only, and
other variations in the process steps may al so be acceptable. For exanple,
it is possible that nore than two paraneters be used as inputs to the
| i quefaction nonitoring process, although two paranmeters (one being
correlated wth tenperature and the other with pressure? will suffice. It
i s al so anfacispalcalatedfzom dhe quereatieigrenssdiata sst 3 (antelempeeleyalicurve?8ddtal or
t ol erance ég#%ﬁﬁﬁg?n be stored or pre-programred within the nonitoring
unit. It isFUG er™possi ble that only a subset of these stored reference
data sets be used to determine the liquefaction status of a gas product.
Dependi ng on the specific applications, units can also be configured to
cont ai n appr opritstep i Bf, & lated pressurasisfecompaitef] fvdthethe inpais opmeaturads, f or
exanple, via plug-i nory boards, .to provi,de necessar |l eyt signals for
the gass 15PEBER B, 1 PRRIBPY, O PIEASEref DIRSPIrG A VAR Thab Al polemipiqd ressute,
result-re ! i : 1 A J i g
A R s R
menori es, mocdshyr toRyanat-tavebdetemiihationcengined 03iendd and the|vsshhisteportingoni t or i ng
engi ne stored on agne Qogguter chip. 20 In_another variation, |iguefaction

noni t or i ngengne K4 i igdtiaed nkfdke Bputprimeasered Peasara & greeriban eoequaktodhel- on

unit, which,i . - evel - ] ' '

o MRS e NERE Bha AEREORH 08 A8 M o o,

i nterfaci nfilvd,aAd & telefdice SORPaSShiRatioiCdhgife TUNGHFEEEEs ©F stdpeIBe Alsedpe
sensors. The use of such an add-on unit has the advantage of naking use of
exi sting plids therdatasshaembercorrgsppadingso thesfal¢dbliqueaction sheokis sioredrinssur e

i nput. An external tenperature sensor is.al.so required, for is. .

cont 1 gur at PERSPITHSOrGR P GIATAZ0a AJayes: ot SR s al 1B 8% 2P fRIIDUINA dat a
comuni cat s deitd) Gete ittt WhiktHeP fhe Ao UatiNet bATRY op&2RY 8hYs dRNsQ! 18 OF
nore exi sting pressure sensors. 18 Figures 6A and B show two alternative
confi gur at cwrent data setds hethérn thg peodesfioe fheatblecancerbaviel-detennginationtengi@ 1008 a gas
distribution system Fig. 6Aillustrates the |jiguefactiqgn nonitoring unit
300 wi th aef@ééﬂg tiedesnlisarpsting engingp b4 is injtigigd. Hﬂg? FYrER A9 setys petAatasel. 6B
illustrate [ ct.l it O | uni

di stri bt | oggitt WUShIEL AR R AReP by PRCERIOEER 124 bt BeWihisct
Bot h conf i gaint deicaskothe clttént AafaGet funtbe b9 \wiel Rofdx@tipte, thedfivdt time khisistemn

i ndi cator 308 and optional external tenperature sensor 310. 1 o Figure 7
shows anot hé# isgensheq threanaxdatp setovidlibeg- hn Thelengiee 102the edemndie siehl kb andg
unit. The )i quef %tiqﬁﬁqgniaorin 1§dd-oq uH%t 404.is. generally smaller than
an i nt egr atSFUHAPTHIORGRGCIE SURHCS WA [5TREF 9 ﬁ'f/m%%n@tqa%gsegﬁ’ essure transducer
406 inyd he gas distribution system This add-on version includes al

el enents of the base design (shown in Fig. 5), except for the pressure
sensor and2.assoResultsRepoemglingineonpensati on circuitry. Al though 15 the

| i quefaction nmopitoring,unit 404 is sho ith, a .dead-.end connector, 420 to
the gas system RF%“?WEP%&%’%&’YH@" trdergnger e}\gQT eEﬁRP‘fW‘BﬁGPﬁ‘E%ﬂ@% PRI A bYThe
add-on |igyef L Ml i j ' d il for
i oat | ngHEna ik SR k0 04 e e B 0
desired, afud tireuitsiropetting ¥hgn 204, wiigteis atitined aenep 1 28%dkbn tefnihidsmeofike | | ed
in the art of gas piping systemdesign wl]| apgreciate that different

desi gngs wi process iy thedolerancerievebdaterminaiipasngine JP3c A stepd3@ghe respltexanpl e, the

T oduers. BratRBFhele 108 htioels sl adich o SHEPRN AR IS melBFRS  9%5 e
base unit phild da\ie s&é}é&ﬂl§té15(1'1psgéﬂtﬁ@tdl@fu@dﬂeva&ﬁte%%hﬁﬂaﬁengiﬁé €82)) Therar gi nal

(yellow) and liquid present (red), but for nore sensitive gas products,
addi t i onal phase détsrroihatia flagig reteigvdsefrers @dneriiény oo stopage lecatioh é 32,-ldchtoms
digital (base design).



19 It is understood that the above description and draw ngs are
illustrative of the present invention and details contained therein are not
to be construed as |linmtations on the present invention. Changes in
procedure and structure nmay be nade wi thout departing fromthe scope of the
present invention as defined in the follow ng clains. 20 WHAT 1S CLAI MED
IS: 1. A systemfor liquefaction nonitoring of a gas characterized by an
operating tenperature and an operating pressure in a gas piping system
conprising: 5 neans for providing at |ekst two paraneters of said gas;
means for provi.ding at | east, one reference data sets of saj.d gas, said at
least one ¥ BABRIRGEEPRESE deieaRinaasHags AN goresPandiag Fesulss mtBefigrelictions and
pressures; NSk ks ' t.] t URRESY=1 sed on
D a o a0 e b e e e e P 5 8 e

for reportdgaegramict Forguahplef if datastal 14she RDwedihdutH4es tamespbndih@iothd failder ei n
one of said at |east two paranmeters is correlated to said operating
t enper at urlédugfagtiamehasky thema pbase dgiceminptior Hag indigatipg 'ligpide v4llibs reftieyast at ed

to sai d operat, n . ur.e . of hd.aas, ... Th em.qf ,claim1,

wherei f oat R HARERHSTEEE s phBh diRaseetlo Ryt AT R M Rl 1 cast
one sensordetdthfndtiof flag OMdutE WahEAHE' GONFArginalTdatr dill BERBMidel r&pe@iRp). and a
pressure sensor. 20 4. The systemof clarm 1, wherein said at Ipeast t wo

par amet er sOathe athérchanghaf thererig no digpefactionr failan dvithaiespeoploraay iofi thepdatssts; e of

sai d gas asured respecti.vely by.a.tepperature., sensor and ressure
sensor 5. TR PEe BB akon g RS CHEvPal GVl oa ey d B BPEPBHEE dat a
sets cont ayfise gat iﬁéio&qggés Ben LBARGEALLUGES 1 PNEhCRIHIR TP PR InAEkbY At €d

vapor pressures of sal
10  step 136. The phase indicator output signal may be in the form of an audio or visual

signal or may contain both.

Next, at step 138, an inquiry is made to determine if the lowest data set

corresponding to a failed liquefaction check (stored in memory or storage location 120) is

15 dataset 1. If yes, then there are no liquefaction margins and a value of zero is given as
outputs for Pressure and Temperature Liquefaction Margins at step 140. The zero value
is reported to an analog or digital output at step 142. The analog or digital output may
provide the results to a display on the outside of the data collector, to a display remote
from the data collector or provided with a time stamp and stored either with the data

20  collector or in a remote location. The results-reporting engine 104 then terminates at step
144. If the answer to the inquiry at step 138 is no, i.e., if the lowest data set
corresponding to a failed liquefaction check is not data set 1, the results-reporting engine
104 proceeds to step 146. At step 146, the Pressure Liquefaction Margin (PLM) is
calculated. The PLM is defined as the absolute value of the pressure calculated using the

25  pressure vs. temperature correlation for data set 1 (saturated conditions) at the input
temperature minus the input pressure. The resulting value, which represents the change
in pressure at constant temperature that would cause liquefaction, can be provided as

digital or analog output at step 147. Next, the Temperature Liquefaction Margin (TLM),



6. The systemof claiml , wherein said at |east one reference data sets
consists of three reference data sets, said three reference data sets
giving rise respectively to three 21 liquefaction tolerance |levels, and
one of said three reference data sets contains saturated data for said gas
product. 7. The systemof claim6, wherein said nmeans for determ ning said
| i qguefaction status is a tol erance-|evel -determ nati on engine that conpares
at | east one of said operating tenperature and said operating pressure of
said gas with at |east one of said thre®8|iquefaction tolerance levels to
determ ne said |liquefaction status. 8. The systemof claim?7, wherein said
nmeans for Whishisdaiiged as thejabsplute yetue of thettamperatire ealewlatgd ysing the pressure vs.

results-reporti engi,ne that, reparts, said |i,quefaction status, and further
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| i qguefaction nonitoring of a gas product in a gas piping system

conpri si ngehatige mttempersturoatecossagqressaledbaterbuld canse Hguafaciop, canrteipovided of
tenperature and pressure sensors for nitoring said ga roduct; a

tol er ar?ce-?séﬁ%‘Fa-l Béﬂ%ﬁ?ﬁ AUPHSH S@de‘ﬁ'eng‘aeﬁP]éﬁmp m&éfl&ﬂ@ﬁ?ﬁ&ﬂéemlaﬂ@% action
st atus of a?%jce? 19@s product using data fromsaid at |east one sensor; and a
resul ts-reporting engine operatively connected to said tol erance-level 20
determ nation engine for reporting said |iquefaction status. 10. The system
of claim9, wherein sajd tol erance-|evel-determ nation engine is adapted to
recei ve t weldUeEeHONMIORAMRIING SN hat are correl ated respectively with an

ting t cature_and._an . { | sajd duct : f
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and sajid | liglieedclioh nRitoFind Uit that RehAedpregfirdindaempaiatndschad s, weri ved from

said two input paraneters and said one or nore reference data
tolerance-level-determination engine and results-reporting engine in a self-contained unit.

The unit preferably runs on 10-30 VDC so that it does not require its own power supply,
but will be powered from a facility’s existing current loop for other transducers and 4-20
mA devices. The baseline liquefaction monitoring unit preferably provides digital output,

15  but 4-20 mA analog output may also be provided. Figure 5 is a functional block diagram
of a liquefaction monitoring unit according to one embodiment of the invention. The
liquefaction monitoring unit 200 shown in Figure 5 includes, but is not limited to, a
pressure transducer 202, which is a sensor that can suitably measure pressure from as low
as 0 psi(a) to as high as 60,000 psi(a) and converts it to an electrical signal output from 4

20 to 20 mA or from -10 to 10 VDC. Examples of devices of the type suitable for this
purpose include Model TJE manufactured by Sensotec of Columbus, Ohio, USA,
ThruTube® supplied by Millipore of Bedford, Massachusetts, USA and SolidSense™
pressure transducers manufactured by Millipore of Bedford, Massachusetts, USA. The
liquefaction monitoring unit 200 also includes temperature sensor 204 such as a

25  thermocouple or resistance temperature detector, which is located in the gas flow stream
and can suitably measure temperature from as low as -196°C to as high as 2300°C and
convert it to an electrical signal output from 4 to 20 mA or from -10 to 10 VDC.
Examples of devices of the type suitable for this purpose are Model IRCO, Model



sets conprising saturated tenperature and vapor data for said product gas.
22 11. The systemof claim 10, further conprising a conpensation circuit
selected fromthe group of a tenperature conpensation circuit and a
pressure conpensation circuit. 12. The systemof claim9, wherein said
systemis connected to said gas piping systemby a connection selected from
the group consisting of a dead-ended connection and a fl ow t hrough
connection. 13. The systemof claim9, wherein said
t ol erance-1 evel -deterni nati on engi ne cohprises at | east one of neans for

e e e RS PP AR b i P e
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15 15. Theprsysaterongiensdicr, whith ivoetheitypexhattnft intlwds nyosippheimeiy and sai d
engi nes are enclosed within a single housing. 16. A systemfor use on a gas
pi pi ng systospRangnt thef isuspdde sminimize spaees ©F presyrp eiret inghe prgssare sensor 202
ol erene e Lteln L P AR ISAEn ORI SRR S SRS
gas pi pl Ng208, or temperature compensator, is of the type that may include any supplementary
component that is used to minimize sources of temperature error in the temperature
sensor 204 caused by changing temperatures. An example of such a device is a cold
junction compensation module for a thermocouple that corrects an input temperature
10  voltage for a thermal electromotive force (emf) generated by the connection of the
thermocouple wires to the liquefaction monitor measurement circuits. This compensation
module detects the local temperature at the thermocouple / measurement circuitry
interface (reference junction) and adds the non-zero temperature of this junction to the
thermocouple emf.
15
Where the liquid monitoring unit 200 is operated in a stand alone mode and/or
networked, hardware and/or software 210 for the tolerance-level-determination engine
102 and results-reporting engine 104 are configured to handle phase determination, data
comparison and data storage (which may include an intelligent data processing unit that
20 receives measured values of pressure from sensor 202 and temperature from sensor 204).
Programs in the liquefaction monitoring unit 200 are executed to perform data retrieval,
calculations and data comparisons such as those outlined in Figures 3-4. Data
comparison between input parameters characterizing the operating state and the saturated
data of the gas product allows the liquid monitoring unit 200 to determine and store the
25  following:
The “Temperature Liquefaction Margin” (TLM), which is the difference between the

measured temperature and the saturated vapor temperature at the measured pressure.



system a tenperature data collector connected to said
tol erance-1| evel -determ nati on engine; a results-reporting engi ne
operatively connected to said tol erance-level 25 determ nation engi ne; at
| east one indicator operatively connected to said results-reporting engine
and adapted to indicate a liquefaction status of a gas product. 23 17.
The system of claim 16 further conprising a housing for holding said
tol erance | evel -determ nati on engine and said results-reporting engine,
sai d housi ng being adapted to nount ontt said gas piping system proxi nate
to said pressure transducer. 18. A systemfor use on a %ﬁs pi pi ng system

cont ai ni nglhe “§aessyeddgnataction Margips onkieh & the diffesencs bstvegatheed t o

noni tor a r r e ' r ,
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reporting-engine operatively connected to said tol erance-| evel

det er m natdetarménedi g theaetisosisthe Ggeidesémigriogiugit 200 will indicate if the gas

tol er ance: § exBl el Sl A3bhRnE B Su Dehor Shibef S bieke 2R A% g e
(two-phase or 100% liquid phase). Any number of phase indicators based on

intermediate liquefaction tolerance levels can be established as needed.

Indicators 212 are included on the outside of the liquefaction monitoring unit 200
10  and may include an audio device, visual device or both. The indicators 212 receive
inputs from the results-reporting engine and generate one or more indications such as
colored lights, blinking signals, or patterned beeps on the outside of the liquefaction
monitoring unit 200 to provide continuous visual and/or audio indication of the current
product state. A visual/audio indicator (not shown) will also activate if the liquefaction
15  monitoring unit 200 is malfunctioning. Digital or analog output will provide the
following information for use with local and/or distributed monitoring and control
systems:
a) Pressure;
b) Temperature;
20 c) Temperature Liquefaction Margin;
d) Pressure Liquefaction Margin;
e) Product State; and

f) Time and Date stamp.

25 An electrical Input/Output module 214 provides interfaces for an external
input/output of data with an existing communication network having a computer
monitoring station. Information relating to several liquefaction monitoring units placed

discretely along the piping system is then monitored collectively by the computer



sai d housi ng being renovably connected to said gas piping system and 15 at
| east one indicator connected to said results-reporting engine. 19. The
system of claim 18 wherein said tol erance-1evel -determ nati on engi ne
i ncl udes neans for adapting tol erance-levels to different gas products. 20
20. The system of claim 18 wherein said housing is selectively novable
al ong sai d gaspi ping system 21. The system of claim 18 wherein: said
housi ng, sensors and results-reporting engine forma unit; 25 said system
including a plurality of units operativéy positioned al ong said gas piping
system a conmuni catj ons ngt k .having, a nitoring station, said
moni t or i ngMERIATINgFiatieR EWW%@ qpafecmﬂgatrhyrrgoglgqrwgdm PipIng systemas A
met hod f or g, AT ' fact.i d ' | pi.hg system
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from sai d gpingRyaemciheseit eci@dohiventant fecdhed P mdti®riagual. of pressure and
tenperature data; and determning a |liquefaction status from said gat hered

data. 23. The nethod of claim 22 further conprising the step of indicating
said liquefacti.on tol erance level . 1.0,24. The .meth of clai.m 23 erein
Sai d i il cat i ng % eTeRBPE roatitae w20 ol ARNET Lo P ad PRk AT ol |
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xterhal temperature sensor may result in a reduced cost for the liquefaction monitoring
unit 200, e.g., if an existing temperature sensor is already available with the gas piping
10 system. In other cases, the use of an external temperature sensor may be required due to
material compatibility concerns with the gas products. If an external temperature sensor
218 is connected to the liquefaction-monitoring unit 200, this sensor overrides any
internal temperature sensor that may be present - i.e., the temperature measured by the
external sensor 218 will be used as an input temperature to the liquefaction monitoring
15  process. It is also possible to use an external pressure sensor, such as one already
available with the gas distribution system, to provide input pressure values to the

liquefaction monitoring process.

Modifications and Variations

20 The liquefaction monitor process is gas-specific. Although the above discussion
focuses on the use of 3 data sets to provide corresponding liquefaction tolerance levels, it
is understood that other variations to the process may involve less than 3 data sets or
more than 3 data sets. For example, the use of one data set (e.g., saturated data) may
suffice in situations in which all that is required is an indication of safe operation (all

25  vapor phase) or if liquid phase is present. In other situations, especially when sensitive or
hazardous gases are involved, it is preferable that more than 3 data sets be used in order

to provide additional liquefaction tolerance levels for appropriate warnings or alerts to be



' 26. IThe met hod of claim 25 wherein said determ ning step further includes
conparing said gathered data to saturated property information. 20 27. A
met hod for liquefaction nonitoring of a gas in a piping system conprising:
providing at | east two paraneters of said gas, said at |east two paraneters
being correlated respectively to an operating pressure and an operating
tenperature of said gas; providing at | east one reference data set for said
gas, said at |least one reference data set containing data pairs of
tenperatures and pressures; 25 determ nilhg a liquefaction status of said
gas based on arls n of s I as Wo paraneters | east
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example, via plug-in memory boards, to provide necessary alert signals for the gas

15  products. The tolerance-level-determination and the result-reporting engines may be
stored in the liquefaction monitoring system in different manners, e.g., in different
processors or embedded memories, or they may also be combined as a single liquefaction

monitoring engine stored on one computer chip.

20 In another variation, liquefaction monitoring may be implemented by using a
liquefaction monitoring add-on unit, which includes the tolerance-level-determination
engine, results-reporting engine and other hardware and software necessary for
interfacing with external components such as pressure or temperature sensors. The use of
such an add-on unit has the advantage of making use of existing pressure sensors in a gas

25  distribution system for pressure input. An external temperature sensor is also required for
this configuration. This configuration may further be altered to include a data
communication line in which the add-on unit may remotely monitor one or more existing

pressure s€nsors.
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Figures 6A and B show two alternative configurations for connecting a
liquefaction monitoring unit 300 to a gas distribution system. Fig. 6A illustrates the
liquefaction monitoring unit 300 with a dead-ended connection 302 to a gas distribution

5 system. Fig. 6B illustrates the liquefaction monitoring unit 300 connected to a gas
distribution system via connectors 306 in a flow-through configuration. Both
configurations have the circuitry shown in Figure 5 and include an indicator 308 and

optional external temperature sensor 310.

10 Figure 7 shows another configuration involving an add-on liquefaction monitoring
unit. The liquefaction monitoring add-on unit 404 is generally smaller than an integrated
unit, and can be attached to any existing pressure transducer 406 in the gas distribution
system. This add-on version includes all elements of the base design (shown in Fig. 5),
except for the pressure sensor and associated pressure compensation circuitry. Although

15  the liquefaction monitoring unit 404 is shown with a dead-end connector 420 to the gas
system, it may also be used in a flow-through configuration. The add-on liquefaction-
monitoring units 404 also includes an indicator 408 for indicating one or more process
parameters, liquefaction margins or other desired, and an optional external temperature
sensor 410.

20

Those skilled in the art of gas piping system design will appreciate that different
designs will be used for different types of process gases. For example, the materials of
construction will be different for corrosive vs. inert gas products, and highly toxic gases
will have a dual-containment option. The base unit will have three indication levels: gas

25  phase (green), marginal (yellow) and liquid present (red), but for more sensitive gas
products, additional levels of warning may be used. The output can be 4-20 mA or

digital (base design).
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It is understood that the above description and drawings are illustrative of the
present invention and details contained therein are not to be construed as limitations on
the present invention. Changes in procedure and structure may be made without

departing from the scope of the present invention as defined in the following claims.
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10t 1, +#192{%31‘§&%t1114 é\rld\e;nbosl:)%rzazc(lggp %ressure in a gas piping system, comprising:
5 means for providing at least two parameters of said gas;
means for providing at least one reference data sets of said gas, said at least one
reference data sets containing data pairs of temperatures and pressures;
means for determining a liquefaction status of said gas based on said two
parameters and said at least one reference data set; and

10 means for reporting said liquefaction status.

2. The system of claim 1, wherein one of said at least two parameters is correlated to
said operating temperature and another one of said at least two parameters is correlated to

said operating pressure of said gas.

15
3. The system of claim 1, wherein said means for providing at least two parameters
comprises at least one sensor selected from the group consisting of a temperature sensor
and a pressure sensor.

20 4. The system of claim 1, wherein said at least two parameters are said operating

temperature and said operating pressure of said gas measured respectively by a temperature

sensor and a pressure sensor.

5. The system of claim 1, wherein said at least one reference data sets contains data

25  pairs of temperatures and corresponding saturated vapor pressures of said gas.

6. The system of claim 1, wherein said at least one reference data sets consists of three

reference data sets, said three reference data sets giving rise respectively to three
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5  temperature and said operating pressure of said gas with at least one of said three

liquefaction tolerance levels to determine said liquefaction status.

8. The system of claim 7, wherein said means for reporting said liquefaction status of
said gas is a results-reporting engine that reports said liquefaction status, and further
10 calculates and reports at least one of a pressure liquefaction margin and a temperature

liquefaction margin for said gas.

9. A system for liquefaction monitoring of a gas product in a gas piping system,
comprising:
15 at least one sensor selected from the group consisting of temperature and pressure

sensors for monitoring said gas product;

a tolerance-level-determination engine adapted for determining a liquefaction status
of said gas product using data from said at least one sensor; and

a results-reporting engine operatively connected to said tolerance-level-

20 determination engine for reporting said liquefaction status.

10.  The system of claim 9, wherein said tolerance-level-determination engine is adapted
to receive two input parameters that are correlated respectively with an operating
temperature and an operating pressure of said gas product; one of said two input parameters
25  being provided by said at least one sensor; and said liquefaction status is determined by
comparing data derived from said two input parameters and said one or more reference data

sets comprising saturated temperature and vapor data for said product gas.
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11.  The system of claim 10, further comprising a compensation circuit selected from

the group of a temperature compensation circuit and a pressure compensation circuit.

12, The system of claim 9, wherein said system is connected to said gas piping system
5 by a connection selected from the group consisting of a dead-ended connection and a flow-

through connection.

13.  The system of claim 9, wherein said tolerance-level-determination engine comprises
at least one of means for phase determination, means for data comparison and means for

10  data storage.

14.  The system of claim 9, wherein said results-reporting engine comprises at least one
of means for pressure liquefaction margin determination and means for temperature

liquefaction margin determination.

15
15.  The system of claim 9, wherein said at least one sensor and said engines are
enclosed within a single housing.
16. A system for use on a gas piping system having a pressure transducer comprising:
20 a tolerance-level-determination engine operatively connected to said pressure

transducer, and adapted to determine a liquefaction status of a gas in said gas piping
system;
a temperature data collector connected to said tolerance-level-determination engine;
a results-reporting engine operatively connected to said tolerance-level-
25  determination engine;
at least one indicator operatively connected to said results-reporting engine and

adapted to indicate a liquefaction status of a gas product.
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5 18. A system for use on a gas piping system containing a gas product, said system
comprising:
sensors adapted to monitor a pressure and a temperature of said gas product;
a tolerance-level-determination engine adapted for liquefaction monitoring using
data from said temperature and pressure sensors;
10 a results reporting-engine operatively connected to said tolerance-level-
determination engine;
a housing enclosing said tolerance-level-determination engine and said results
reporting engine;
said housing being removably connected to said gas piping system; and

15  at least one indicator connected to said results-reporting engine.

19.  The system of claim 18 wherein said tolerance-level-determination engine includes

means for adapting tolerance-levels to different gas products.

20 20.  The system of claim 18 wherein said housing is selectively movable along said gas-

piping system.

21.  The system of claim 18 wherein:
said housing, sensors and results-reporting engine form a unit;
25 said system including a plurality of units operatively positioned along said gas
piping system, a communications network having a monitoring station, said monitoring

station including means for monitoring said units.
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5 determining a liquefaction status from said gathered data.

23.  The method of claim 22 further comprising the step of indicating said liquefaction

tolerance level.

10 24,  The method of claim 23 wherein said indicating step includes one of delivering said
indication remotely from said gas piping system and delivering said indication at a location

proximate to said gas piping system.

25.  The method of claim 22 wherein said determining step includes providing

15  information corresponding to saturated properties of said gas product.

26.  The method of claim 25 wherein said determining step further includes comparing

said gathered data to saturated property information.

20 27. A method for liquefaction monitoring of a gas in a piping system, comprising:
providing at least two parameters of said gas, said at least two parameters being
correlated respectively to an operating pressure and an operating temperature of said gas;
providing at least one reference data set for said gas, said at least one reference data
set containing data pairs of temperatures and pressures;
25 determining a liquefaction status of said gas based on a comparison of said at least
two parameters and said at least one reference data set; and

reporting said liquefaction status for said gas.



