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BACKGROUND

{0003} Controlied composition fiuids are present in a number of widsly used fluids

including municipal water supplies, beverages, gasoling, intravenous ("i\V") fluids
and other useful fluids. in some cases, the controlied composition fiuid is not the
end product of a process, but is used in the manufacturing process of other
products. For example, semiconducior manufaciuring processes commonly use
controlied composition fiuids in cleaning and eiching of semiconductor wafers.

{00041 Systems for creating controlied composition fluids typically mix a number of
constituent fluids according o a proscribed ratiometric combination—in other
words, a recipe. In some cases, it is not the stochiometric ratio of the fluid
components that is important, but some property of the fluid mixture, such as pH,
viscosity, ionic strength, conductivity or other property. Rather than conirolling for
the preferred property, however, it is often easier to biend the fluid components to
a target concentration which corresponds o the actual target property.

[ODo5] Typically, fluids of a pariicular concentration are produced in a batch mode. Ina
batch process, the gravimetric or volumetric ratios of component fiuids are used
o determing how much of sach fuid is added intoc a mix vessel for blending.



a target concentration which corresponds to the actual target property.
[0005] Typically, fluids of a particular concentration are produced in a
ale In a batch process, the gravimetric or volumetrj
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{0008] Many existing controliers oniy have one or a limited number of anaiog ports
avaitable over which to send or receive a setpoint signal. For a controlier that
asserts analog setpoints to other co-ntroiters, this limits the number of devices it
can control. in other words, the number of slave controliers to which a particular
master controlier can assert setpoints is Hmited o the number of analog ports at
the master controller, Additionally, for each controlier o which 2 setpoint is

asseried, a separaie analog communications link is required.



SUMMARY OF THE INVENTION [0009]Embodiments of the present
invention provide a system and method of continuous mixing of fluids that
eliminates, or at least substantially reduces, the shortcomings of prior art
fluid mixing systems and methods. More particularly, embodiments of the
present invention provide a system a%d method to provide a mixed fIU|d at

pters. [0010]In accordance with a first aspect,
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[0014]Embodiments of the present invention provide another advantage
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prior art systems of mixing fluids by providing the ability to rapidly
compensate for changes in component fluid properties such as
concentration, temperature and other process parameters. [0015]In
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prior art systems by allowing a controller to connect to assert analog
setpoints to multiple other controllers using a single or a limited number of
analog ports. [0021]In addition, embodiments of the present invention
provide another advantage by reducing the amount of analog cabling
required in systems with multiple controllers. BRIEF DESCRIPTION OF
THE FIGURES [0022]A more complée understanding of the present
invention anéneeoatRiaRiRlges hrerasPitasBe SORNIRER 1S PerRFrisg RIS DY
following dethseriptidlag tsiked in dunjeretidRsire idiaecuiimygiihg analog signal
drawings in whiekelike tedeficsicenaiamiseterintiitatbdikestepgiipss dritme and the
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muitiplexes a plurality of setpomts transmit a first setpomt indicator signal
to a first target device to indicate to the first target device that the analog
setpoint signal represents a setpoint for the first target device in a first
period of time; and transmit a second setpoint indicator signal to a second
target device to indicate to the second target device that the analog
setpoint signal represents a setpoint for the second target device in a
second period of time.

[0019] Embodiments of the present invention provide an advantage over prior art
systems and methods of asserting analog setpoints by allowing multiple
analog setpoints fo be asserted on a common analog communications
link.

[0020] Embodiments of the present invention provide ancther advantage over
prior art systems by ailowing a controller to connect to assert analog
setpoints to multiple other controllers using a singte or a limited number of
analog ports.

[0021] In addition, embodiments of the present invention provide another
advantage by reducing the amount of analog cabling required in systems
with multiple controllers.

BRIEF DESCRIPTION OF THE FIGURES

[0022] A more complete understanding of the present invention and the
advantages thereof may be acquired by referring to the foliowing
description, taken in conjunction with the accompanying drawings in
which like reference numbers indicate like features and wherein:

[0023] FIGURE 1 is a diagrammatic representation of one embodiment of a
system for mixing fluids;

[0024] FIGURES 2A and 2B provide flow charts illustrating one embodiment of a
method for controlling flow of fluids to create a mixed fluid;

[0025] FIGURES 3 is a diagrammatic representation of another embodiment of a
system for mixing fluids,

[0028] FIGURES 4A-4C provide flow charts illustrating one embodiment of

another method for controlling flow of fluids to create a mixed chemical;



WO 2007/103184PCT/US2007/005377 [0027]FIGURE 5 is a
diagrammatic representation of yet another embodiment of system for

waxing fluids; [0028]FIGURES 6A-6C provide flow charts illy
anot;ILelr em%odlment of another method for controlling flow o%fﬁugg ?gm%”?

create a mixed chemical; [0029]FIGURES 7A-7F provide diagrammatic
representations of one embodiment of a static mixer assembly 700 and its
components; [0030]FIGURES 8A-8C provide diagrammatic
representations of another embodiment of a mixer assembly;

0020031 JRIGIRRES $is distisrrunatitatifeisrisbandorebeoribas pibbaimsnt of system
a systesnfansauitiplexing analog set points; [0032]JFIGURE 10 is a
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corresponding setpoint indicator signals; [0033]FIGURE 11 is a

diagraffigic ?éﬁ?@ggﬁ‘f?ﬁlgﬁ oPD %déﬁ%%ﬁﬁﬁ%ﬁf‘&'f‘% S0

[00'3ﬁ1u|t|pf‘dﬁh@%ﬁﬁég?gmwﬁdggnagrammatac representations of one embodiment of 2
static mixer assembly 700 and its components; :

[0030] FIGURES 84-8C provide diagrammatic representations of another embodiment
of a mixer assembly; ‘

{00311 FIGURE ¢ is 2 diagrammatic representation of oneg embodiment of a system for
mulliplexing analog set points;

(0032} FIGURE 10 is 8 diagrammatic representation of an analog setpoint signal and
corresponding setpoint indicaior signals;

[0033] FIGURE 11 is a diagrammatic represeniation of one embodiment of a sysiem for
muliiplexing analeg setpoints;

100343 FIGURE 12 is a diagrammatic representation of an analog setpoint signal and
corresponding signals for asserting setpoint indicators; and

160251 FIGURE 13 is a flow chart iliustraling one embodiment of mulplexing analog
selpoints.

DETAILED DESCRIPTION
[0C36] Preferred embodimenis of the inveniion aire illustrated in the FIGURES, like

numerals being used o refer to like and corresponding paris of the various

drawings.

10037] Embodiments of the present invention provide a systemn and method for
coniinuocus flow production of mixed fluids. The mixed fluids can comprise a
mixture of different fluids or a mikture of the same fluid having different input
properties such as temperature. in genaral, two streams of fiuid of varying
temperature are supplied {o a mixer. The flow rate of each of the input fluids can
be reguiated fo produce a mixed fluid at 2 desired flow rate and temperature. As
an example, mass flow controfiers can regulate the flow rates of a hot and cold
stream of de-ionized water (D.1. H.0 or DIW) to produce a stream of D.L HO ata.
desired flow rate and temperature,

[0038] The controi atgorithm of the mass flow controliers can rely on the fact that only
one combination of mass flow rates of particular input fiuids will produce a mixed
fluid at the desired temperature and flow rate. Conseguently, one of the mass
fiow conirollers, acling as a2 master controlier, can caiculate the desired fiow rate
of fiuid through it based on the temperatures of the input fluids, the speciiic



[0034]FIGURE 12 is a diagrammatic representation of an analog setpoint
signal and corresponding signals for asserting setpoint indicators; and

“;8(2? d RE 13 is a flow chart illustrating one embodiment §f sr007/005377
|pIeX|ng analog setpoints. DETAILED DESCRIPTION [0036]Preferred

embodiments of the invention are illustrated in the FIGURES, like

numerals being used to refer to like and corresponding parts of the

various drawings. [0037]Embodiments of the present invention provide a
system and method for continuous flow production of mixed fluids. The
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[004mpeEatbreiofehis niifedofiesenTineamiisterevia olkysem ingrmsdizad fas
target ﬁ;me%ﬁﬂgeﬁer@g%at&mesaﬂwmﬁﬁaemgmrﬁmezma@eﬁew
controller a{jé’usts the Iow égagtgi %f flp ggr?zug%% @g égﬁggsm an

temperature ana the t ature o ixed termlne
tempe?&ﬁ]?@ ggr]@b'fo muttrpie targeti devrces {s.0.. stave controliers} on a common

analog communications fink. The analog signal can represent a piuraiity of
setpoints. According to one embodiment, setpoint indicators can be asseried (v
the target devices on digital communications links. When a particular target
device receives a setpoint indicator, the target device can save the vaiue of the
analog setpoint signal for use as a setpoint. 1t should be noted that while
embodiments of the present invention will be discussed in terms of controfiers
used in a fluid mixing system, embodiments of the present invention are
applicable {o any system reguiring assertion of muttiple analog setpoints.

[0041} FIGURE 1 is a diagrammatic representation of one embodiment of a system 100
for mixing fluids. System 100 includes two flow controliers 102 and 104 that are
in fiuld communication with a mixer 106. System 100 further includes a
femperature sensor 108 upstream of fiow contfroller 10Z, & temperature sensor
110 upstream of flow controller 104 and a temperature sensor 112 downstream of
mixar 106. Temperature sensor 108 and temperature sensor 110 are connectad
fo (i.2., can communicate a signal representative of temperature) at least one of
the flow confroliers; flow controlier 104 in this example. Temperature sensor 112
is also conmecied (o at lsast one of the flow controllers. in this exampie,
femperature sensor 112 is connected to flow controlier 102.

[0042] According to one embodiment, fiow controlier 102 and flow controlier 104 is each
an OptiChem P1200 LFC flow coniroller produced by Mykrolis Corporation of
Billerica, MA (now part of Entegris, Inc. of Chaska, MN), though other suitable



[0039]By using a temperature sensor to create a feedback loop to the
slave mass flow controller, the slave mass flow controller can regulate
éu Hg\é{ﬁte to quickly bring the mixed fluid to the desired {£MRRAHIR377

e temperature of the mixed fluigl approaches the desired
temperature, the flow rate of fluid through the slave mass flow controller is
adjusted such that the flow rate of the mixed fluid approaches the desired
flow rate. Thus, the mixed fluid will reach the desired temperature and flow
rate. [0040]Embodiments of the present invention provide a system and
methofibio conimijsiexiag baaldigesbtidixas 1 A& cordmmi-raaY iydiahisesitngmic or
the presariinveTHomaREMAOEHaIGN arRoskas fnnvomasisticoaniolledpscribed
can aﬁﬁ%rﬁ%é‘t@%ﬁ'ﬁ[@u@é@%@% QST IRVICER (€ BnSlAY80s, 110 and 112

controllers) on a common analog communications link. The analog signal

can refPASAYIE ALY SHAG! %m@%@tuﬁcﬁ%ﬁﬁ% to one embodiment,

[0048¢tpoiftuitdivattisrbatian berngdernst iebrrattciedeyitd dlof digitas supplied to

Qommﬂﬂ\i@a&%!&ﬂk%w{&ﬁé\ RuRAriaUbEdRIgehsievica jecRiveRaisaileig!, cold
indica Q?ﬁt}q(gée&p%ﬁghp % %Qr%%\‘i%’&ﬁgr \%L%'e ﬁB&PﬁoﬂG@J%Q ﬂr@{ﬂﬁat&s the: flow

signal or use as a setpoint. It should be noted that whjle embodl%ﬁ%ﬁg o

the pré€éwt it %ﬁ'%ﬁa‘ﬁ‘% RoUTYgE 4Gh TRPIEtRT EBntrdierShise
fluid minixsy $98tcFhesnfbitimenbleorateap raient (f ontiod we apphditiet 18 at a
to any systeindequiting086€ fion @tenultiple analog setpoints.

100420411 FlGHRE S Brdiadiammatic s e&m@@ @@ @frﬂ&@r%@egm%&mm

a system 100 for mlxm fluids. System 1 incl 3%’8 tcontroll f the
102 arﬁ?i‘?ﬁ%ﬁtt&%efn?mf’& E@éﬁﬁy% rr?’c’a?lon”\(/ve'l a mlxe ?6 eén tem m-103600
furthertinctidesis MM@%@W@@&%M@WW%}%@M

a tempermikiesensperk kb pstiean mlidlonscontrel lesriOdaatyd aprocess tool,

temperaiis; SeRaRkd e JAMNSaaR QHB%%%W SORREHRI WS SERTOk:

108 and t f 110 te
2 sinAP PO o IMPEatore) 3 TBREE AN of e MEFeBo pgeranre

flow corrpshed QDA %ﬁmr&m@m@%@%ﬁéﬁ@ﬂ@%ﬁim sensar
connecied e atileaskeaaepithardal eontialierss iy thiSiexampglejier 102 and fiow
tempergifeiReRsA bl 2SO BRAREIQ AR GABHRIFERRRG with the type of hot
[0042]Accird|n%tf9uone embod| ent 61 w controller 102 and flow

controlfSIIB 478 eac Eil E’ 00 LFC flow controller produced

(0045} Myk%@ﬁmﬁmﬁ%wwwwmﬁ%w&ﬁt&ﬂ@n%ﬁ@fﬁﬁ%‘déwid 116, flow

Chaskaphid)sthozgizothmrssitatble d@iies (py, poland specific heats (Cpy, Cpclof

i/IO(lw %@gﬁ&éﬂ@% QSI&Q@HQQ%F o contiolarscam Q@n‘ﬂﬁh?%ermme the
ixer can include any suita 0 r.for

flows. é)ne 5%889 hier eé?fzsfgt% ?Cr%y e%kglfé'l§ egir@g%%)%%oﬁ hgion wﬂ%game

FIGURES FRIATRE W ABER AURG MRS £08, PO TEATH Heide®

any suitabkitinape sracfisonstr st 0843RE stk dasedwntepinemaangsg the

temperpiilgifg-SoehiRlidhid 114) is supplied to

Table 1

Order o=t} Cp=Ff(t)
O 98988 1.0081%
1 6.20242E-05 -8.50318E-04
2 -B.377272-06 2.8655E-05
3 §.621958-08 -4.28883E-07
4 -4,17404E-10 3.44832E-09
5 1.159858£-12 -1.108435-11




flow controller 102 and a fluid that is colder than a target temperature
(e.g., cold fluid 116) is supplied to flow controller 104. Row controller 102

e flow of hot fluid 114 and flow controller 104 regulates the,, -,
00
“rﬁ)%y(ogﬁg fluid 116 to mixer 106. These fluids are blended at mixer 106:33

to produce mixed fluid 118 at a desired temperature and flow rate.

100441The flow rates of hot fluid 114 and cold fluid 116 to mixer 106 can

be controlled based on a target temperature (e.g., of mixed fluid 118), the

temperatures of the hot and cold fluids, the fluid properties of the hot and
[0046bld flTisigaahdsthrevided hyred tahpammiccaotimitdenfiaigrl 18thdeguations,

particu@wpaéy@geﬁatmls@mmﬁ @é@ﬁ&ﬁ@@t@@bt@mm@m%pecmc

flow ¢ ntrpller é04 rget temperatu &tﬁl@ flowy r@t%(ggn{,} A XE N eover, it

fluid 1 tlona tem rature sensor provides the temperature

of hot ﬁﬁ%"ﬂ’& unemged émw%éﬁ%&rﬁ‘@@r%ﬁ%ééﬁﬁé?&%ﬁ%&ﬁ%ﬂum
[00481 coldthind theGtokt Rovwsenitolk frQ2t dewt fiewtosnitall ol B4t mragature (L),

be %rom@mmam@wmeﬁmhmﬁm@ mgt@gﬂtéoﬁ&ewfmg {Cpu,

used in.s e t nd t

hot flu% %1? n}é ?(g%% 1%% %%Qc%%lgfr%#&er 1(@2 &an C?{l};&%&?}#&?%&

densitR<aSNDHO 2R %@eﬁi@%@a@mﬁém&?}%ﬁ%m& PR Qi 118

fluid 118:Rowigentsbaskty icamsimilelpadterigineitecedesisity (PT) and

csperifieduericiEni-mixesl s HiE et dhe taugst empenature ((T). For
example, gheag gtrﬁg% id 114 and cold fluid 116 | H20, the densities
and specific heatS can be calculated based on po nomlals using the
following CoefEREPERLE wo 20071103184F}lé;r)1uszoo71005377 9
[0046] Table=1hs! Srovideddrpturgy of example and A&Elimitation. Other
equationsileakap fablespeathes suitable mechanisay can be used to
determine the sPeGifie I&gg&igpd density for hot fIwg sycold fluid 116 and
mixed fluid <ffL18 Moreover, it should be understood that hot fluid 114 and
cold fluid Pré &h B AREFEAL fluids. [0047]Using tf’%‘i@r get flow rate
(Q-ri), targewdentplerfivigsretilc hettfluid temperatufealig)Seold fluid
temperatugg(ts) nepretiedirais wfdhe hot, cold andimaixgddiuids (CpH,

Cpc, Cp- r)@r;d. %@tmﬂ&@g&qﬁgwld fluids gggpﬁgp@g controller 104,

according to one embodiment, can calculate the target flow rate of cold
fluid 116 (Qc) to mixer 106 based, for example, on the following equation:

QcraQPo 1018 O Perug¥EHsCprEp Ty (HHRC PR fo-Tho) RO W gentroiler

QT= tangetdiovisatetilarMe appropriate Q¢ according to any mechanism known or
developed in the art. Fiow controlier 104 can regulate the flow of cold fiuid 116 to
the rate of Qg {within the tolerances of flow controller 104) using pressure
differential based flow control, heat loss based fiow control or other flow control
scheme.

[0048]1 Flow controller 104 can further pass a lemperaiurs set point tge to coniroller 102,
The temperature set point, in this case, can indicate the desired tempsraiure of
mixed fluid 118. For exampie, {gr can be equal to &7, Controlier 102 compares the
temperaiure of the mixed fiuid (tu) {0 e, I tu > than s conirolier 104 can
decrease the flow of hot fluid 114 and if &y < tgs, controller 104 can increass the
fiow of hot fluid 114, By adjusting the flow of hot Buid, by will approach ise.
When L is approximately equal to sk, (l.e., within an accepiable deviation (e.g.
5%)), this indicates that mixed fiuid 118 has reached the target flow rate and
target temperature, In another embodiment, flow controlier 104 receives ty, from
termperature sensor 112 and passes ty and {ge to flow controiler 102.



t-r = target temperature(C) tH = hot fluid temperature(C) tc = cold fluid
temperature(C) Pc = cold fluid density(g/cm3) PH = hot fluid

“%eﬂ)%%(%/&gﬂ) Cpc = cold fluid specific heat(cal/get) CpH ziﬁf%g%mﬁssw

specific heat(calig"C) Cp7 = mixed {lyid specific heat at tT(

Continuing with the previous example, 0QT1 and tr = trh and flow

controller 104 can determine the appropriate Qc according to any

mechanism known or developed in the art. Flow controller 104 can

regulate the flow of cold fluid 116 to the rate of Qc (within the tolerances of
[oo4fipw chhtnokded 04 ceing piessiy cedifferkiti dase tfl hccampobxireiely at 1 Hz

loss baseddlaw£entm@intRehauaaREDl Schemex D48 elapeaantsellaesired

104 Canqiigg Iﬁlenrdq%s\’& E‘aaitéemr %%@}%raeraﬁgé%%knéggf’? tg. &9@&% &r%%aﬂ-ﬂﬁvention
temperature set point, In ﬁNS case, can Indicate t%e esired temperature of

mixed FRIFHERY B THRIIES E5PBE EGUAT TP Controller 102
[0050D Mpate sitsertesripdratar eavibie ik dritUith ttrailetoitshait tme mdsia-sipre
controfiginlhaandaginasedhedowf hotduishddeandif thhewiser-siave
controlieh 4% e I eaaEdfie\a BE DAl S aoNSHES ettty tne
of hot 1 (i , tom will approach tsp. When tm, is apprOX|mateI¥ equal to ts p,
(1., WRRHIHTREEES e BETBIOIRTE B SM ST EARE AN o=
fluid 118 hes/ideatchistl threicgbtefoveraitscntact dryettsnps aupiigncontrolier can
anothes.epabasiaanth (QwsanialasiddtderrivesiglefanitemperBititase,
Sensorn%&%e@%gr&%ﬁé?%dﬁ’&?%ﬁ&oﬁ%ﬂ@%%&rgg%’ u%gg‘rer or slave with respect o
the other controlier.
{0051} It should be noted that higher tfemperature fiuids can cause errors in pressura
based coniroliers. If a pressure based flow confrolier is used to control the hot
DIV, significant errors may be encountered as commoniy used pressure sensors
are typically sensifive {o temperature changes. I the hot fiuid flow controlier
controls flow based on press-ure, temperature compensation circuitry can be
used. Or, as in the embodiments described above, the hot fiuid fiow contralier can
employ a temperature based controfl scheme.
10052} FIGURES 2A and 2B provide flow charts illustrating one embodiment of a method
for controliing flow of fluids to create a mixed fiuid. The method of FIGURES 2A
and 28 can be implemented as computer instructions that are executable by a
processor stored on a computer readabie medium,. For example, embodiments
of the present invention can be implemented through programming of one or
more OptiChem P1200 LFC fiow conirollers.
{0053} The flow chart of FIGURE 24 coresponds o the control method implemented at
the cold fiuid fiow controlier (e.g., flow controlier 104 of FIGURE 1) and FIGURE
2B corresponds to the method implemeanted at the hot fluid flow controlier (e.g.,
fiow conirolier 107 of FIGURE 1)
§0054} The cold fluid fiow conirolier recaives inputs inciuding the target mixed fuid
tamperature (i), the target mixed fiuid fiow rate (Q+), the cold fluid temperature
(tc), the hot fluid temperature (tu) {step 202). Using these inputs and the
properties such as specific heat and density of the cold fluid, hot fiuid and mixed
fiuid {at the target temperature), the cold fluid flow controller calculates the cold
fluid flow rate (Qc) according to EQN. 1, where Q=0 and =iy, {step 204}. The
cold fluid fiow controller sets 3 temperaiure set point tse Tor the hot fluid flow
conirelier {(step 208}, For exampie, {gp can be calculated or set {0 ty..



WO 2007/103184PCT/ S2007/005377 10 [0049]Controller 104 can
continually recalculate Qc and tsp (e.g., approximately at 1 Hz or above,

W%C%%Fﬁég one embodiment) as the input fluid temperaturgg4esi®thosz77
mixed fluid fl

ow rate or other paramgters change. Thus, the present

invention can quickly adjust to changing process parameters. [0050]As

described above, controller 104 and controller 102 act in a master-slave

fashion with controller 104 providing tsp to controller 102. The

master-slave dynamic of these controllers can be reversed with controller
[0054102 pMybessirigater Fpabipressding Gieploteoirroiid 10d TPwrassiratgecan

one obthgrcegiiatiemsneanida® prmdded withibe takgettpoieratust @ cbmmands

flow raje. Aacllg AILLARBHAIR"EANAE AIWAHLHINASA (17D BMoutERor

computer system or tool. In this case, neither controller 102 nor congoller

104 atELL0w rrdieles Fem R AN R AP PR StRsPEbHR IR fD OB T o
shoulgtiemetedntvat hideateinpodingrevt oridicisCiud@esaiia ppntrol

pressydbiasedinenizolortoliatuiess) eopasashinnanalialiardssaneds, fuzzy
controldiie B8 B e aNHIGRR: SHHRE AN BR AT CBHOIRIE AR ARG cold

used préssure sensors are t)é@{cally sensitive to temperature changes.

. ) If
the hoVRSEH ST EEAIPETEPE TSR BRLEGCEHY Sraddgve SRoiFpist e
compeiesatiore dhefity reim{perniddd) Othaduidifiererh boldimeigiddess iryine
abovegthedaol futiddionmeoaiio ivicanetopipar iemperaiye haded rate, and if

COntrOI%g%@gﬁua&%&@lE&&B§§tﬁé\&@%ﬁﬁz m&kﬂ%ﬁ%\efcga@migy@gming

one em ent of a method for controlling flow of fluids to cr,e%i'g\e % te (st
mixed MRE R RS ol 18 EVRIE nga%aﬂggﬁggﬁageﬂ? BCRNEE S N (step
computés inJtruetihestidfleilloxceentblietyas prbid saefleroraly ghogld fuid
compuiasseadahiesrgstioe fos asamptesenpbodiments of the present
[Ocséﬁ‘ée”t'?&s‘?ﬂq Re-mpiepentad (LPHOR REQSLANYTHEY 6f e RRIPRLR Y, can adjust

tiChem P1200 LFC flow controllers. [0053]The fi t of FIGUR
R R e

controles (ebgd flold eBrmedlidist 04T ORIAODREBUPEAH & F REIREIgR can be received
correspeRaisdie:tie metho@dimplerneniedsat therbet flieiddlonwenniveltentrolier.

oo e R e Ao LT B2 e
et (R T8 PR b1, A o Gt A AR AT Tow
temperatare’ {fe)netbyotRe B3heRIcshinp aaang el piolcrteeritils system
as spegificdreat pnceden siiy: abihecatdiiuidares fithandwiiedfluid faiki (step
the targgbtemperature), the cold fluid flow controller calculates the cold

id flaw rate (Qc) according o E 1, where OT=Citi and te=te (step_ .
[0@% ?Iﬁ?ﬂ’%@g%{%ﬁgﬁ 28 cén be 6%?a?tegas i3 or%es;? d.

4). T eec%? OW CONn ure set point tsp for the

hot fluiBHIERR 5B KEF Este BERTBY2 R S SRR L4 KT BY CARTHRITE G various

set to tateps performad by each flow controller can be performed in paraliel.

[0058] While, in the embodiment of FIGURES 24 and 2B, the cold water flow controlier
is responsibie for determining the set point lgs for the hot water flow controlier, in
other embodiments, the hot water flow controlier can determine tse for itsell or
provide (g to the cold water flow controiler so that the coid water flow controller
can regulate fiow based on ty. In other words, the roles of the hot and cold water
fiow controliers can be reversed and the steps of FIGURE 2 can be otherwise
distributed between the controllers.

[0058) Thus, one embodiment of the present invention can include a first flow controller

{e.g. flow controlier 104), a second flow controller (e.g. flow controller 102}.and &
mixer downsiream of the first and second fiow controllers. The first flow controiler

san regulate the flow of a first fluid based on a target flow rate for the first fluid



WO 2007/103184PCT/US2007/005377 [0055]When a trigger signal is
received (step 208), the cold fluid flow controller can begin regulating fluid

0 ing.Qc as a flow rate set point and issue commands - het fiuigh -
Wff+o%()xvﬁz]cs>l%%%er to regulate flow of the,hot fluid (step 210). The cold fluid

flow controller can adjust the flow of cold fluid according to fluid flow

control schemes known in the art, including but not limited to differential
control schemes, integral control schemes proportional integral control
schemes, fuzzy logic or proportional integral differential control schemes.

If the fleig. flow, aircokbwatonitigre atstntien the fRod fievihediqroRita serpnd fiuid

fluid flguseoaiiallemesdrslars easpdne-ieny aiadsienrrla i thediiiliareaied by

of colc‘ water is less than the fluid flow set point, the cold fluid flow

contro T\er can increase the flow rate, and if the cold fluid flow rate equals . .
[00&e sef PRmMSERRIIN AR HECebEHESIBRATRIET ARt R ZIT) CtRELER] M ne

fluid flevsisontrelisousinamimanriariiswithesisprzd Byidehadchins eéiar

fluid flenseopiiollencaradjusisthadionseaiost eothi weshasodomabicorporates

target pald flic low 17t 55520 Q5 QSR TBING AL RISBE A HRing

hot fluid flow controller, on the other hand, can a(?gﬁjst the flow rate . of the

hot fuRYDEELECS PIREERH EPARGETBIM S Pk AR DIATS SXE R ey e
fluid setipeirP{sp)! Msetathiveraniiehdi®hie mvedduitwanipe! e e gddition to
either digcsihyftorne iGapesatlvecsansREion fror theumrid f gis fliow mixing system

e flom s e r s MgmassPas 1600
controﬁ’@pﬁﬁ%%@??ﬁQ%N%QESSFfﬁ% %180% f#jeﬁg(g e”S . f%éé%ﬁrﬁ%\%m Fpm
equal #etspe(Rifiin A cbeptapl day seialse it eayirie hetmuiPTerpoentrated
controeranaintainstaarfiow zatemeihotifiich (stap:222) cHRO5ZA Therttep svof
FIGURER:ZA/00 2B GaRde 1ePsaiadias RestedRrdasitad cMIenysin:

the various steps can be ﬁperfor,med in a variety of orders and various

steps ﬁ’é‘f?ﬁf%%ﬁybga%ﬁ &V EFitroller can be performed in parallel.

[00§0D5 8] avilEe ipalifecd MBGRRA PRI firTOR ES PRIEd iR tild fareTer
flow condrakgiersoespomsibiedaioteteeniitingthecsetrpoanfdspofonitbishdto. Cold
water floyu GRRIEIRF. B OtherRmadimants, theRolwalek i cartrellertor diute
can dejernine.top for iselfof provide,tsn, L0 th eoldwater, o coniolier e i
so that the ¢o a‘wa &Y Tlow controner can regula{e ow based 6n tm. In

other viBRRe i fdles & HL KR ARPBESI danaRs: owaSSiTt N 1S Bsprhg ixed
reversethanidhiosteps Of:FIGHURE @rgaimbesstiseavisaidistdbendiuid controlier
betwe?fbw@aﬁ%%{%lﬁ@f ;LQQ%%EBF‘@WQ%@ %F"@Wfi{@?l}té?fdthﬁvpfgﬁe(ﬁtconcentrated
inventi inc a first flow controller ,

second st 5P -ug*rsisr’a: SRR 8o SIS AI s Brical nee o

of the 8l BEBRPACIPBMABIAES PhEltiS R cBnu'BRdP s lemperature of
regulatevtkei W o1& fisst Frikbrmed orraliarget Adwrdtisingr themsriiife input
temperatures of the hot and cold DIW, cold fiuid flow controlier 104 can further

determine the target cold DIW flow rate {Q¢) and temperature set point ise for hot

fluid fiow controfler 104. Cold fuid fiow controliar 104 provides isp to hot fluid flow
conirolier 102 and Cenen (0 chemical flow controlier 310, Each flow controlier can

then controt the flow of ifs respective fluid.

0062) FIGURES 4A-4C are flow charts iliustrating one embodiment of & method for
controfiing flow of fluids to create a mixed fluid. The method of FIGURES 4A-4C
can be implemented as computer instructions that are executable by a processor
stored on & computer readable medium. For example, embodiments of the
present invention can be implemented through programming of one or more
OptiChem P1200 LFC flow controllers,



WO 2007/103184I'CT/US2007/005377 12 (e.g., Qc), and the second flow
controller can regulate the flow of a second fluid based on a temperature
W&%@g%&gd a temperature of the mixed fluid created by theg mixer, 05377
e system of FIGURE 1 canrsbe implemented as a subsystem of a
larger mixing system that combines the mixed fluid with additional fluids,
such as other chemicals. FIGURE 3 illustrates a solution mixing system
300 that incorporates the subsystem of FIGURE 1. In the example of
FIGURE 3, solution mixing system 300 provides a concentrated NaCl
{006 Splutionanirib g S ystessporubichtiibesnixadriid ibdhisrcembire dwithid fluid flow

NaCl 1o profuce. "%&\@9{@9& 464@9%@@%@@? ERIRENRBISAISEHSSETo the
in co gunctlon wit RE 1 %b r;‘(r)[gl lhg?gg(ﬂ?tem 3 O| cludes one or

more S30FRLLBYE5H é’n??g?e there'| NG Bt pernroter
milliont @3 KeaEiEsduped §6&U§§0@ﬂﬁﬁﬁ’%6@m@3®6tﬁﬁ@ 'mfl%ﬁﬁd at
sourceragaAnchemiaadiflowicontroller 310 controls the flow of

aosﬁﬁ nC&?H@‘E%QdM@Qﬁ ﬁgv@ éﬁ'ﬁ%gr%@(@é g’\}#ygg qﬁc‘ib@i&? ﬂ?@%‘i@é@%md chemical

emical is mixed with mixed 01W 118

r 312, according to
emboH &I IR PR RVAIRBIL AR b Ease sdcgﬁ’é |xer{%%6’éq%ﬁmlp frgure (to).
sake dhexahiise, teatberaiort dw COatiNst TORSEAAIRiES B TResas e (iv) (step
controfieg foubpfitidtHmutcanbo beet2iant: eapmicdliflovagenivoles Sdémnical

(Cc;% ;‘P]gaa, g&\et/ éon@é'?g&é%{m%%%@égeam&?&fwwm fiow rate
or arget mixe emical ratio 10or ute
Lk %sﬁ?am%wﬁ R R R e e S e
Basedw:thfétfﬁr@égm%ef&%%%aﬁﬂéﬁ@%@émﬁmﬁe iﬁ%@ﬁﬂ%&f NaCt
chemieal raie, licpic:fiaid coricotier-Alcardeterminesthedar gobflovaldite cold

of DIV (R Tihanddow el 9&&9@%@@@1@&&&@!&5@&{@5}&%@(@ ?equaé to the

t f th trated chem ff t
empo AL T AT S0 R ot G RIE rr BTR EE™

can bevserefafto (RN = Argiiauaiivg the, coki Biid FRw reptolier can set
tempetatarestof thechoiandacelib DIW, cold fluid flow controller 104 can

roodbythengrlermy @%@EQ%?Q& RN lowa8e (0L A8 IRMBR BYMR RSt can
point tzJ p for hOt?uTldf W ontroIJer &}04 Co gid fIwcé flow conﬁro ler 104

provid 3%1 ot Rid’ ov?%é“rsl’ PSiier 165 aRd Bchém £5'C S fqioyands to
controffes Bq@it@baﬁ%wtfeﬁﬁféﬂé%éﬁiﬁwc@ﬁ%Wé‘ﬂ'&ﬁreﬁ jigue commands to
respectieschiaidici0062 tEHGLIRES cbividChave dionedhart SulliisTTasingldfieid flow

embodigiepiiet éam%hgg;uef FesQ g dlew.ah E@&Qﬁd@&sm@m@%m
fluid. Th meth d of FJGR 4A 4C can be| C}ené%geg &mgm%(

cmdm Ut ot il
mstruc’?onsn‘fﬁ are execuefaab Yy a processor store on acomp uter -

readabieAEERARIFH? é@&ﬁﬂﬁilé@f@ﬁﬁadﬂﬁ?@%‘%ﬁh@tﬁ%&mﬁ%ﬁfﬁm% fuzzy
can beldmiplenpemteditins ighgebdfarenisgcaihtnesoharmsre. Oghe€fiemitow of coid

P1900 Ju - flor-castolRrte W AN 5103 BARCHUSAIN LORAET &3
[00631F F'G 1 5&» 4 SRUEesRonds 1 e contlmeines IpRIGmERiedkal then the

cold qu
ﬂmd ﬁcw set point {(step 414}, the cold fiuid flow controlier can increase the flow

rate, and if the cold fluid flow rate eguals the set point (within an accepiable
system tolerance), the cold fluid flow controller can maintain the flow rate (step
416).' Thus, the cold fluid flow controlier can adiust the flow rate of cold fluid
based on the cold fluid flow rate set point Ge.

[o0es] As shown in EIGURE 48, the hot fluld flow controlier can adjust the fiow rate of
the hot fiuid based on the temperature of the mixed fluid (lw) and the mixed fluid
set point (tsp). The temperature of the mixed fluid can be received either directly
from a temperature sensor or from the cold fluid flow controller. If by is greater

oy .ﬁdn

than tsp, the hot fluid flow conirolier decreases the flow rate of fiuid {step 418),



controller (e.g., flow controller 104 of FIGURE 3), FIGURE 4B

corresponds to the control method implemented at the hot fluid flow
W%OMWF% (ig flow controller 102 of FIGURE 3) and FIGURE4&1q#A85377

control method implemented at chegpical flow controller 310. [0064]The

cold fluid flow controller receives inputs including the target mixed

chemical mix ratio, the target mixed chemical flow rate (QT2), the cold

fluid temperature (tc). the hot fluid temperature (tH), the target mixed

chemical temperature (tT2) (step 402). Using the target mixed chemical

mix ratioiarddhrdarge timixetficiefitiealditwimtedédsthdareoiid # wideflgthe hot

contrailgs caRAeIgTmRaNe et.aéa%%\ttp twrrrratscgasaart thadandaiaks), the

thecon trated che anro erf Da Ism

examp gﬁc? Ea%ﬁlﬁ? rem?tB missumln i %t%ggﬁl ?tﬁ?a%% \}vrll
[006Rave [t %M%%@iﬁé@fbé‘fﬁ'ﬂa% aﬁwré th%%wéﬁﬁaﬂdwaﬁa*d

fluid flgug ceptradieraan SaCihedssgenixed-Hs W sierwperatiiid RE yEgusine fluid

to theﬁé«kﬁ@hﬂ@%@?ﬁ?@t&é'&% BHEHERAs %%@t@ﬁ%@@xe Qerern,

accord re ste 08 A naII d

flow c& ?qg‘lfer can %%’t fs i rt ﬁso S O\r%/n a%a égfv&?h Hu'gﬁow of
trigaetrgGRarrI et/ [aYep 21998 the okl lﬁ?é@ﬁo‘%ﬁ'Qb fiFofflF @atﬁ‘ Bedin
regulatingritsd dovingstagCledoa flow satbiSekprinteisssieconemantiiicte rate
the hot fluid fiovegp Hﬂ%&&ﬁiﬁ%ﬂ%ﬁ%&@tﬂ&%@%ﬂc&mﬁﬁ@é}dti‘%sﬁﬁ‘emrcat flow
commands o the C caI rho"%{ control er to&) )trcgjhflow of the thrr s‘tlwd

The cSPd" KiGsirh c%ar'r?roifer Can for ad séi the flow o coi’(}?f? accordrng

to frurcfﬁetre%rﬂ@a%%éfrﬁ&ﬁ%wmﬁf ﬁ%“&tﬁ%tﬂﬁ&hﬁ%ﬁﬁgﬁ&sﬁﬁtﬁad%m'd
differefialfioantsed sehparesiintegral control schemes, proportional

{ooﬁ'ékte?r?‘r&%}fﬂ@hﬁ&ﬁ%ﬁﬁﬁdﬁ@%&%&%ﬁ?ﬁm trsta%raé @isﬁﬁﬁﬂﬁé:rt of the

control schne e ow old water reater |

set pOPr serr iWUIOL ow%nﬁoﬁfer?cgﬁ“qegﬁetasaes © %e\ltf;hragt{el:lz St%ee 'é%’ Q‘\%IURES
irzl):itfferem -

the frurﬁﬁmaﬂd%?é?tteeeeﬁtﬁ%%@mmfﬂﬂﬁ SeP pSiAe
the colstdbsid flowecontratiersean ingreassing flovesatevandnifrtlier calel Hiiid

fl 0:’(\:1’ ;?ﬁ%rﬁﬁ%lt@@ :WS&?@%M?O WALt l@%@%@ RiQkle systemtalaranes) ciidroller is
cold fluid flow.controller can maintain the flow rate
cold I TOW co goﬁ?roﬁ%rﬁ L(]:ignn dvﬁg ﬁ%;en ﬂ‘gw %%?e o% coﬁ%ﬁmﬁ %ggqe %g&% the hot

cold fruratﬂbvwatega%ﬁﬁ@ﬁ@@é@]&%ﬁawwﬁ%t:tetﬁ&@&éttﬁ&’ﬁ%ﬁ aac
fluid flearcentibercaniadjustab éofiowratecohtivdidet fhuidilbasdy, dmethdes of the

tempeiiiget thes r&&t@&tétu!drm(ﬁm@rta% prxad HuidsetirokH (isplnd Re: water
temperature of the mixed flyid, can % frevsirg t;hg% direetly Som. 8o water flow

temperature sensor or from the CO OW contro er If tm, IS greater

than tspPiteRbEIRHAASRMEBRTRS I8 ﬁéﬁr’é%@g“fﬁ@%@\‘?ﬁte of fluid (step
[008EES), ifinWe S2087IFeS18 FETUBS 20071003832 Idislansigniesdhnbiv:tispiot greatly

the hotficlfiony eanteatiesinareasesthediomiptaiotinrbet thiddsterp mixer 512.
420) agﬁ LS & %%t%gpn%!%a%%&@%%a@t% mﬁé@ermr% (iae2) IS

hot fluid flow contro Ier maintains the flow rate of hot fluid (s
[0067] PREEHERIRY Mol TofARRPER S R PIMEE R ?F&tﬁ)%r‘rrréf D).
additiosatfididd dogprotimcantimdic NA Ol itraseebon OhsTticasas apdian
FlGURErATSéerG% ﬂu%&%@ﬁ&e&am@eﬁ&éﬁa@ chemical (esotesddid)dan be
greater herp, chemical flow controller can decrease the flow
rate st |f the fluid flow of the concentrated chemical.is less_than

[00E9y - (st 9%@ 1o {RE GG ATIE ALY SRR RA R TRARBTE ML T g2 tion
and if theaunesttratealchenifcts franafEbithals thet seopsine(RupiMymeter 502
acceptaple:systeindeie iange)athe ebasmicebilameontsale srasconainibisr 312.

the flovsrate, (S16R 48AkLEVS, 4G ﬁt]&f@'{:ﬁ'téhrrr LARQNSTCRB ARG of 2

flow rate of concentrated chemical based on thg cold fI id flo rate se

point OMHER R EPR & B AT RETR B RN b AR

represen one
exampleceespidlioe af eptRentrated chemical added at statm mixer 312 to achiave a

X K 3 gy Sy



present invention. However, it should be understood, that the steps of
FIGURES 4A-4C can be repeated as needed or desired and can be

e different orders. Moreover, the steps impleme t

“ﬁ)&)\{)égéc@%?g{:er can be performed in parallel. While, in FIGUF?E@g%Aﬁ%hMW

the cold water flow controller is responsible for calculating various
parameters and asserting set-points to the hot water flow controller and
chemical flow controller, the step of FIGURES 4A-4C can be otherwise
distributed to the flow controllers. Additionally, the roles of the hot water

and caldgivatetoiianceanirolesaicamberte ersssksuah that thedionalRe sensor
flow ¢ QJ&%H%) éré%ﬁof 'Qé.{ﬁ}g?%dﬂ%& ?aﬁ&%ﬁﬁ% 6t RNt AR ike cold

water flow contro er controls flow based or. a temperature set point.

1007 Hoe 9 PIHRe A HATT R FIED BES SR ABHRIFE RS AL GRS & AT T
is not grewjeaffechotdtiotampetan G v BivechdditonRbfiuogledRap.

the seganslipnieg 84id rbhussdtrisiassumeddhat theslempasaiy b fididial rate
the 0“&'& of.m %%ﬁét%&éé‘%%éﬁ%%”&% EOEVHL; %%% cs‘%ﬁ\%‘%é&%@&%%@ﬁm)

temperatife of the mixed According to another embodiment of t
preserfTAvenfgRc AT fTea! f@ﬁﬁ%‘f?ﬁwg’%% a8l s rgm (mixed
measurBeijded suithavithiiuie rpdreiiard Careedatothireltbw eareiSbw rate of DIVW
[0070]GVENE fols A ag caimipaticEeNeeRMtalion. ahsaeyembasine st Giqual to
a solugion mixi gter %g’Qn?ﬁgesEH?J@%%H%%@:@%H%E&@JQE& agdsAw, coid fluic

conduc{lwty and an additional temperature sensor 5

downsfREAPIFIEETE FARdFE1. SEegteR %%ﬁﬁﬁﬁé’fﬁlw"gfﬂﬁ“ﬁuﬁe@“) and
typicallgreisteidrosticeinh terirationiviiditwi¢oniwieedBacksfrom also initially be
conducisiity, s@ns e, Sedeankaiusashieadiustiherentsenlatien alid fiow

concentggied chemical @jde%a&éémagam@rc%%%éﬂe%h Ve 2 WSy controlier can
2007/1113184PCDUS2087/005377 desired conductivity. Additionally, the

temper2EHEYERY By #9% AR (PERETIEE/ B4 can be used to adjust the
[0OTRIW ratssotihe horsremisidDent, f00TeFof Meaakisoiheampleatotd the

fluid floyw geBHeNRral 4. Fan-Rgiasta Masteteoptiaitemoetatdiwd fawough control
Contro'l.ﬂn%g% %91 B@Sf@'ﬁ%@&%&@”%&%ﬁs&%' @{H@pén‘%&!g rﬂiléwjtsf I%\Aﬁd fluict flow

control receives a target mixed chemical flow rate (On), a targe

mixed ERBWME 131623 W&@t%ﬁ%@‘@ﬁéﬁ?ﬂ@éﬁ PR iRlE }E)ﬂ%ﬁag gpitrol using
Based ba thbitagfebenived dhemxeaicffoicraiewing o #he temperatixegf the
chemicaluyatinceaitdfigidsoatroller 104 can determine the target flow rate

oo PEPW DM And flow.raieiof sencenttaied Nat(Githgsiydnitially, aaﬁ;&%;a and

set equal to tie, Using Om tT2, and the Inp ut empera sof the
cold D1, L5 AT HARRESHIRGN SRR o R PSR A B L e
cold DIgvaiover esCe) BAD: fempefaiiressespofiftdsprid fiust iidHepier 104 can
controlles: HEnéspigasqalsadnitially be set equal to tie. Cold fluid flow
controller 104 gr@wde,s(its%g tg hot fluid flow controllee&Q2 #nd Qcriem to
hemlc Irovy control er SJEQ ch ro Qontroller c? dh n_control thg flo .
1008¢its re E&Lé t’ﬁ/(ﬁfszuﬁr ]i\% ﬁfos%r?éw ERBodmERt controlrar 104

can uséefRes@HperAlte GIHnd &wwﬁ&w&eﬁ@méﬁﬁﬁ@ﬂdmﬂn increase
rates ofhpizasthpatehd\Wr Bidho ugitri(mmd%rﬁﬂm&ingta‘nﬁeamﬂaegén further determine a

immediﬁé@“&%%?‘ﬁ%ﬂ@t&or&ﬂﬂ% @&}p@ ?@tsa%%kg &H‘ﬂxﬁ% M 0&@[‘:“ iated in
104 can wg precelngd perog ol e before DegnIng SONUOLUENGos can

tm2. Th can e Bone or éxam ‘1e IIow f'hécﬁ)ow and emperature o
the dilutestireien Rs<SEtiag to QC and hot fluid flow controlier '%32’ can regufaie fiow

according to tsp 2nd L.

[0075) FIGURES 8A-8C are flow charts iilustrating one embodiment of a method for
contrelling flow of fluids to create a mixed fivid. The method of FIGURES §A-6C
can be impiemented as computer instructions that are executabie by & processor
stored on a computer readabie medium. For example, embodiments of the



[0073)Cold fluid flow controller 104, according to one embodiment, can
adjust Oe and tsp based on the measured temperature of the mixed

“@%&fy e2) For example, given te2 from temperature sgRsof oy Rl

low controller 104 can set the fpew isp equal to: iISP(n)
=rE(tT241/442)[EON. 2] [0074]Thus, if tm2 is greater than tT2, the tSp is
lowered, leading to a decrease in the temperature of DIW, and if tin is less
than tT2, tsp is raised, leading to an increase in the temperature of DIW.
Cold fluid flow controller 104 can further determine a new target flow rate

for thepesldriMetiten adneve Qo)iasingdt entspgalmulatedrinnb O\basfor traok
EON I Aefsscsibash 32evaa gl flow controller 104 can regulate

flow a De and d flow controller, 102 can r ul flo
ol e B Al 1 L R Bt o

one efBBtalRER-6f ﬁqwaﬁfeiﬂaf@f é@ﬁt?éfﬁ%‘rjirﬁmf e %@%mm to the

mixeddiuigcl Thethne thgieaidried R Bt 648G cimvwhestmplenienie das controlier

compuigs B’éﬂéﬁé@é‘%}t%&@ﬁ%wH@@!ﬁr@%&ﬁ@?@%@&éﬁ%%@ﬂ%&z
computer read&% dium. For exam ! bodiments of the WO

2007/{BB'EEHS 85%‘&%?0 é’ presgé ‘invention can be
EGD?"&]p|erﬁém@ﬁc&ﬁwﬁaaﬁw@gwﬁmﬁmn@%ﬁwﬁ@wu@WW@a mix
flow cesmiito lieesaf007 Bl k46 LH2mIGA tow espqlEs)ithth ectdNticltamathcdure (ic), the

imp'erﬂsmamé el flonsgatralleiy(ermilmeontiolt @Fe](%)?&tep 802).

FIGURhF FIG § 66 C ﬁ)rres onds to the co t[jg)l method im ;\..apﬂow ate

at he NBTRRF I C TRETET T C el T3 o HORE BT &

FIGUREstI¢spd SpshirmGeRsdshaan ﬁ%ﬁﬁﬁ&ﬂ%ﬁa&#@ﬁ@‘ﬂt%ﬁi&ﬂﬂ and

flow candgroder:3d0o{0@/hdencotddichefioa: contratehiecBives (rpuidiaCl in the

includipg:taraet nixadreneMiGabBbs). Fiow controlier 102 can initially act as if the
fiow of NaCl will have little effect on the temperaturs of tr.. Therefore, the cold
fisict fiow controlier can set tr=irp; and determine (e according o EQN 1, where
Q=0 and =iy {step 608). Additionally, the cold fluid fiow conirolier can set
isp=ir {2ls0 shown at 608}

[GO781 When a trigger signal is received {step 510}, the cold fluid flow controlier can
begin reqguiating fluid fiow using Q¢ as a flow rate set point, issue commands the
hot fluid flow controller to regulate flow of the hot fluid and issus commands 1o the
chemical flow controlier to controt fiow of the third fluid, The cold fluid fow
controller can for adiust the flow of cold fiuid according to fiuid flow control
schemes known in the art, inciudihg but not limited to differential control
schemes, integral controt schemes, proportional integral control schemes,
proportional integral diferential, or fuzzy logic control schemes. | the fiuid fiow of
cold waler is greater than the fiuid flow set point, cold fluid flow controlier can
decrease the flow rate (step 616}, if the fiuid flow of cold water is less than the
fiuid flow set point (step 618), the cold fluid flow controller can increase the flow
rate, and if the cold fluid flow rate equals the set point {within an acceptable
sysiem iolerance), the cold fluid flow controlier can maintain the flow rats (step
€20). Thus, the cold fiuid fiow controller can adjust the flow rate of cold fluid
based on the cold fluid flow rate set point Cic.

{0079 The cold fluid fiow controller can also receive the temperature of the mixed
chemical from a temperaiure. sensar downstream of the second mixer {(.9., can
receive tu from temperature sensor 504 of FIGURE 5) (step 622). Using &y, the
cold fiuid flow controiier can caiculate a new (¢ and e as, for exampls,



ratio, the target mixed chemical flow rate (On), the cold fluid temperature
(tc), the hot fluid temperature (tH), the target mixed chemical temperature
\&I’Qo g;e(%]%QZ) Using the target mixed chemical mix ratio ang-thedaraah sz
mixe emical flow rate Qn, the cald fluid flow controller can determine
the target DIW flow rate an and the flow rate of the concentrated chemical
or other fluid (Qc.hem) (e.g., NaCl in the example of FIGURE 5) (step
606). Flow controller 102 can initially act as if the flow of NaCl will have
lithe effect on the temperature of tn. Therefore, the cold fluid flow

co ntrqﬂe&&mam Edmimansh dete rMNERR GAseH dig (D hulki Nhetentrolier can
Ot=arian n&ﬁé@%&&% 6%@!1{@9@%\49%094%1‘ l&s@é ! ﬁ&@t@'l&hﬁe%t
set tsp tr o s own at 609 en a trigger sig na |s received

(step 615 tid ﬁ%%?ﬁr%ﬂl@?%&ﬁ‘%ﬂfﬁ%fg Eﬁaﬁ'ﬁ e continually

using @Ma@@ébﬁmrﬁt@mpomt issue commands the hot fluid flow
rooseentrolgrsieniegmlaie fiew obthehetftuid and ssuarainaRdi0 Hichow rate of

chomifs Rameaniiale o rentiallon.ot iiedbish e LR AUAID A8

contr Can UStt ef OWO (of0] luid according to fluid flow control
scheni&d Rﬂ‘Bv&Fﬁ'h theeAMPRTRIMIR Ji%%‘f’fﬁ‘ﬁlf%‘bdt‘d‘a&ﬁyeﬁ?ﬁ&f%ﬁfﬁ directly
schenfesmintlegrateiviecisssive widsoprisortishiithiograpooplies| stferéss, flow
proportsmalistagrakdiiese mialrariuganipgicreeatrpbsehamasy E2be fitig is

flow o H@gé%\%%{ IS, QrRAlEE fiRndhe M@él@yaa@aag £Qlddly 'ﬁ%t@%ﬁwd (step

controller can decrease the flow rate %isﬂ'{ P 616), t eflwd flow of ¢ @ of
water &8sd ialf 7 AT oo SelBOMA SRS © 'E:%r%aﬁﬁ‘fd‘% pw rate o

controffe bekfine istescSdfd ﬁBW'fme'Sa?ﬁPﬁ‘ MM‘W@HW%@ EYRIBN

the setqeighéedihinearvancemablesysiam telerancahd e aldefviddtawid (step
controligyy a@ﬂé‘ﬂ&%%‘%%ﬁ%&%&%@@&%@y%&@%‘eﬁ%g;ﬁmﬁef&wmm at

controller ca n adjust the flow rat of cold fluid based on the cold fluid flow
rate sel 5&?&%’3 AE78TFHEES RTEIRESMer can also receive the

[00§&perkharehemipe ﬂwe@@ﬁ@iﬁmalffr@mﬂaﬂeﬁm@mﬁé@erﬁéﬁw additional fiuid
downsteegin:ohdberseno ng DN xaiste. g CaRJetaive flin? fsonatemperateneated

Sensoréa%egﬁ&aﬁé@ 5t r%’é‘u@%é‘@c t,.b%ﬁ@n'\q:u%!'ﬁoﬂ?%ntm; jer can
controller can C ate a n %%&?ﬁ% ;}C"t%ea ?ubé’ hexaq‘t‘%\e con cem 't]ed chemical is
e

2007/16?&@%%’ 6 ScCrl In conjunc HGR Wi
FIGURESS w@m;see|m1mieél%ﬂew @ﬁifﬁ%?f perfBIFEaRs e flow rate,
618-628ndsinigethennenr@Edarie pass fher new ¢rapto ttreskobHinid fokn an

controller. AeaQLingde, ane-gRROdKRRRLICANM IR aNIEEANHBMAIY the fiow
updated iasétmz %]% S. [th\eljo As sh wn in FA?H&%GB the sp&t ﬂH'%fJ&e of
controlfar an a t ow rate Oﬁﬁ tcﬁw ased on %

temper’é&ﬂ?@rﬁﬁ‘?@ Wﬁ&iﬁﬂ?ﬁﬁﬁ%ﬁ%‘%ﬁ%%ﬁid@e?ﬁ&ﬁﬁ‘Tfs%‘eﬁl' he
[O0geinperatigigoohiigetmixberfigal Tan beniedeivethetbeve revtpsuoemant of

tempera&u@ja@ﬁ% fleftapetheneaitauigdionsopntroter tfddlonatenfigine fiow
controller 104 rece %E%%Q&?i# s%%%t%%ﬁ%]%% N JSBASIGREaBorlls mixer. 1t

tm, is greatert an ts ow controller decreases the flow rate
of fluid %&eﬁﬁ%ﬂfﬁm@@a eéénﬁaﬁ%m?e%mﬁﬁﬂ!ﬁ&e EORfgHERted, the flow
increasesthuiidtown deswkttetm o w6 26 erme iiiet ihequeditGiep 642). |

|.SP (withiraereplable-aysientittierance Rethedotheidifovscontioles, the flow
mal nta'@&&%iéloﬂr[ ﬂ%@r&éé@%@%@@éﬁﬂaﬁ%@ of {8 %JM@J‘@&V SR dded to

can receive the new temperature set pomt ats 9 and perform steps
oS e e PR YO CaPETEr et GIn D

[00&8]just thesffow chate atOIGOIREREG-GCTeriesea IR et emad et of the
(Othem. diesAuid daiurof thnveoacaniraiad shamieattteiupther dididiss of FIGURES
greater dHhe | BS%P%Q@E'&Q'J&%\He@éli@&{ea%g%ﬁé%%rﬂ% [Berent

(step 630), if the fluid flow of the concentrate | is less the
(stop 6353CTie AT N 16,0 EER BRI PR IO TalE” S

the coneereraied igrrafsiell fdiirate SltARERSARDJiR tridEigh fow controtier is
acceptable system tolerance), the chemical flow controller can maintain

the flow rate (step 634). Thus, the chemical flow controller can adjust the

flow rate of concentrated chemical based on the cold fluid flow rate set

point Ochern.



[0082]Additionally, the chemical flow controller can receive a
measurement of conductivity of the mixed chemical (step 640). Using the
WQ?Q(QJ (ﬁﬂ\é{ It the flow controller can adjust the concentrationof.chemical.-.-~
added at the second mixer. If the cggductivity indicates that the mixed
chemical is too concentrated, the flow controller can decrease the
concentration of concentrated chemical (step 642). If the conductivity
sensor indicates that the mixed chemical is too dilute, the flow controller
can increase the concentration of the concentrated chemical added to the

DIW. Qifiemdsm: thecanncanation eapdesmmnehangedySirp@®48) points to the hot
[00831;5@@,1‘@0\%%?,@{ Lsugf En’u@%’r@ﬁw@%o@%@ﬁ@ﬁ&” e%é%?‘@!%@ﬁas BA-BC

embodiment of resent invention. However, it should be unders

that thePERPSBPRYET BERRGE W05 'RY repiklisEaL Hdlges éSr‘H%f?&ﬁ of the
and cawbesirrforhretfiwaliffdienconielisriiome drcietbreestaysh that the hot water
implementeshatrachdensarpislascan dadqerdasaatosipanallele\Muevdtr flow

FIGURES 806G ihe:Goldl wates ipw coRNQURnS WY Qoin:

2007/103184PCT/1182007/005377 18 responsible for calculating various
{90865ram%?e??%ﬁ&%@%?ﬁﬁg‘%%ﬁ%%ﬂ%‘“ﬁﬁé"h%‘f ‘Wﬁt&?ﬁ&ﬁi‘&’é’hi?Sl?é%ﬁ%ﬂmds o

chemiéag fliveGo Hieoléiethe ste pyef FEBRE S 8A-8 L2 bayhise earamiigeally be

distribgtes:tathesflonvnorEs|ersy Agditias allygtherales ebtbesheiumaier one

and ool kalerdIW coniplis S Y988 d Rl ég%%%%t ¥lihing to

flow caontroller controls flow based on a flow rate set and the co

water fl 6%5%%%@?885‘%% HERPRETB S E‘Sﬁ?p% BSEPRSIA 2 niet
[0084]AssHiBelysE¥ B resfiet @eRBmS ol ot Rﬁ%eararrwﬂﬁmpws two
flow ofidlutdsit@tirosmine isicte miarssteige e E0amddmb@d $2pply lines

which gap iQQH@F@HM&Qr@%‘%&W)&%ﬁr&[@J REPlAnffiePIQ¥IdR)E can receive hot

diagra icr tions of ne e imen a static mixer

e e R ot SR e RS TR PACUB R Ry fom
assemﬁﬂﬂf@wlﬂem &@@@'iﬁ?x%d%ﬁﬁfm?‘% threyasselrbitis §4-dpigt

an outkedsassemiiy £06 nale trassembie AhiNTiudes! tWe lletsynade ta BB:t suppiy

and inlgto£105;Hese INieks £an.R8i¢9eRlad40oluidiruppby llRegdhal erlonnect to

from ugstre%n%ﬂow controllers. For example, inlet 708 can receive hot
DIW from o flow controller 102 and inlet 710 can receive cold 01W

[008%6m cEIFBIW figve corfiffciidsayiPine eanre sholiR Arkityeiratey A& flow path
inlet assEmiinéf4hagsmaleshneadied geetions ik asskmby {0éonneidtto

inlet 5%@5&?3’0@“‘1‘@[4%%3%@@5@@9@@% bas male toreaded assembiy 704

section, 716 1o connect 1o a 085IFIGURE 7 artial
cuany e i PGS e ATt i R By 700 con

througWW@%@E%’W%HWN%?E%@Q%BW‘?W?&'BW&%%%‘HW“ a maie
706. Thusgflatisceite il inlet 08 mrdiksiehdldngf Thktveusk sl pd0zspRitding

a commmgﬂg&,@ﬁ&ﬁ further illustrates that inlet assembly 704
(008 n inclyd ‘?uﬂ%%??gggr%%g? A éﬂ% Quet ﬁﬁ%’ﬁé@@é%g%%ﬂ As shown

Iude a ma e threa ortion 72 to cou

to0 mixer housin
which FB s Son TG SR AIE At B OO LS BT GE g the present
illustrategeatiothioripeeta twandighor 38iimt astearohs 0. Fmsashémm&n
FIGUREmH)dRi¥a sisaemhly 700maesaiding 20 enecembadimenteling 702 at the

present,ipue OHRN.ING é%%@rﬂ@é%%g ISl 2 ANAtACIS A5 ARIAUG TUXEhH Range

the embodiment of FIG mixer disk 722 is located in mixer

housing PR U AOSEESP NG JUBIRII S BUTRIRIRY BRSR7SY &G Seating
includefarssalitg Hangeoin4anekTesis IEIITRNRR @ eRtdaendgepve
housingtasserablynéQa: HepingBangeiakaworkinginrconeeasingenz.
annulal, KR %, ARG, SEOOEALING, SARGNIH PRy OBBISERlINLpLam sice
mixer dISk 722 in mixer housin i |t|o?al‘\e/ mlxer glslé Zf{% also ald ir
include'3H %cﬁu‘fg? ﬁ%“ﬁ%o ﬁl?sel?ps ream Side that rece I s
the outRFEBRISBETHRREAEEEMBRF 7G4 This also alds in proper seatlng of

mixer disk 722.



WO 2007/103184PCT/US2007/005377 19 [0087]By way of example, but
not limitation, inlet assembly 704 and outlet assembly 706 are configured
“t@ £RPNERLL0 3/8 inch O.D. tubing with a .25 inch bore and flow.path, 74377
has a .21 inch diameter. Moreover, tfie various components of mixer
assembly 700, according to one embodiment, can be machined or molded
from Teflon or modified Teflon. [0088]FIGURE 7D is a diagrammatic
representation of one embodiment of mixer disk 722 showing one
embodiment of the upstream side. Mixer disk 722, according to one
[oogembodimesat of dxerppesent mmdnticniomchidiessaamibite Beetio UARE assembly
def'neﬁa%ya?@ae%t@u%éwfmm&%@@@m areumta%tﬁm ANIPRIAMRFe and
surfacg 730 ;?% pner cgguméerence 73 Add|t|01 outer section 7?3
can incff8%R anntiri g P eVeSeREg| cusse RSV RS ©

flange'Briahassatehsidls Giapediag de pmm e iragatir e Atrga 0y fi molded
the enikodmaeat of F&sBETZpan inner flange 732 projects inwardly from

[ooskiner sase=A29 a&"&@%@rﬁ?ﬂ%ﬂ@?@&&gﬁ%z 3P éh@%%@ﬁﬁ B¥\mixer disk

passage, L Rdally opposed e a8s (e 26 a0 YIS ccoring o
project inwar war S eac (0] e prererre

embod?ﬁ?eﬁf‘t?ﬂ%”@"téﬁ %etﬁsan?:ye%ﬂﬂet t%ﬁi‘éﬁ%ﬁt* RS Bestiea ‘gasiefined
between #hemito tesuediecenterafitheiflomfzassagerdnobstrectadiace 730 at an

MiXin%ﬁﬁ@r@@t@ﬁﬁr@ﬂé@%‘ﬁbﬂ&ﬁsgﬁﬁtbWﬁ&%@ﬁ&e@ﬁ& SUHa&Sde an annular

extendt mate nor | to inn er fIa rface 7%13 an cllne
recel ISCUSSe ab v %n & O s:deo et
upstrea sur aces suc att e mixing tabs are thinner neart e center o

the floRPPEEEAHEY4rE AfESERMIMate to inner flange 732. According to
[0088he erhbibeieTehtihevipstraahistifaces oimiXkigptab32/36iertd iNg@rahe from
inc:ingd\@ee;m tely mﬁ%ﬂ %@etefeagl @9&@%@3’ sl Zsaareerafmmeélssage.
Include.an ali ent notch 740 to ali I, mixer as
housw?&%f e%stenotciftm?g %% mate With ak'z%ggzrru(é'%heo dQHQC%?nwg%ly

protruéRﬂ’Pfﬁ?ﬁ%’r‘ S DRFNEES G P8P ENEH W@PW%MB%*&@J 36 and
a partigGRcomnehtation . thbheyampiengee bdisled? heartd Baty fredcsatlr of the

that migRgdahsger etesaddn. patieglatirestion. H008d IRIGUREak rdsea
diagraqgmatic reargéﬁot%gettgm LA AR OM AL BSHREIRE e oce 735

way of example but n |m|tat|on he oute ameter of outer section 728

can be?8%’ ﬂ%ﬁ%@ UpSHME RINGCERFHERSFSS 1 anEee SRR NaRRaRsy the
of innesdhinge’ M82fcwnriirthoe Bad védenpirednEigdh binsilrrpeaabdzy I cording o

and 738eash@x@ndivindlysodfrantdenc oflanges i3Bawitlh argamefaRl8cined
mches%%%;%t fﬁé&%%eégain by way of example, annular

can have an outér diameter of .45 inches and a thlcrness

1008854 st FEhian o8 AL PP AIAPEIRIORS e GIOEA sy = 2
of exartipkben@reOlphitBeisTN VO 08BN DsTBame TS 3a ORE0S S 27

corresponding protrusion in mixer assembly housing 702 {o align mixer disk 72
{o nave a particular orientation. For example, mixer disk 722 can be aligned such
that mixing iabs are oriented in pariiculer direction.

[0G91] FIGURE 7E is a diagrammatic representation of mixer disk 722 from an upstream
view. By way of example, but not limitation, the outer diameter of outer section
728 can be .55 inches, and the inner diameter .21 inches. The inner diameter of
inner flange 732 can further be 166 inches. Each of mixing tabs 736 and 738
can extend inwardily .074 from inner flange 732 with & gap of .018 inches
hefween the mixing tabs. Again, by way of exampie, annuiar groove 726 can
have an outer diameter of .45 inches and a thickness of .028 inches. i should ba
noted that these dimensions are provided by way of exampile and not limifation



20 and larger or smaller mixing disks can be used. Additionally, the

various radii or other example dimensions can be differently proportioned
wEBlive 9 gach other. [0092]FIGURE 7F is a section view ofe0R c,n47/005377

embodiment mixer disk 722 along line AA of FIGURE 7E. In addition to

the features discussed in conjunction with FIGURE 7D, FIGURE 7F

illustrates seating flange 724. In this embodiment, sealing flange 724 is an

annular ring projecting from the downstream side of mixer disk 722. It can

also be noted from FIGURE 7F that tabs 736 and 738 can be wedge

shapegrwitirghearpstediamrixinicsicf eachdalramghiddildndibgriéesanmasdadii or

as it appraashesibeisamane! pixesdisi &2y DhsdrwRsl ks idosan other.
thegother band, remains, perpenpdicuiario, %Jh‘%‘%&%?é Q%Eha%?gbﬁnemw

roosZ] IR §
n have other shapes and there can be more than two tabs, or a sin

tab. AGRIGRERFHE BRLS B A M RAGSHERH 17 FIGURESD T IGURE
providég. iy o T Edusipies eaatotlfaitat o124 00 OBIF KtREBBA-8@ing flange

providediagsaamadis reRrersstatgneef nBaibeharehadimeat afimikgrzes. &
assembly. b a%%f% ring o FIGURE 82, fﬁ%&!&z'%ég g%%%ﬁm ’%5%%%% EEU&Qae&eashaped

mixer nousing 2 three inlet assemblies 8 8 an outlet

assemBif 10 VRS BIIWERRR G SESB5IiRRHR (HRRIESER W S dected

by a sappipditietdmupplieadimded sinly TRE. eXamplevositherntixifiersystelie other
of FIGKHRE, @mﬁ@@m@m@%m@@ta@ aadpielhnoigbbhish itBoe other

mixed S (e ho BRELOTND 6o HRIGS (80 ARl OB oy, ne

FIGUR t assemblies 806 8'include inlets throu

which BSR4 GG L ABNRE S 4T Hé%%i&%%d b5 EFRTRAPHANGY B oxampie,

controfet (@idgirnéaiépnical flow controller 310 of FIGRUE 3). In the example
oosshhownFRt@LERE 84, pnietrssamblieaB04=80GaHE:808 v melembodiment

threadsgéﬁﬂ%%@lﬁéﬂ%ﬁ&% rﬁ%@ﬁﬁ%@y JaRANRECLI IS, soo

supply lines. Similarly, outlet a embly 810 has male threade(%sec
18 to BEHIEEAG AT SIS TED %ﬁfﬁ@ﬂﬁ%ﬁig@a BaPe FAp i ovoe!
mixer &ssemipty 860 &ﬁgmm@mt@@f@ﬁwaaﬁﬁx 820 iselidedthriRigiemp@ed by a
housing.g0R lremdriaiassanably 84daeullei-assambly StthdditenallFIGURE

IS T i S S S STl v
fluids e%ermﬁqrﬁ%?%%ie{ﬁ%ly Wﬁéi\g@ I%@%g égﬁ et ézsaé:'ﬁﬁﬁ&?‘es 806
808 exins EInGHGLNets MGW@WHM@?m%iW be provided by @
assembhe Bk caswinctidtienale threatedipanicn G2disntaDasSIGRIYESEE in the

can 'récéugﬁz&t@ﬁ\gwr;ﬁ#‘%@zﬂﬁiﬁ'@ﬁ GRke llggeséi%&@eﬂ@é%?%lwmﬂ@aé%m
rea oraon a e I“EP an. inciude a
threadgiargp@)oér?8 %’% o[égcﬁjlglegto ﬁ&ﬁ%(er f)% V@&é 0%0%%%"5 ?0 niet supply Iines.

Corresﬁimﬁf& f@mg[{@ﬁgp@%ég%%ﬁgalwweaded section 818 to connect 1o an
2007/1203%84PCT/US2007/005377 21 [0095]FIGURE 8C illustrates a

[00GE0SS SeRYORE! Miew HhaRS! @m@mgmml@%ﬂa@s%@w%ﬁﬁ@mmw path
in FIGUBE 86, Iixer g%ﬁ%gly é%%gggé%% RR;Q{‘&%%?%S’KHE”& Ql.fias e

present |nvent|on |nc €S a mlxer at acts as a static mixer,

the emBBtRMEN I FIEsRenalY; RIRERGdeassiatsedbad firthpatys 842 and 824
housingr8ORhinie TsdeitsieietoRinkd 856erabhpSD4hMiver sk 882 Saw path 82C.

include-mseating e g Ficthalcantsi 8@ CONRSRBAING SIS FiRY Afsembiy
housing aseembly,B0e, DS RINY é!w@%fm@ DR.L0.GR0GRE WiLh éQgemhsy 804

annular ring as a tongue and groove Itt can ensure progper seatin

mixer df&R SRR MAE WEASRLPSEE tlgﬂ%tllfﬁﬁﬁ{@?f? & EiAnCe Pimale
include threagedikuriimgE88onisterscanpbstifidrmiedsn mrlcoinkadgdeotion 826 and
inlet asgatebbs864biliEsRian mEcads proprs Besding plorixeslisls 83dpie to mixer

[0096]RIGIRE &6 alarilkstrales thahiny RASSRIRS 8% 8R4

intersect with Tlow



passage 820 downstream of mixer disk 832. Consequently, in a mixing
system such as that depicted in FIGURE 3, the concentrated chemical is
whtgduced, downstream of mixing disk 822. [0097]By way of.examapigy k7

not limitation, inlet assembly 804, inlet assembly 806, inlet assembly 808

and outlet assembly 810 are configured to connect to 3/8 inch O.D. tubing

with a .25 inch bore. By way of example, but not limitation, flow path 218

has a .21.inch diameter. The various components of mixer assembly 800,

according to one embodiment, can be machined or molded from Teflon or
[coesnodificis DefioaC Mberathskel23sc andiesimilavarf islenticalddimaxeoidisker

722 ogggma D&%WM%@@&&%@&M@AQ&%@@:}J%&@@Q to one

allgnmerg r(nio 52% thratstehn Itabs‘ 91‘ mixing disk 82}(2 are g ggggh OVel e o

flow passage nd- ffow ass“a'e e gﬁ fd e%crl e v
embo8iatEitesf tHe ﬁﬁﬁé@@ﬁpmﬂ‘i@ﬁﬁ BhFoah %@ﬁeﬁ"a"fﬁﬁla ?ﬁl%ﬁ?@‘%&%‘:@ﬁ?
that utitizes wmmwtmﬂmss@m@f ihiztt @Y mbytrdier R deld832 can

01W Gratrgler sk @@B‘&QHQP%&QWQU.%%%B%&%%%HH&FQ:N B@Héusmg

embodimen Io con Iers an act as ama contro
that commu%ﬁ%a%tgess se a t%\éﬂ??he o‘ther'%ﬂo%g ro gﬁs%éhg it a n” ar nng asa

maste@ﬂ@ﬂ?&ﬂ%%?@f"%%‘f’%Péﬁl?%ﬁ%ﬁf@?ﬁfm&ﬁfmﬁb@%&g’z in mmixer
pointstp@e BY]| Bleny ekisiing fowisaniia A2 rece ivehstt poimsdisraingl6§6 that

voltaggslente pladngi Gl JBisuEralisest theuse ohayiple #ARIAR0 aids in
sources to ﬁProwge set rgomtgitg %% erent flow controllers. However, a

p] IP Xar gis
particular Tow con Slier may only have one or a limited number of analog

[009Bbrts g@%ﬂ@%%mm@sﬁna Béwaasmeﬁcﬁﬁ?cﬁﬁﬁréﬁé@fﬁﬁﬁﬁ%@ﬁﬁaﬂw
particylassags &2Uicowosntiotiar ciireassr 888t Dontsdombigdimee ntixiof thestem

present ipventon HRaise:n elminate; the.defitieneifsy Wienical is introduced
2007/%03184PCT/HJ82007/0q<5§é727 22 associated with having a limited

number W’ana?o Ponby Provi ing for multiplexing of analog set points

1908¢h a p%th&ﬁYa?fmF@@%oWﬁﬂ%ﬂfHﬁ%ff@hmie‘[@%@ﬂ% B Yqsgpsembly BOS,
diagrammatisaepre §Shtatio nwfo nesembgdintfeatcofaBystedriddihfect to 3/8 inch
mU'“D@?ﬂﬁ%B&@Q@tﬁ@ PSRk, Sretes) 930 BclidanrN ANNOYiSIBNRIN, flow path
source,902.¢on n%gsénn»‘ﬂ'k% erglave devices 904a : 9041, via.an anglogs,
communica ons ink 9 one or more parerﬂe? deglta communications

links 9REFAHSIY smarsa%w%%miﬂsﬁmmﬁ@ﬁ N gEoRPT
OptiCherdift20efprodéisetipk BMBkralisdrairmékBiltadiatidel Ao(mive sk g2 of

Entegrisdiguper ation-of GhagkasiMinnesatad Sigaiary. dedegsf04iinment
904d mc lf ugﬁ t@&t&g?ggs 0}%QQJ&MS&%@Q%@B&&E%Q;eyvi%r\g%agggge 832

flow Contro er, acting as analog signal source 902 can act as a master
deviceAS B PRSTEB5llers. It should be noted, however, that analog

[00gSignal Ae WO e e anpaivicdcaibsl eebassieninguncanaloyideta fuid

point angkiee\dgasAQda uRiR4d canbemny deieesrcapablarceiinglier 102,

analo%ﬁ%t Bﬂj\p%ﬂtmﬂer 104 and chemical fliow controlier 310). According to various
embodiments, one of the flow controllers can act as a masier controlier that
communicates set points to the other flow controflers. Thus, the master flow
conirolier is preferably capable of asserting muitipie set points.

[0088]  Many existing flow controllers receive set points as analog voiiages!éurrent.
Typically, this requires the use of mulliple analog sources fo provide set points o
different flow conirollers. However, & particular fiow controller may oniy have one
or a limited number of analog ports available. This limiis the number of slave fiow
controliers to which a particutar master flow controller can assert set points.

Embodiments of the present invention reduce or eliminaie the deficiencies



[0101]Analog signal source 902 outputs an analog signal including set
points for multiple slave devices on analog communications link 906.

whigiahemmunications links 908a-908d can carry set point jdigatahnas377
signals to each of slave devices 904a - 904d. It should be noted that the

digital communications links can be separate busses or the same bus

arbitrated to send a digital signal to a particular slave device 904. A set

point indicator signal for a particular slave device indicates that the analog

signal is indicating the set point for that slave device. When a particular

slave destc@RO4vitThamsganiimichtionttbattresnaloorisignarisigpeciéying

the Se&miﬁﬂeﬁaﬁél?ﬁ%%ﬂé%eW&MW%mQM@S@M&&M@&%%lmx
[omﬁrfél ppoLﬁﬂﬁ g]% g%a%%%%?l %ﬁ)@%ﬁtﬂ t?(% 8Py ; '@ﬂkﬁgﬁ%é}%@é é@s&em 900

cat set points Tor particu ces are peing asserted on an

analogj‘cﬁ"rf@‘%ﬂRﬁWé”ﬁ\ arpine éﬁh%’d"%‘bt %Fﬁ?t%%éﬂﬁﬁﬁﬁ%ﬂ“ﬁ%%%@ome
analopbrs@ecied 02 nEi@ sRiFIaviccariildg s@0gdivesigraal=ion set

point iegiﬁmwaa&.a@tﬂ@m@t@%@ FRAING SN JhRAMNAMAIBIons links
devicey fHoweye Sald Ot*\esreemb%ﬁnceawg ogtﬁgwpgsawé@v%mg Q%eomxcmm
analog set gom ﬁaﬁanoijset p0|nt n S can f%enerate at

|cator si
distribGtetPRevRSeh Ty MpistRiE §fift %%Q‘@ﬁﬁ%ﬁl &I an
analogseppelitrsiy rﬁl%@%seesﬁd)bﬁm@ﬂgy Sigrict s 80fce-FoRdrapaiso be
point i@ﬁ@%ﬂ@@%@m fonstanesdariss80darasSehRaipl BEIGRIRN, acting as

signal 1004 %gigvs% UG 2040 agz 3@%@%‘5‘&&@%8@&% AR IHerotiers. 1t

slave c?ewc ¢ and a set point indicator signal 1008 for slave device

904d. A%ﬁﬁ?d‘fﬁ%ﬁé‘@ﬁ%’&&n MRehenRReaRePITRYESE R LRy Leyce
point sigmabE0FReseringenaitiop siinsohebdtdréres i and 200dcwt be any
WO ZMQ%MT&}@Q@%@Q@@ =3 pdulkscale value, whereas the

o15fL POIREdicg ?&%”L@J;% %% %\BE&@%%!Q&"&&% lﬁ¥ﬂ%%ﬁ’ﬂ§%r

volts or 0 he vo ltage values or other values indicating a setpoint).
[0104]4iE'e S RESERFCDRRAE FOUFuHuBHCSs! ‘;‘)‘&%?ssa%'g'taé
multiplesedimisatinaio jrsiy A884-000¢ For tateyseodittrdisetpoiiengysosach of
of full saale; Jevitsespasiobdds thesalpoinhindlteotiulinoaleiarimeatons

period {3 é@&g@%@g&&é@ /gs%ful-' PealgrHLLoLimeRe TP ddds m@e& signal

point is 7 % of tull scale he analog set point values n}a?/
differer’® @ gaﬁﬂﬁgrfﬁlﬁfﬁe ggﬁgﬁgél a%ée% aint indicator signa a pamcular slave

device indicates that the analog signal is indicating the set point for that slave
device. When a particular siave device 904 receives an indication that the analog
signal is specifying the set point for that device, the particular slave devics 804
can read its set point from the analog signal. Using the set point indicator signals
fo indicate when set points for pariicular devices are being asseried on an analog
line allows muliiple analog set points to be mulliplexed on a single analog bus
906,

[0102] In FIGURE g, the analog set point signal and set point indicator signals are
fllustrated as coming from the same master davice. However, in other
embodimenis of the present invention, the analog set point signal and sei point
indicator signals can be generated at distributed devices.

[C103] FIGURE 10 iliustrates one embodiment of a an analog set point signal 1006
asserted by analog signat source 802, a set point indicator 1002 signal for slave
device G04a a set point indicator signal 1004 for slave device 804b, a set point
indicator signal 1006 for slave device 904¢ and a set point indicator signal 1008
for slave device 904d. According 1o the embodiment illusirated in FIGURE 10,
analog set point signal 1000 can have voltagesicurrent between 0% and 100% of



devices. For example, the analog set point may correspond to a pressure
at slave device 904a, but a pump motor speed at slave device 904b.
Wm§7ﬁ}a§1§palog set point signal can multiplex analog set p%‘%ﬁ]ﬁ%tﬁ/ﬂﬂﬁﬂ

variety of purposes. [0106]During atdeast part of time period t1, set point

indicator signal 1002 changes states from high to low (shown at 1010)

indicating that slave device 904a should use the 45% of full scale value as

its set point. Slave device 904a can continue to use this set point value

until the set point indicator signal indicates that it should read a new set

point f&don theianalog, seidpesttbigesl dOO0ndhus)-SJaveaidaviceitBbdaganr low

Contmeéegtoagé %ééé%mu& 56818 SELRRIPLEMER haYdh dhewalysials

the ana al is changlng [0107]Similarly, set point indicator signal

1004 |‘ﬁiaog ﬁw%? BRUE: device 904b should use the 62%. of full scale as
01015 setiﬁéthﬁ at TG 88 genTtandrearest SioE 2G0B ilearssnimgnalog

slave digvigiel 804.C Bhaite yeeidha130%0sef fulltcalsasdtsiseiqapinidshowperiod

at 1014) gpdsefpaint pshicaiansignal. 1008 ndicales ih#leslay e drvic8om of ful
904d should@; the 78% o% ull scale as its se an ékri[;own at 1016).

[0108]3‘:‘1@.5e ﬁﬁ?’h"g%? eH‘?nSE @‘Uﬁé’; ﬁrg vided by way of
[010BkamplBexitpiasyssuralievatitseayRIKERR  GaIES fu e \Fifleys siave
the anadeg.aigralriscanyiigribersebpemipianthaddavea ganthe ablizedre at
For exgmplg.{ne momlggmwwwebsae Q@Q@@&@@d&g ifsqm the
low to hl%r frorén § to | oW Of unﬁi 0 other st te C {Ztr‘%gegi wher 0? oses.
slave §&ViZ2 Thdiil b %nﬁ r%aadmﬁ Ps sx‘e?rf)ao?rﬁ ?For%ofﬁ analog se ot *
[0108hnal %Wéf‘éfﬁr‘@’@%%é’fé{jﬁﬂﬂ%ﬂw@ﬂhé%lﬁ?@ﬁ@@i@éf%‘fﬁaw‘s‘igﬁzréﬁﬂ'ﬁ@
its set s1aiet from i an deg setvpoint isighahdeditigtisdlys e setipeidtda should
indicalgr.can Bepentin hesANEARVIEESINLaINA SN OTAN 8. can confinue

22 ROl 20010 Seal B0 LR 0ull BRoer MANEL et
[0109] ceor ﬁg fo BAGthEr ent odlment 8ft resent fion . the se

point |ﬁﬂ%&@dﬁ@ﬁbﬁﬂ%ﬁ%é‘é@%@%d@rﬁﬁﬂmﬁﬁ@“cﬁalfﬁlﬁl‘m %R@Uﬂi@ﬁf*am
is a diagkern Bt cepreseintaiion ot onevibodiumensef sisysteravib@cigrh the

multlpl@%%@%%gﬁé@&g ©¥$i8RIE100 includes an analog signal
rce.1102 connected to.. WO 2007 84PCTT 7/005377 4
Eﬂ1g§f§J|tl e n} 3’ asew gg“ ET84’6 tor, 582 ]\1}%8 %ﬁnghcglg lg(?(§%I1r(721unlcatlons
1106 ah’ﬂ? §‘€|§ﬁ£ Bus sepe %Fﬁa?%‘@‘ﬂmh%bﬁw‘@&% $8ig(g indicator
devicesidrid48061it04dtat 11086 vd §08ckreSpestivealy. Bigital B 10F scale as

can inglyide; aBy-numier, of lines f&ﬁcﬁ@éﬂﬁ&ﬁt&iﬁﬂ%&%@ﬁ&ﬁ?d@ﬂiﬁ%&% that
1104a- 104&1&'{9% % %de l% 8]:‘,5 U?%g o%ﬁ.qf%lta!ebgss sgasse I})regt {shown at
S|gnaI|n ines. Ana alog signal source 1 2 can be 2 a flow controﬁer suc
as an Gptthem P1200 produced by Mykrolis, Inc. of Billerica, MA (now
[01QfArt of Bteigris! Gorporationidddh I3k Wi fevetalo Giied anhwalevicegmple and
1104a arl1Qdd manalembecOptifchany B8 WoN: Genrdlie! thdmotey signal is

words, c%?§ ﬂg‘%&%@%’g% BEHY @&%@%&r@ éégu’}%%“rﬁ& %@%&@”s%&%pamt

a master device to other flow controllers. It should be noted, however, that

analog"SYRAPSEERAL PO RARREART (B&idPRLNbIR W?ﬁs@@?ﬁﬁ&%@ iow or
analogussefasimibpiostiiviceantedwaenitostpyanigdcgiidedicesivapading its set
of recepdngestaloe seapgisie. J6ikl Sifanlog denaisetes 347 enipLIs: siave
an a”%.é@%d@&%ﬁh&&@@%m%%ﬁé%Q%V&é?ﬁa% aaleg

communlcatlons link 1106. Digital bus 1107 can carr oint indicator
Cignals RECECH I S EPhERR A T2 RGP A EOL RN ARUe B vriety of
signal fsaaneastingadiskve bdaviebssaleaiesamapthetgraripalgeaciser manner.
o10yficatingcthaisgtpaiuiier tatciaverdevice. frbssseirpeitidndicaten signaihdicator
for a p%ﬁ!&l’%ﬁ'%%’%ﬁ%@ SAO4.ARIL R ASSAILE] RRITHERe Q'gscﬁg?g!%mm .
1107. For examgﬂ:e thée déjomt indic t?r for Iavegﬁ? ce 11%;% 2 arat ot
bits asSEHETBIEHRE SLEBRF RGN d"3|gna5r 3 ines 0 us 09 s
011). \WRElEa BaFiRUIAR @%%'W(%‘fﬂ@ﬁ’%@ﬁ?ﬁ%ﬁﬁdl%‘éﬂGHW‘ﬂ@é‘f’
analog signal is specifying the set point for that device, the particular slave
device 1104 can read its set point from the analog signal. Implementing a
binary weighted system for each of the digital select line extends the

capabilities of the master without increasing the number of digital setpoint
indicator lines.

ave. device &shou!d
N



[01111In FIGURE 11, the analog set point signal and set point indicator
signals are illustrated as coming from the same master device. However,

wh 9ihel,smbodiments of the present invention, the analog sgt-pRigl.signak--

and set point indicator signals can e generated at distributed devices.
[0112]FIGURE 12 illustrates one embodiment of a an analog set point

signal 1200 asserted by analog signal source 1102, and digital signals for
providing setpoint indicators. According to the embodiment illustrated in
FIGURE 12, analog set point signal 1200 can have voltages/current
betweenitde ard<d 08%icef atltdbscalevalide, avharsias teensairp@inbns link 1106

mdlca%%gaz Eam@seﬂw AN w-(R8- gs%mge%%s/aéégglﬁa 04a —

or oth her valye |nt
ooTHONTER g%}%szb S5l ?'i e R SR R o e
12, fo@f BRAcy %W@@@%ﬁﬁﬁiﬁ?@%&%ﬁﬁé AtRitay $Risal 'ndbe eramPle of

time pERBdRENE saihpaibuisrdhYheicluly saiie; fogdinfepetaibti! baiket 1102 can
point 'ﬁeﬁé%ﬁfééﬂh%@té}esﬁk@Q%r@%ﬂ@ﬁéﬁiﬁﬁé BR&QL&%@‘B{%@J&J%S inc. of
scale; and for erlo e set |nt is 78% %fé ca 011 g

§ fﬁ%ln é\luw part of, %rﬁ{;ra 0N O H%r% §I smliariy

analo es may have anings e varlous

devicedeEspeidfiple, 1%@@@*5@@3@%‘@5@%&?89@@@&’ t@ﬁtiﬂ‘@ﬁuﬂé 0“‘3"
at slavecdiéyioadlfldid aphinbien wrihoeianapeesiat=tbvedevios 1404bt as

Thus, %@%ﬂb%ﬂ%&@%&%t%'“HJ%H&I@ES&%@&@Q@BI%@:%@ analog
variety %‘ '6%1 oses {8%15LDunn af least ft| %) eriod t| set oint

signal 1 ‘é{ﬁ%és <tafes from |g?1 (0] Io Towr & '1% Fin %set point

that s|&08 gevres 1104 -sAdufd Gae H‘F\ea%%e&"ﬁﬂl%@@/afd@%i@ §é‘?‘°9 set
point. Stante.device 1104a can continue to use this set point value until the

011961 pommg@é%egu@é&%@aﬁﬁbetahm%@ %Q@f%ﬁm:ﬁgta%@%ﬁ@%r '
the analol% siget omt Sig nal 12 naigh%%ﬁer@ve d evi cei%% 4?@6 %11 %%% %10?’ can
to use e 459% \feful?sca e se? eveanﬁ' mﬁe va ue of

signal @%ﬁ&ﬁbﬂ?@“t[ﬁﬁﬁfgrﬁﬂgﬁﬂ? Sigash Pé@@ﬁ%‘?@éﬁ%%st%%ﬂ’avé ‘H@\ﬁc@ set
1104typshoildicserthigrGR % raf filtsoiie sks-dsisetcpomiidsizewimat®2dRipg signai

signal é%@@é&ﬂiﬁ%@s@%oﬂﬂ&%%%#@é&@oﬂﬂ %%@&Qﬁt%&%ﬂ&ignas for 2

scale aSBE %et g‘obnt sh.,ow In tim sh%nﬁlslel%(g and . 2%% Cor
asserts bit L(s%rov;\?nea Tﬁ‘i% e i %a?lngsthalf Srave device T
should=faEdife tf@%%?ﬂiﬂ%‘é%ﬁ@ﬁ% i3 §@t’%cﬂﬁl" fel 1RGSR R Aifregted on
are usét:tessend dhe Sotpeipnahcicines td slavéidéiee. 100%d). Vhers atheecutar
set poighirdicates ines ReNesdiodndinrie sRIPENLIR ESIRNR:ARYERSng the
Using a b %X R Al e '?P Ofie npaar?é Ry %%&%@w? Sﬂ%ﬁo&%de%éa fts set point
ot er o IC

where n'i e num ator nes Wlt one signal state

reservér(?’fbm@ﬁ%si‘r?"\}ﬁlncpﬁ“‘Hl?@@fﬁ%?l?‘ﬁ@ﬁid”ﬁ%%ﬁyﬁ?‘a eRReh of the

digital select line extends the capabilities of the master without increasing the
number of digital sefpeint indicator lines.

foi11] In FIGURE 11, the analog set point signal and set point indicator signals are
lustraied as coming from the same master device, However, in other
embodiments of the present invention, the analog set poind signal and set point
indicator signais can be generated at distributed devices.

0112] FIGURE 12 illusiraies one embodimeni of a an analog set poirtt signal 1200
asseried by analog signai source 1102, and digital signals for providing setpoint
indicators. According fo the embodiment iflustrated in FIGURE 12, analog set
point signal 1200 can have voltages/current between 0% and 100% of a full scale
value, whereas ihe set point indicator signals are either high or low {e.g., cycling
between +/- 3.3volts or other voltage values or other values indicating a setpoint).



[0117]The signal timings provided in FIGURE 12 are provided by way of
exampie and any suitable scheme for indicating to a slave device when
wihe@Ralegksignal is carrying the set point for that device can.bg,utHizefloss77

For example, the set point indicatorsgignal can change states (e.g., from
low to high, from high to low or undergo other state change) when the
slave device should begin reading its set point from the analog set point
signal and change states again when the slave device should stop reading
its set point from the analog set point signal. Additionally, the set point

[01 tiBidicatorticarbkersenbtiFihbREVE, devicesiivpaswapatysodnm envtigriexed into analog
includiggas Pais OFa- e pleaM JLIDRULRE & BANTWERIRINES time period

[0118]EIGURE,13.i5 a chart illustrating one embogdiment of a me
for muTEIRE R AL SAP oG SRt AUieRs T8 - J0% oful

sectiorf§Hlsy BTl fabTRT BREPS Krdtfetit o Thé Meth8ttib a8 FIGURE 13
[011e@an beTimpleaanied polO208y 3 h8dPCiHIS2 0eHDH3 TH B&:ferrious slave
examplg, RY LXEGUERN I CAMPAHETIP SEUGIAR S Al R8BSR 5 /8¥RQEure at
other d?wceds.%m]ﬁ&cc rt%m to one mbodugjept an gnaloeg S al
siave device e DUt & DUMP molor speed al siave dewv 1.% . Thus, the
source generates an analog s%naf).represe%ﬁng mu _|p€fe set’poin S&istep
1302).@apﬁrﬁ%%&%ﬁﬁmﬂbl@‘a‘ﬁﬁ%%@t‘%ﬁﬂ%%‘é?ﬁﬂft?m@f@@*’iHftﬁ‘éf'p“%-
(01 d@alogsignakiTeeshpastef tlevicereahtmusicaies thed niaiog Signaddatiies from
slave WQW&%%%WEM W%%B%@Q%ﬁ%&é'@éﬁc@%@%%ﬁ&ﬂﬂﬂyse the
”ansm&%?(d%:ﬁg%hﬁ%aﬁé‘ %a@igmsé%r?% ’s%%%é% Stg{a%g" %ngﬁa'%‘ 3e0d.2 set boint
0'tha ic ep ; et

L inue {o use
indicator to Slave device (S or examp € master device

can usBig SRYRAINSAUGiIGRE BESE RPINbIEITRRIH TR etirRRT Hiahb Pould read
lines oa tiaer Baspitintridicatestaraipgrieutairs|ayed avice. thatisssatposnicis 1104a

being agsetizd R theangloddncer e iR GAREQUURUSUREIRe value of the
predefined event ccug‘sato.end the routine. [0120]The slave device can

receiveaﬂ?eogﬁgga §e pé‘lﬁgtngignal (step 1306). When the slave device
[01 8L eivedimigey poanEinthCatsrirriRaliivg HRyeRevirtaldgSeeiriit Yrgihpig2% of
asserting thatsiavie: deviggts &dopoint: (B202) asigletethlit ediak E308})! Hieve device
f:]ave_ d?f}éliﬁ‘é Q@éh%taé{@et% ‘%@%%Pi%h@c@%%%?%?&%ﬁw Qﬂ‘iﬁﬂ{? in time te,
esignalasi [ e .. This routin n contjnue unti
prede B S e o SR LR R s o e i tra

FIGURE=YS €ayitse! 1dfe sferrids nedmedioe atiifetro £rinsiene (.. muitipie

presentiigia ition dras:bee ivdesdribedaiithneferiente to gavticidaice 1104d). Thus,
embodimenisedhahWdRaHNASEHROG NI NRBIBAAINARSAtRIr siave devices.
llustraye andthat e scope ofhe inventon s ot Inied0:0es8. 1 where n s
embodimerits. Many variations, modifications, additions a

improvEifEHERE e eiPRiBUTAERS JiRssy MEE B8 FOER SRISSIBTE TS or the case
contemipledéchthatstipsevatiatranss modificatiovsyiaeditions and
[o1improvemesimRlivithindReissaneatibainventionasgiaiaieddp dhexampie and
foIIowin%}glg&l[pasme schems for indicating (o a stave device when the analog signal is
carrying the sei point for that device can be ulilized. For exampie, the set point
indicator signal can change states {e.q., from low to high, from high to low or
undergo other stale change) when the slave device should begin reading iis set
point from the anaiog sei point signal and change states again when the slave
device should stop reading #s set point from the analog set point signal.
Additionaliy, the set point indicator can be sent to the slave devices in a variety of
manners, inciuding as part of a data stream, an interrupt or in another manner.
01181 . FIGURE 13 is a flow chart iliustrating one embodiment of a2 method for -
multiplexing analog set points. The fiow chart is divided into two sections for the
master and siave device. The methodology of FIGURE 13 can be impiemented,



Replacement Page - 27 - WHAT IS CLAIMED IS: 1. A fluid mixing
system comprising: a first flow controller to control the flow of a first fluid; a

weearrdsfew controller to control the flow a second fluid,; pafHSLNbERIE: 7
in fluid communication with and downstream of the first flow controller and

second flow controller to mix the first and second fluid to produce a first
mixed fluid; a first temperature sensor downstream of the first mixer to
measure the temperature of the first mixed fluid; a second mixer

downstream of the first mixer; and a third flow controller to regulate

the flofwr siardnird HyiRKempnR P SrRmpifgritsdisinnc oetrasiet mawerr other
fluid taievrate a second mixed fluid; wherein the first flow controller Is

{031§?nflgHE:%QrH?n§ %ﬂ@%ﬁé&%&{ttgﬂ Qﬁ%‘ié&’@dﬁ%&%&égﬁéﬂé&%{@é%tél@(é(
rate; and e second flew controllerl ‘conf o rergo%ate the flo
of the ¥8EBHERIGRF BT AP B/ FRIAR %t%% §§ ﬁ i AIR0EF Y Ye TOp P

the firstalixesetl grints are Poitndeigid *m&m@r@%@eﬁgféﬁiﬁéﬁrﬁ@%@@ﬁlﬁwe

first fluigrisrledanizasswatesgtbry saaonmkiiiiskisaderdenizathwales saitbthe for e

third f'HQtJ&%PQQS@ Hg\ﬂg%q§ggﬂ&%nsmiﬁed via the analog signal, the master
davice can send a set point indicator to that slave device (step ‘%3&)4}. For
examplg, the master device can use a signal on & digital bus {e.g., by changing
the state of a line or lines on the bus) to indicate to a particular slave device that
its sat point is being asserted on the analog line. The routine can continue until 2
predefined event occurs to end the routine.

[0120] The siave device can receive the analog set point signal {stepr 1308). When the
siave device recelves a set point indicator indicating that the analog set point
signal is asserting that slave device's set point (e.g., a5 determined at 1308), the
slave device can save the value of the analog set point signal and store the
signal as its set point {step 1310). This routine can continue until a predefined
event ocours o end the routine. Additionally, the steps of FIGURE 13 can be
repeated as needed or desired.

[o121] While the present invention has been described with reference to particular
embodiments, it should be undersiond that the embodiments are illustrative and
that the scope of the invention is not limited to these embodiments. Many
variations, modifications, additions and improvements to the embodiments
dgescribed above are possibie, 1t is contemnplated that these vanations,
modifications, additions and improvements fall within the scope of the invention
as detziled in the following claims.



PCT/USQTOB TR AFdMking system of Claim 2, wherein the first fluid is cold

de-ionized water and the second fluid is hot de-ionized water. ﬁ pet
fcl 1, furth Patént lca ion
of Claim urther comprising a second tempera

1
sensor downstream of the seegRddmixaHsy@easure a temperature of the
second mixed fluid. 5. The fluid mixhg system of Claim 4, wherein the
frrst controller is configured to: receive the temperature of the second
! late a new first fluid target flow rate using the
temperature of the second mixed fluid; calculate a new temperature

setpoimz\uﬁi@&m@@gf@ebawﬁsmbthe second mixed fluid; and provide the
new gg&?ﬁra%rmemewnmr% Resandaaler. PCTIUS07/08377
Replﬁ@?%ggﬁ%&o Nf%’ ! w{%lﬁﬁhe Q. anégﬁ r% ﬁeﬂlrcatron ENTG1640-WO

a first mixer in ﬂurd communication with and downstreamn of the first flow controller
and second flow controller to mix the first and second fluld to produce a firsl mixed fluid;

a first lemperature sensor downstream of the first mixer to measure the temperature
of the first mixed fiid; , o

a second mixer downstream of fhe first mixer; and

a third flow controller to regulate the flow of a third fluld, whersin the third fluld iz

added to the first mixed fiuid o create a second mixed fluid; 7
wharein the first flow controfier is configured fo regulate the flow of the first fluid using

a first Nuid target flow rate; and
the second flow controller is configured to reguiate the flow of the seccnd fiuid based
oh a lemperaiuwe satpoint and temperature of the first mixed fiuid.

2. The flrid mixing systert of Claim 1 wherein the first fluid is de-ionized water, the
second fluid is de-lonized water and the third fiuid Is a concentrated chemical.

3. The fiuid mixing system of Claim 2, wherein the first fluid is cold de-ionized waler
and the second fluid is hot de-ionized water.

4. The fluid mixing system of Claim 1, further comprising a second lemperalure
sensor downstream of the second mixer to measurs a temperature of the second mixed

fiudd.
5. The fluid mixing system of Claim 4, whorein the first controlier s configured o
- receive the temperature of the second mixed fiuld;
calculate a new first fluid target flow rate using the temperature of the second mixed
fluid: ‘ '

calculate a new temperature setpolnt using the temperature of the second mixed
fiuid; and
provide the new temperature setpoint to the saecond controlier.

AMENDED SHEET - IPEA/US



PCT/ISO7/@3The gl rapgng system of Claim 4, wherein the first controller is
: configured to determine the third fluid target flow rate and first fluid target

 IPBRNEN RREEH MOsecond mixed fluid target flow rate and tafféni{iRplication
ST cond mixed ﬂu'gi VA ;[ gld mixing system of Claim 4,
placeind
further comprising a conductmty sengQr to measure the conductivity of the
second mixed fluid. 8. The fluid mixing system of Claim?, wherein the
third fléwTeeitidliexing syséralofdCignad)wbetbin befitd perimiter sravdotnadidiuid

heasdieniberonfUEHyIIaT e sropRdubivegsitie rats ba@ddluigariing
gﬁ ising.a Bes fvid fen:aenimlerig-aanimldhe flow of a hot

Uld flow controller to control the flow of a cold fluid; a first
static mlxer downstream of the first hot fluid flow controller and the cold

fluid fidw CErieinekios reeery &t FHam b Hile" FrosBRRN B BTG SERPHR
tineslaors dirckoaddcofiviglst theoyerate mbatiiiuifluid; a mixed fluid temperature
sensor to determine the temperature of the mixed fluid; a chemical flow

.Controge rﬂ‘l% ﬁ&i H@Mﬁ %JJ%\(‘M g@aﬁl{'?%&m tha ﬂl@qﬁmrﬁﬁa@ tm!ﬁ@r%bie to

downstream o ow, controller an rs tatlc m er
@%ﬁb@%ﬁ@?ﬁﬂ?@&%ﬁé@é r?gsgéem{l?éa 2N 1&)( e mixed FS: i e
the chemical to create a dilate chemical; and a chemical temperature
sensontaandasinagtestempaating of the dilute chemical; wherein the
cold flyj¢dlavuenniterescantmianthr flemcps thefeeid fluid based on a cold
fluid ta o tpoint to the hot fluid
flow cogr%gc})qler tig& ﬁ@m%mm? ﬁf@%;&l‘%gﬁ%e“ﬂow %"[e o Jge ot
fluid bR SRIRHEHE Apaiieha ¢ 1%8 f“?em erature ot ‘Ig

fligi conieglier fo mcam&@%@hﬁ%rﬂ@ﬁ%@ﬁﬁe}ﬂ&“@aﬁﬁm& EPPehﬂbeb?ctHé‘”‘ds fo
chensaahiaiedipn a target chemical flow rate. 10. The fluid mixing -
system, afGlAio Sirarieis daasoiditiithflo mernisolerdetermines mid;
target mixerl gl 0o i 1108 LBl P igakdov rate based on a

target & slég%nd static mixer g&%r&%[gag% the &%&%’H Q_.E' gonfro!!ar and the first static

mixer 1o receive the mixed fiuid, receive the chemical and mix the mixed fluld and the

chemical 1o crieéta a diluta rihemtca! and
& chemical temperature sensor {6 measure the temperalure of the dilute chemical;”

wherein the cold fiuid flow controfler:
controts the flow of the cold fluid based on a cold fluid target flow rate;
communicatas a tempsrature setpoint to the hot fluld flow controfler;
the hot fluid flow confroller requiates the flow rate of the hol fluid based on the
femperature setpoint and temperatﬂre of the mixed fluid; and
the chemlcal flow confroller controls the flow of the chemical based ona

target chemical flow rate,

10. “The fluid mixing system of Claim 8, wherein the cold fluid flow confrolier
determines a farget mixed fluid flow rate and the target chemical flow rate based on a target
diluted chemical flow rate and target mix ratio.

AMENDED SHEET - IPEA/US



-29- 11. The fluid mixing 'system of Claim 10, wherein the cold fluid
flow controller determines the cold fluid target flow rate based on a cold
fluid temperature, a hot fluid temperature, the mixed fluid target flow rate
and a target temperature. 12 The fluid mixing system of Claim 11,
- wherein the target temperature is the target temperature of the diluted
chemical. 13. The fluid mixing bystem of Claim 11, wherein the target
. temperature is the target temperaturéof the mixed fluid. 14. The fluid

miing. SYRLAMAGI U Mert it e GRUTHALION soRYBHALARISS

the temperature se?j%omt and cold qu argetflow rate based on the

defempesionet i SeRt BREmiea AR RS %‘ﬁj‘%@sﬂiﬂf B
teGlenie Mﬁm@ﬁnﬁ@m@mmﬂ@eﬂﬁlmmeam of the

second static mixer to measure the conductivity of the dilute chemical.

16. T id ? ste % f Q&§ %la ‘

comr%e?"é%ﬁ S f R RIS PR e e oo
teaparatip e indies sREEshductivity of the dilute chemical. 30-  17. A

method of multiplexing analog setpoints comprising: transmitting an

analqg sigaalie xﬁneﬂgeégem IREISHORYIGRSAR 2 BPALPRAOBRRANE RO Rrget

link c%rgled to each of the plurality of target devices, wherein the analog
L E M fkiBie setpoints, each of the multiple setpoints
intended for one of the plurality of target devices; transmitting a first

Setpqiﬂt nRinROMBERPEN S HOTRRMANAG: AL eazahmlﬁa%@aamner adjusts
mm“” t'O” " %@&%&&%?géﬁmst &1‘!&%‘?@% r&"é%@x‘e
n ogsignal a

GEVICe TS bel g répresented by e ana
d’\‘#@t"f?ﬁ?@“ﬂnd savmg a first setpoint value asserted by the analog
signal at the first target device in response to the first setpaint indicator.

18. The meihod AbélRiyslem bEan QO RIRRSBmprising a conductivity sensor

downstream of the second static mixer {o msasure the conductivity of the dilute chemical.

16. The fluid mixing system of Claim 15, wherein the chemical flow controfler - -~
adiusts i:ﬁe conoentraimn of the chem:ca! supplied fo the second static mxer based on the
c.mciuctmty of the dsiute chemical.



subsequently transmitting a second sgpooint indicator to a second target
device separate from the analog signal on the analog communication link
to indicate to the second target device that a second setpoint is being

repigsentad-hysthey BRI G LA SRECAS B W pristaying a

second setpoint value asserted by the analog signal at the second target
dereasmigiibasaanife sissdosapbirlibtridiget devisesin AaRBaIog

con%&}]n?&ﬁliéﬁWﬂ?‘%ﬁl@l@}?t@@a@ﬁ%@WSM@W%ﬁWrMSé%?%@Fem the

20. The method laim 19, wherein the second setpoint represents a

analegyeigneheatesentsTuitinersetnoiis: erom afihrimdirishpirgirgs intended
for dransRY Ién& ?g;ﬁgmgfg@pm%gn a digital signal bus. 22. The
wherei

method of C;LPalm 1, rein the setpoint indicator comprises one or more
bitgransniftinore fireitRstpeintinicatonsrprsiAlenEam dyasiging aiemal on the

ana&fgt IRtNiR3IR6 A D SHAIEE0Y heRRRe RALIEE 3% a ﬁrs%ﬂsﬁwnt for

od of Claim 17, wherein the setpoint indicator is transmitted to the

the first target deviee Urrig: mPERRRAGH PHRRROS R SR it time; and
asSerting L6 e LAk RS L 3s8eIS REBHUIBIEXIBAAMIAR first target

setpointS comprising: a master controller; a plurality of slave controllers

devissningepionse éortias st satrsist; indicaiPinalog communications link
connecting the plurality of slave controllers to the master controller; and
one or more digital communications links separate from the analog

corftéhunicHipmEiRebAhEdain e BItharPemaastigontrollers to the
MagH SR YRS AR AR S eBSIH OB IIRt ISREAHYUS d%8econd target

device separate from the analog signal on the analog communication fink to indicate
to the second target device that a second setpoint is being represented by the
analog signal at a second time; and

saving a second setpoint value asserted by the analog signal at the second

target device in response to the second setpoint indicator.

19.  The method of Claim 18, wherein the first setpoint represents

temperature sefpoint.

20.  The method of Claim 19, wherein the second setpoint represents a

target flow rate.

21.  The method of Claim 17, further comprising transmitting the sefpoint

indicator on a digital signal bus.

22.  The method of Claim 21, wherein the setpoint indicator comprises one

of rnore bits.

23.  The method of Claim 17, wherein the analog signal and setpoint

indicator are transmitted by the same controlier.



transmit an analog signal on the analQqg communications link representing
a plurality of analog setpoints, wherein the plurality of setpoints are time
multiplexed in the analog signal and each of the plurality of analog
setpoints is intended for one of the plurality of slave controllers;

transmit a first setpoint indicator on at least one of the digital

cordthunicHimaaiire ©f frlairst Sivbersiirine spircinsindiraivoisirangitted to
the HIAGAIRER YRiHESHBIANG 8‘%[?%{8'!?&!8@‘]@&?%%&%@%%%%@ 8% 85drting the

slave controller is being represented by the analog sign e first period
setpstifhy@liumd transmit a second setpoint indicator on at least one of

the digital communications links to a second slave controller in a second

period of time to indicate to the second slave controller that a second

anabg sefhsriirse fes sudtinlexingavsingoremsipts Rprapieiited by the

analqgsianalimikasecond period of time; wherein the analog signal
represents the first analog setpoint in the first period of time and the

secdRHEHHIOG! SaysivoRTAkese coRapRiRg e timeaster soniRlalystem
of Cleishag iR ReHE QIACRGILRAp U SR Hesee BbitRollers to

7. The system of Claim 25, wherein the first slave controller is a
the mgsiryceoligifieraft the first setpoint represents a temperature setpoint.

28 cHaePHRISI® GlbfAIEbAmUIEsEHE ArkeceBdaweran il aisiag

second flow controller and the second seté)omt represents a target flow
conatanicationplinthsyaestinerierpiitnab Ay e sASHYRIS tadipsnaster

conB8iR@int indicator comprises changing a state on at least a first of the one
or more digital communications links and wherein transmitting the second

setpbintaitibaoragpipprislie iy presaiifd®n at least a second of the
one or mogg Sigita L COMNBIY GYRAPIINKSe anakfy IR RGHRABHE IR

25, wherein the first slave device is configured to save a value of a first

repraspifcrbRidrdibhal RNalgaaetPrisodeaindipRIeapbiaf iRieatsts are time
mulfiptekBa 7Y %ﬁ%ﬁé%@%?@b AEERIBHRR BROPNSHHRY B1USYIISY Setpoints is

configured to save a'value of the second setpoint from the analog signal in

intepsigebiycoretré thechivialibyfisiavaieamroliers32. The system of Claim
25, wherejpaihg it arIPOIpHAICAMESRIPBHSESIOAS: BhEgfeHYEigital 33-

The system of Claim 25, wherein the second setpoint indicator comprises,

congRereations tinks to tha filstslayeieleat & drineirpsridinededideate to
the SRIVBHIGS DStrSHoNgaloief QA0 Beliss iRadakiR MmetikBusaihaslief is

_computer instructions further cgmpri_smg instructions executable by a
being sepgasped by the analog signal in the first period of time: and

transmit a second setpoint indicator on at least one of the digital
communications links to a second slave controller in a second period of time to
indicate to the second siave controiler that a second analog setpoint for the second
slave controller is being represented by the analog signal in the second period of
time;
wherein the analog signal represents the first analog setpoint in the first

period of time and the second analog setpoint in the second period of time.

26. The system of Claim 25, wherein the first and second setpoints have
different values.



transmit an analog setpoint signal over a first communications link,
wherein the analog setpoint signal mu?ﬁplexes a plurality of setpoints;
transmit a first setpoint indicator signal to a first target device to indicate to

the figst target Qgé‘ﬂ&ﬁatla?‘%%?@@[%%&?f?i{ﬁéWéﬁﬁQ@é&%ﬁéﬁM%‘c flow

for the first 33 target device In a first period of time; and transmit a
corgeisn@sdihsiirnicenomiirpriascalsc thi pergdigesaipanindicate to
the second target device that the analog setpoint signal represents a

setpoint for the second target device in a second period of time. 35.
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wherein the setpoint for the first target device is a temperature setpoint

and,@e sefpaint (oL e Feeond Jargeh device S aiaier) fivriaiSetpoint indicator
comprises changing a state on at least a first of the one or more digital
communications links and wherein transmitting the second setpoint indicator
comprises changing a state on at least a second of the one or more digital

communications links.

30.  The system of Claim 25, wherein the first slave device is configured to
save a value of a first setpoint from the analog signal in response to the first setpoint

indicator.

31.  The system of Claim 30, wherein the second slave device is configured
to save a value of the second setpoint from the analog signal in response to the

second setpoint indicator.

32.  The system of Claim 25, wherein the first setpoint indicator comprises

one or more bits.

33.  The system of Claim 25, wherein the second setpoint indicator

comprises one or more bits.

34. A computer program product comprising a set of computer instructions
stored on a computer readable medium, said set of computer instructions further
comprising instructions executable by a processor to:

transmit an analog setpoint signal over a first communications link, wherein
the analog setpoint signal multiplexes a plurality of setpoints;

fransmit a first setpoint indicator signal to a first target device to indicate to the

first target device that the analog setpoint signal represents a setpoint for the first
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target device in a first period of time; and
transmit a second setpoint indicator signal o a second target device to
indicate to the second target device that the analog setpoint signal represents a

setpoint for the second target device in a second period of time.

35.  The computer program product of Claim 34, wherein the setpoint for
the first target device and the setpoint for the second target device have different
values.

36.  The computer program product of Claim 34, wherein the setpoint for
the first target device is a temperature setpoint and the setpoint for the second target

device is a target flow rate.



