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a plurality of anal og setpoints,
analog communications link representing a plurallty of analog setpoints, wherein

the plurality of setpoints are time mulitiplexed in the analog signal, transmit a first
setpoint indicator on at least one of the digital communications links to the first
slave controller in a 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
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[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;

[0026] FIGURES 4A-4C provide flow charts illustrating one embodiment of another
method for controlling flow of fluids to create a mixed chemical,;



for controlling flow of fluids to create a m xed
fluid; [0025] FIGURES 3 is a diagrammatic
wo e@raesdst at i on of anot her enbodi nent of a sysPenuUS$007/005377
m xing fluids; [0026] FI GURES 4A-4C provide flow
charts illustrating one enbodi nent of another nethod
for controlling flow of fluids to create a m xed
chem cal ; WD 2007/103184 PCT/ US2007/ 005377 6 [0027]
FIGURE 5 is a diagrammatic representati on of yet
[0027Fn ot PreguriBaslh '&h};’tarﬁfnaﬁﬁ $é 8 ertMon B4l Endthed sbodiment of system
0028 FIGUEE 6C provide flow charts illustrating
anot REMEAGBdPfrent of another nethod for controlling
[0028f | OWFIBURES 6As6T providediiow enariskbustatinganather £M063&iment of another
Fl QU 1A- 7 ' repre ons of
one BEBSA LRt ABuorRHl TR date RRBKET BRBHSENS [ o
[0029} o npBIGRIRES 7%@Vﬁb@manw|8®emmtdeolm A gneremiadiment of a

repr r %‘9\% t of a mxer

asseﬁ‘%ﬁ‘p Y%Jg{tghg s grgﬁtrearrrrat ic

(0030} epr |86r13 prayisie f@wammfémreewesan@y@m%ﬂﬁ gnether embodiment
mul t 6 nleRdssdmblipgd set points; [0032] FI GURE 10 is a

ic representation of an anal og set
o031 orERSUR o Ao o ERerumtR 91 R TP Bl jasystom for
[ 0033Litipleiidganalog set poiitsagr anmat i ¢ representati on of

ne i ] . t' I e '
00220 BRI TH5 ey RS T s S, B ans
r epr esreaspandioa sefpomt ingicatargign@sioi nt si gnal and

[0033FOT I ERALARE '1"?% a 'dg%?érﬁmfaﬂé ré’é‘ré@éﬁtét% SFUnBUniodiment of a system for
I ndi cators; FIGJRE 13 is a flow chart

i |1 uBultiglexing Wge??é%i‘ﬁent of nul ti pl exi ng anal og

[0034F et PPIGURE 1@EJ AH@I@ES@RF&T&Q“t{!W]an%@i@ $epbint signal and
enbodi nent s invention ar strated,in the

Fi Gﬁ?é?sPPP%g st‘ﬁErfST %ssﬁéti"}?gseﬁ%%'a‘ 'P‘#?@f %P0 1ike
[0035hnd EGURE g8nsia igwphattsiiustratiigove embodimetht afunmaliplexing analog
[ 0034, 5ﬂ'§odi ments of the present invention provide a

syst en and net hod for continuous flow producti on of
m xed fluids. The m xed fluids can conprise a mxture

DETAM EdigEseRiptnibiui ds or a m xture of the sane fluid

havipng. different in roperties such a

10036] oy BreteAL bRt ol B e P e BIGURES, fie
var ynmgerailsemmgj ased © refer 6 ligphnd dortespanding @arts ohhef vadious
rateyQ ch of the input fluids can be regulated to
produce m xed fluid at a desired flow rate and
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properties such as temperature. In general, two streams of fluid of varying

temperature are supplied to a mixer. The flow rate of each of the input fluids can
be regulated to produce a mixed fluid at a desired flow rate and temperature. As
an example, mass flow controliers can regulate the flow rates of a hot and cold
stream of de-ionized water (D.l. H,O or DIW) to produce a stream of D.l. H,O at a.
desired flow rate and temperature.

[0038] The control algorithm of the mass flow controliers can rely on the fact that only
one combination of mass flow rates of particular input fluids will produce a mixed
fluid at the desired temperature and flow rate. Consequently, one of the mass
flow controllers, acting as a master controller, can calculate the desired flow rate
of fluid through it based on the temperatures of the input fluids, the specific



desired flow rate and tenperature. [0038] The control
algorithmof the mass flow controllers can rely on the

wo awv/10t1isd only one conbi nation of mass fl ow Pet/@s2007/005377
particular input fluids wl1 produce a mxed fluid at
the desired tenperature and flow rate. Consequently,
one of the mass flow controllers, acting as a naster
controller, can calculate the desired flow rate of
fluid through it based on the tenperatures of the
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‘:jl OV‘{ht%%w Art@liersOffiovi2 Bohtrolle P 188 rfthid! kaf s Oferhperature sensor 112
ownst r eam of
is also connected to at least one of the flow controllers. In this example,

temperature sensor 112 is connected to flow controller 102.

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



m xer 106. Tenperature sensor 108 and tenperature
sensor 110 are connected to (i.e., can communicate a
wa@k@nab3isepr esent ati ve of tenperature) at | easpPCDOg2007/005377

the flow controllers; flow&ontroller 104 in this

exanpl e. Tenperature sensor 112 is also connected to

at least one of the flowcontrollers. In this exanple,
tenperature sensor 112 is connected to flow controller
102. [0042] According to one enbodi nent, flow
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[ 0043, Em%siaraanet h%aah Bt ﬁottrwp:e1 ﬂmnd &ﬂ@ﬁb@tﬁ%% oAf HRO! the
f1uid 114 and col d i d low controller 102 can

cal cApatitesand %P@ﬁsf Ft’\eé‘s? ?alfH’e iﬂ!?‘ﬂ?}‘&d §6é‘é‘? PR Polypgnials using the
( CPHfollopgadoeffieiintd:| ui d 114 and cold fluid 116. Fl ow
controller 104 can siml arJﬁblge]t erm ne the density
(pT) and specific heat (CP f mxed fluid 118 at the
target tenmp@rdeure| (tT). Fop—féblan'pl e, if eacth#f(lhot
fluid 114 dlldOLUiUIIUIU 116 D1+—H26; ere.] 0919

densities _and specific heats can be cal cul ated based
on polynom al$ usihg the 6f20248&iA%y coef f| ci-B8/HO319E-04

2 -8.37727E-06 2.8655E-05

3 6.62195E-08 -4.28993E-07
4 -4.17404E-10 3.44932E-09
5 1.156955E-12 -1.10643E-11




Table | Oder p=f(t) Cp=f(t) 0 .99988 1.00919 1

6. 20242E- 05 -9.50319E-04 2 -8.37727E-06 2.8655E-05 3
WG2@2105H8+ 08 - 4. 28993E-07 4 -4.17404E-10 3. 44PGRESDB7/005377

5 1.15955E-12 -1.10643E-11 9D 2007/ 103184

PCT/ US2007/ 005377 9 [0046] Table 1 is provided by way

of exanple and not |limtation. O her equations,

| ookup tables or other suitable mechani smcan be used

to determne the specific heat and density for hot
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and £qk ﬂu&i'tﬁhﬁeraﬁlf’ls'&iog?se? f@a&Q' #ﬁ{a rgoQ“cold é‘u?cfﬁﬁ&'d%nds (Cpw,

to one enbo ate t
of cePd GAm)pad SI!&'BS“'%SC?! rhe botrﬁﬂde@"iﬁ'@démep) Fentroller 104,
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t ar gétc)t9 Brer 208 PF%)%(f°ftEa*amR'%r‘§b‘Petf‘é' '0?0) tH

Qc=Qfntodua0) Y m&nmwtecéthq:mte‘cmmEQmnpl
terrper u.[%’réq;)n cold fluid densi t(l%él'nég/ cnB) PH =

hot fluid g/ nm8) Cpc = cold id specific
heat (daFﬂq#eIIPmpepﬁ%urﬂ hot fluid speci(i@c heat

(cal/g t%hogﬁl]'dte,ﬂbé(@g]rél uid specificdgat at tT
(cal / g* Continuing Wth the previous exanple, QI =

Qrl andct"Fo fuid tempelatiresw control | er C@04 can
det er mgae= edncﬂaameaglty ate Qc accordi nggim*any

nmechani sm devel oped in the 3| ow
controlq”erhwdc‘gws guI ate the flow 2?} @d d fluid 116
to tthle!moa# eold fluidespeewifit hisat t he tg! ]?][ amczd@fg) LI OWd
contro sure i ffer b ase
flow-: co E'Q‘A‘L %éﬁ[lggs e%gsed fl ow coé%vglo 3r ot her

fl ow cd-PFtTr'oF"xegch&@eC[fGGES} altrow confeda&) 104 can

further pass a tenperature set point tsp to controller

102.  The .tenperature set point, in this case, c
i ndi E8pnUingEw Q"I%%'BWP%?]ﬁg Pl @7 5:Qr and tT-tn,andafPow controller

104 can determine the appropriate Q¢ 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 Q¢ (within the tolerances of flow controller 104) using pressure
differential based flow control, heat loss based flow control or other flow control
scheme.

[0048] Flow controller 104 can further pass a temperature set point tse to controller 102.
The temperature set point, in this case, can indicate the desired temperature of
mixed fluid 118. For example, tsp can be equal to t;. Controller 102 compares the
temperature of the mixed fluid (tu:) to tsp. If tys > than tsp, controller 104 can
decrease the flow of hot fluid 114 and if ty; < tgp, controller 104 can increase the
flow of hot fluid 114. By adjusting the flow of hot fluid, tu; will approach tsp.

When ty, is approximately equal to tsp, (i.e., within an acceptable deviation (e.g.
5%)), this indicates that mixed fluid 118 has reached the target flow rate and
target temperature. In another embodiment, flow controller 104 receives tu, from.
temperature sensor 112 and passes ty, and tsp to flow controller 102.



m xed fluid 118. For exanple, tsp can be equal to tT.
Controll er 102 conpares the tenperature of the m xed
wo bardoyisM ) to tsp. If tM > than tsp, controP¢BUSHOAH005377

can decrease the flow of het fluid 114 and if tM <

tsp, controller 104 can increase the flow of hot

fluid 114. By adjusting the flow of hot fluid, tM

wi |l approach tsp. When tM is approximtely equal to
tsp, (i.e., within an acceptable deviation (e.g.
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of Flprc-o{;J)% nes) sucpi as specn?c heat and density of the cold fluid, hot fluid and mixed
fluid (at the target temperature), the cold fluid flow controller calculates the cold
fluid flow rate (Qc) according to EQN. 1, where Q;=Qr, and ty=ty, (step 204). The
cold fluid flow controller sets a temperature set point tse for the hot fluid flow

controller (step 206). For example, tsp can be calculated or set to try.



2B corresponds to the nethod i npl enented at the hot
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receives inputs including tihe target m xed fluid
tenperature (tT,), the target mxed fluid flowrate
(QT,), the cold fluid tenperature (tc), the hot fluid
tenperature (tH) (step 202). Using these inputs and

the properties such as specific heat and density of
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Iowrate ld f ed on the target col
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2B, fowatcds),fthelhélt fidioRow eBhtidller Aaintdins thelcw Feté ohBotuid (step
can ?%%St the flowrate of the hot fluid based on

t he erature of the mxed fluid (tM) and the

[0057hi xeBihé btepsl of EIGUIRE B RA(argi3B cambe repratecdasingedsid ridesired.

M xefofddief i fartes sﬁﬁfs' &rhe Séﬁd?ﬁ\%d?ﬂ gﬁ%ty of bRIBr&and various

tenperature sensor or fromthe col
cont $6P$ eerforied hygachdlow eontrofier qamrPe w‘orme i e?raf'wu. d
[oossf | owneqe!ih @hd @rhbddiﬁfeﬂﬂ&ﬁSIGUFEE$ Avdndaie: tm:f cdll Wader flow controller
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I epefide @oﬁk&ll@ﬁﬁé&ﬂb&fevé%‘éhf&é the MepS QY FIGURES é@{ BePstherwise
steps._can be ep rmed in a variety of orders and
var i guaglbuted b tween the controllers.
[0059] 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 a
mixer downstream of the first and second flow controllers. The first flow controller

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



steps perfornmed by each flow controller can be
perfornmed in parallel. [0058] Wile, in the enbodi nent
WO L0FHG@IRES 2A and 2B, the cold water flow conP€DUREN7/005377
is responsible for determngdng the set point tsp for
the hot water flow controller, in other enbodi ments,
the hot water flow controller can determ ne tsP for
itself or provide tsP to the cold water flow
controller so that the cold water flow controller can

regu @g eal), QWd bﬁé 8&kama flold cdrﬁ‘roﬁérhf‘arn r\‘é@ﬁlgfb mbh@wrd?laes%cond fluid
of t hot"'and cold water flow controllers can

rev eP%%P P gl t‘i"ﬂ%e@f”é‘b§etd?°"ﬁlaéeﬂite?p@é‘ﬁ“ﬁe°fdf'ﬁ Q}'st%"d created by
di st thelrdixedl bet ween t he control l ers. [0059] Thus, one
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cont r ers ow contro can reqgu
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m xi parts sgrsm@mnt(nam) dabseirse 8Ae. 2000pn saurge w06 and 2200 ppm

addi thnoe |30§i UA @ﬁem&lpﬁbvaéorﬂhhﬁf 31(‘28&&?&3”1{@ ﬂoW S dBRcéntrated
illustrates a sol ution m Xi ng‘ns ystem 3

i ncoNB&? g 2 secandamixgn3| & wheredhe b ogaRated ipmigal is mixed with

exanplixedobiviFi E8IRWixer 332| addopdingitobmglemdydiriimt 30Be present
provi des,. a concent h%;ed NaCl solution m xing systemin

whi CWVFﬂtéon ?ﬁrk%edalﬁ T8 s conbined with Nad to
[0061pr od Eroethei sale of BiathplgNchld fluiddldwi cantmollercl 04t dam act as a master

COW@&&FEH&er%Hﬁmﬁ&ﬁo\%oﬁgglléﬂ% ets) C%tho)%gnﬂ-oller 310. Cold

solutiron mxin I ncl udes one or

sour 8gid figw Qﬂﬁ'ﬁf@ﬁ?ft"l%réﬂe'm tar getmixpd chemica| ﬂ‘ﬂ” é%e 1@ for dilute
part Naplgggﬂﬂd fakGet nliRedEhdNichl rﬁﬁwgdiehlé’p@‘hlaaogfierQﬁTllxed chemical
source an C . cheni oW

cont Tmpaat e St BB e Gl0R 6, A5 b s F e tproritixed

t o acbennatflow rate Q31 and\thertergeh mixagihchemicaltratib, chidfiuicheontroller

'O?] o ngg% %Wd&ngﬁg té?égy obPratdbiSiv %éb r)] af§ ?IB%I%@%ftcgncentrated

resent I nvent
st at NeGH Qesm)- [‘*@@‘M'Pgl%ﬁt the, terapgratuss o%ﬂaa@pn@enwcachemlcal has a

fl UIt ﬂe? Kgie @HBEL 0N the terhPérafitd ofGiluté Nall G@.@ttﬁé target temperature of
contraQ

or _hot fluid flow c oIIe
et B8 Gan P L Eaval el g UG Qrs and the input
cont terhperatutéslofrthe Gt arsd eold &i\ye toldifiuebifiah eontodler 1 0dwean further
rate ' j .
c hemdcaqp%anaettﬂ% %Lﬂgﬁf qu’%ég?e (éf‘ct)taﬂﬁg%‘\ﬁ]@aﬁgg set point tsp for hot
chenifluig flow eanyetier 104 QQ'Q‘ﬂwdffbw th@!'@’ Npfaprogides tse do hot fluid flow

and "cbhtraﬁ:?@?d2 aﬂdtdghemttaw&h.cm ﬂeﬁ\dcorq#m sfl. EbaWidwdténtroller can
Qr2 and tetagh? m.xed chem ratio, cold fluid

cont AN eantrol e fdisresnactive ﬁ'ﬁ'g target flow rate of
[0062) W HBURESMA-#Cae flalvehafts dlaskatitig arieceémbodiment of a method for

controlling 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 a computer readable medium. For example, embodiments of the
present invention can be implemented through programming of one or more
OptiChem P1200 LFC flow controllers.



NaCl (Qhem. Assuming that the tenperature of the
concentrated chem cal has a negligible effect on the
wo eovwpaorasur e of dilute NaC 302, the target teP@EBUSL007/@05377

of mxed DIW118 can be sd8 equal to tT2 (i.e.,tT, =
tT2). Using tT2, QIl and the input tenperatures of

the hot and cold DIW cold fluid flow controller 104

can further determne the target cold DIWflow rate

(@) and tenperature set point tsp for hot fluid flow
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concthetghermichl dhwrdootbllesito comteal fibwiaf the( Qird ﬂuld) The. epld fluid flow
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that the fl ow of have
over afhemesinoway inthe aft. inpluding butinetieriedde d'fi%%"t@bF%"tFO'
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409 I'S recelve
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[0066] As shown in FIGURE 4B, the hot fluid flow controller can adjust the flow rate of
the hot fluid based on the temperature of the mixed fluid (tu;) 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 ty, is greater
than tsp, the hot fluid flow controller decreases the flow rate of fluid (step 418), if



controller can for adjust the flow of cold fluid

according to fluid flow control schenes known in the
w@eao7/103184 udi ng but not limted to differenti abCVORL0ODDO5377

schenes, integral control d¢henmes, proportional

integral control schenes, fuzzy |[|ogic or proportional

integral differential control schenes. If the fluid

flow of cold water is greater than the fluid fl ow set

point, cold fluid flow controller can decrease the

flo 4 f it I e
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(within an acce ystemtol erance
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t enper ature
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[0068] he Theflow ahartodf FIGKMRES 4Af4QJreabre(smtepne1examalmtniilfodiment of the

' S eﬂr‘ééénttuﬁ\/ dB?(WoW%\/é‘r ﬂ%ﬁﬁ%%@' SndRlstb s trﬁ g:\%ﬁgg% FIGURES

hot f1l ul | ow control ler mal ntal ns'the

of h’%‘"fﬂ Ancbe repeptedas)needod @7 fesitad arseeancke perfasmed in different
c ggt ?r@le}seerl[@Bv%ﬂ m(é SEpYinRslérehtel f&t@ egtl:tpﬂl’)v@f:ot‘é)thﬁler can be

addi ti ui at e ased

o heparRImeg i el TRl GRES Ahctic, Ty Ghig Watpp g gontrolier is
t he wsporsbie dbreshictitimgcatiofoparaiietdrs fahdiad$ertisg getgadints to the hot

Ao S o SO 68 SR PR S ua

conceatt baptgrwihe distritiutedsto the ﬁowthntro@lﬁﬂsrrAq¢|tlerpﬁll43m)e roles of the
the ﬁ&lvﬂaééll é’r\cfj%c;lb Xter fOW d’o‘?lltrgﬁ’érs can bbqg&ﬁﬁ'gé'vc?sﬁé?\ethy tA¥ hot water

rate e concentrated chem cal
equaf‘%" eeriralier corirals fiqwiPassdonaa fawdale sah peing pad Bip cold water flow
t oI eé@nfoﬁér cddﬁ@ls:fhﬁnw@{d ol @vémwamwhétqsoman mai nt ai n

10065} or ngfF sieodinra R EICUREST ¥ 4428 31 Tosviiad ha\ e not areaty

c henaffexited by the tempel'aiureodfdhe additiahal flgd/added abthe seoomd mixer 312.
Qhegy,d A968subhéy (#Pmeﬁgﬁgéﬁat% of bgd%%ﬁ'ne‘l&tfé@of mixer 312 (twz) is

represent one exa
i NveARRIEN Matelybws é're istapgrimatelydhe I‘ﬁ:@?%r?m of thganixedh PIW).

ste pﬁc&frdlﬁg @Bﬁ&heﬂ&nﬂgdlﬁ%ﬁt bahe %F&féh?ﬂvé‘ﬁttdhe 8d add@bnal

ﬁ/gfle rattlfggsaeg}sggggq ﬁ% %Eﬂ’t rlggasg}(rfa fé\gzsﬁ%?ms ter%perature can be
cont usdd iarfloaecontrel.per formed in parallel. Wile, in
oorc R A e B S5 B S ke o soon
ass emiximgysyséem 50D sirgilardo that ohBIGURE 3 that adds a conductivity meter 502
and an additional temperature sensor 504 downstream of second mixer 312.
Because the conductivity of a fluid is typically related to the concentration of a
fluid, the feedback from conductivity sensor 502 can be used to adjust the
concentration of concentrated chemical added at static mixer 312 to achieve a



water flow controller and chem cal flow controller,
the step of FI GQURES 4A-4C can be ot herw se
wale@urnotist ed to the flow controllers. Additi onedt/ys200ne0s377
roles of the hot water andScold water flow
controllers can be reversed such that the hot water
flow controller controls flow based on a flow rate set
poi nt and the cold water flow controller controls
fl ow based on a tenperature set poi nt. [0069] In the
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[0075] FIGURES 6A-6C are flow charts illustrating one embodiment of a method for
controlling flow of fluids to create a mixed fluid. The method of FIGURES 6A-6C -
can be implemented as computer instructions that are executable by a processor
stored on a computer readable medium. For example, embodiments of the
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che rrh@teﬂwd flewcentrlieotd reguldtefioy gt)fhe]horﬂeld @oddssue dornmands to the

f 1 oA IwPEoHt RS tts%%ntrawoﬂ tRE wm mﬁd t wa& €$Id rfih?a%w

chemcal mx ratio, target m xed chem cal
r at ec?’IS‘F’ET' camfer éﬂl"ﬁt tf‘P ﬂP\‘.’f qféﬁiﬁ'eﬂ“éﬂ ﬁ?cé”?'f’% )‘° flyid <§|°WH’8{“’°'
f 1 Ui gcHepmgaekrdinaia thé &it, inélb@ing BUDRG |mweec{o@tfmmal control

chenfat B todial oriiefekniriek, prodphiital oot cBFkp B
r at epromm,onahetegcaldlffelrental for fezy dogic obmtend schames. If the fluid flow of
det eég‘? Q%hérhg tei&thaiin ?f“h How §%€po@q—tl Bqlu c{fﬂﬁv Edritiiler can

rate ncentrate em ca or 0
( Q héegreas e Nonpiele (sien 6itD). EinervidNon of paigater)is [ess dian the

f6|06) ﬂmEIﬂ@w e pbindstély 618) 2theddld fliid el lcwnBGiler @an irfcrddie the flow
ow

t enp %.tqﬂdé t&fa cg%i ﬁl‘f‘%g‘?‘@fﬁ?&‘“‘?&eﬁ% SFH)othwuthm an acceptable

system tolerance), the cold fluid flow controller can maintain the flow rate (step
620). Thus, the coid fluid flow controller can adjust the fiow rate of cold fluid
based on the cold fluid flow rate set point Qc¢.

(0079] The cold fluid flow controller can also receive the temperature of the mixed
chemical from a temperature. sensor downstream of the second mixer (e.g., can
receive ty, from temperature sensor 504 of FIGURE 5) (step 622). Using ty., the
cold fluid flow controller can calculate a new Q¢ and t, as, for example,



fluid flow controller can set tT=tT2 and determ ne

according to EQN 1, where Qr=Qr, and tT=tT2 (step
w®o@y/103a8di ti onally, the cold fluid flow contrett/es200ams377

set tSp=tT (al so shown at 1809). [0078] Wen a trigger

signal is received (step 610), the cold fluid flow

controller can begin regulating fluid flow using

as a flowrate set point, issue commands the hot

fluid flow controller to regulate flow of the hot

cont JetEed FERUTERBT Wi SISHRE R TR 36”164 ftia fly controter can
col dthehpedorfm steps 64 8t620| Using thamelvoQc adg pass theaew gptaothe hot
CO' dﬂJ.b Hb\g c@ﬁﬁ‘& eQ' ﬁ\ rGIrtcg tH' efén%’xdﬁﬁgr‘t ?8 3n§95 hbe continually

udrng PGt hot
dlffewdﬂﬁﬂaﬁitméhﬂmﬁs schemes, integral control

[0080% C NEAB Showrs t?motuF@ Bb thé‘hsgﬁtﬁé G %ﬁ@éue‘i C&W%ﬁust the flow rate of
proportlonal inte differential, or

P ont il Biig paasd B e, franerr re o grixect i yeadid the mixed fluid
gr eagetipoi gs)l Mheftempdratlirewf el mpedMuid e tﬁé fdceived feithey directly

contyroll e can decrease he f i f

e hpiaterPaltyE SHRaT Stelf vhe S hbifoh Sffglier Igtyater fow
f | oncadtollen] G# re(:eweptt&llavlal ttempe(mu@ deit pout fsk ¢step 623). If tyq is
cont {uf%lh lﬁ?k% It hEBR fd cBht?cWer Eiéér%as 'ffovJ :Q?e of fluid (step

cold Wrate e pol nt

2ccePRAb bn 11988 MR o, g’ﬂ%h%'é‘}wd fove cemiraler ingranses gy flow rate of
cont thelHot ﬂmaqgtearmzet andniftas EGaavté &k ewitisih @BcefidMp system

Th th dj ust .

{1 owlolezaessy. e ot e e “aialer e s B Fele o Potyia (step
r at e628)t Tipeihot G flopOéordrplidimnaetelvé thel ribw tebnperature set point at
cont Lablegb HANGALH SgRHMEIIGAIRGLAL Ure of the

m Xe chemc rom )énsor downst r eam .
[0081pf t hbe serpical ftﬂw(eqmt(ceegcan siaviarly adiustite flaw of thenadditional fluid

t eoner %‘t Hérﬁ:eﬁﬁ"@t%@ rNa'iﬂ?bQéedF dr@RE Si tﬂéﬂtﬁ@ﬂ&,@%} thel&indBntrated

cold f | ow cont |l er can cal cul ate a

how eferial (or Sthepfuid) Sraipates iap e Guer. 306TIce) fa Sontroler can

PCT/ 4&stofsd me%matel(‘éteifsml ipe@ fiud BV pfithetdoPBentrdted chemical is
Fl GUB r oll er _can

£ heniess e IR0 0318 5ol b o et 8o Horsis e fow rate

t he aewfmqacqrwenmteu@henﬁctammfratewqcahtth@setmomt (within an
Accog, &e@%é@s%?&’@%ﬁf He c@m:éé\%hﬁébn%ﬂe#’c%n mamtam the flow

contin dat ed as hanges. [ 0080] sh
in Ff@ﬁ&e@@‘ﬁhé" st th|e|q5'qeawqul BQW@QHW' Fcap adb‘éh‘“ﬁcﬂ%‘s'?te of

the touentrate@ chemiddlBased on tHd cbidAsie wtowrrate*w ponnt Qche,,.
0081 §odligtaiy e e Rwisahlrleb bt erive 4 Merlriiiang of

f 1 ui domshuctivity of dhee mixed ahientieal (step 640). yUsuflg the eonductivity, the flow

t e”péérﬂf&ﬁfe?c{ﬁé@%t thé c{;ﬁéHHtr%h&m GPérﬁ ggéé Qt"’tne second mixer. If

cont r ol ow contro recel

the the Qqnﬁpcqvéﬁm%ﬁ*%ﬁ' that the ’bk’}PﬂFh?@b’a( |§tt@¥)cgmtratep the flow

tM  eSntrdieradfdedrbade theRont&frdtioh of Leddntrh@d chemical (step 642). If
controller decr eases .t

524) e qoreFIVY SPRS edlirios it W B Rg hPRRRL PO e, the flow
cont comtradier ¢ cammewase theheorddeatratiart & thé condemtrated dHemichl added to

(ste tQ t
ccoaniy: Sitbrise’ Mo doheBitfion'dn ¥lrichhiid et gg6).
[0083 ont Tbe flew Q'FaﬂﬁPﬁFll%URES -G rertesent ong examplg embedimgnt of the
present invention. However, it should be understood, that the steps of FIGURES

6A-6C can be repeated as needed or desired and can be performed in different .
orders. Moreover, the steps implemented at each flow controller can be
performed in paraliel. While, in FIGURES 6A-6C, the cold water flow controller is



628). The hot fluid flow controller can receive the
new tenperature set point at step 629 and perform
W@ t@pa0a8- 628 accordingly. [0081] The chem cabCT/U8207/005377
controller can simlarly adpust the flow of the
additional fluid (e.g., concentrated NaCl) based on
Q,m If the fluid flow of the concentrated chem cal
(or other fluid) is greater than the Qhm cheni cal
fI ow controller can decrease the flow rate (step
t he concentrated,ch
"eSB%"ﬁ"ﬂS ﬁ°’c§??1°é’§ﬁ"(‘§ t"SB"%ssQ"’}'a“}eﬁ%' SE0A @SN S?ﬁ %‘b\?‘s to the hot
contwatler Bow cantroller apd shemival fidvovomtadlier, tharteps fof FIJRES 6A-6C

C onc S@Bﬁénﬁgg H?sfr@Jutécd BYhe A% c%ﬂH@l‘e?‘s t Rﬁdlﬁ&ﬁallﬁoﬂhgtrolfzs of the

I N an essemto erance
f | ovmdvﬁt?roanobtfol% wRtardpicentolars oan & revensed gughdhat the hot water

634)ﬂoJ bmroubheorqmcs‘vabaéém 5 9B rald St poRt aAdiHéSdold water flow
the f Iow rate of _ concentr at ed chem cal based on the

col d°INURIef FanyR/s flovebased g IRMRETARKS PRIRPH]L

[0084Pddi As disalidsed dlibee ahevatals fidvomofttmuéfsoédne&omntheeb@l of #luids to

a g UCtl of t he em cal

(st ep%gﬁﬁgg hse lxercsﬁg Con E:ﬁ 70 8 t mnﬁggﬁéf Whl can optionally be
cont steti¢ mixecanFl@JRES TARE pmwmlagranmat@fremhemtamns of one
addeé’m%dl%ﬁt %ﬁtggc Hio?@? ér{\blytf@@ rRNEUSipEnbiits. Refﬂ'nng to

indicates that the m xed chemcal is too concentra
t he FIGHRE ZOnstalf F‘é’fe’@aﬁﬁfdé'(!r7é’9é.'e°'wﬁs 3 BYhteE REpEpg dA2.Gan inlet

COﬂCﬁHehﬁilﬁﬂO&BﬁﬂTbﬁ alitidtsiseembl2)06. Ilﬁlet aégénmw@wtnlcmuby two

o 1 onlets. il Aeand Eh 710 THRE et i B8 salilnd B suppiy tines
concﬁaat iead from mﬁstntelam fioon canttollatse qurhaetmnptd irdetd?08 dan receive hot
(ot eBMLfrof? Rt pgE fow LORIBF 62 HhA I g3 BeblE BRIV from
r epr eaié RIWdiew esndrplier1 %tiodhmmmnb shpwn ip FESWRE 7A, inlet

| NV egddefib '__y ronRYEMmald thredded |sdclishsUMdesrid PRfto do'ﬁﬁ&cttt@ fhiet supply
st eps of ?URES 6A- 6C e re eated as ne

ool e ST, SHUEt RSP TEP PO NEST A APEAted SFBRd.16 to connect o

Mor eswv eatlettine. st eps i npl enent ed at each flow

[ooasgogtﬁ@é,l!g 7% X be Pa?%{.lt%(umng?)é 'fan)]gGF s%rgﬁly 7&Waélld mustrﬁﬁs a flow path
20077 1&eqf3¢dmgsmmar/r@@s®@7mzlf@m Fig@ssembly M0drto outlet
cal Cé&éHW?d@f ’ﬂ%LS ﬂQﬁE %ﬁbsnlé{‘?’o@?ﬁ@fﬂét 790 %?Inlet assembly 704

points to the ter | ow controller and chemc

fl O\AP’S'o‘hP?’BNOQrW“Fh FIGURE 7B futesiixetiats, thet inlspgssembly 704 can |

Z&S?ﬁbﬁjaelaﬁhékﬂhﬂéﬁﬂ&lﬂi pbmohhﬂ?lfdne\/b&@mis@lﬂbw"ms can include a male
ition t al es t he

e B pbit Fad €1 <BRfl o iiRer iy &, w8 Prgsponding
hot feaiade thréaded pootivonsol | er controls fl ow based on a

[00861' 01"# g\?rﬁe% m&’s‘?ﬂe{ﬁ é’rfb@hé-ﬂ)%rﬁag'c&a%&%f i Jéér}\gtsaemblg 700. As shown

on er contro
poi ni". FIBYIRETCamixgr 3sspsatly 7%@@0@'?@% @n@ocifmnsw of the present

cont anérhtﬁ{]nSnQadlesP@ m.xald.mzfthamaéa ab laaﬁtéiﬁz rﬁ&ers t |t21ehe

m xers e m m xer nd. m xer, L.

Wh crbasimast PHEIGURE RE: s iRk o fabstal st Hohisipg 702 at the

pr ovoutiet dldagjf intetedsisemblyf0ds évlixat disk Z22tam inelude a seating flange

enbo pﬁ{g . gng ' .

corrpgénen ! e%&g ?ea:é%ég B?m"égfa@ﬂ?% & giglj ms%e"?’w 702. Seating

assefnge 7270 working, mezpngertiwithithe, euemln@nrma% a fgnduglagd groove
fitting, can ensure proper seating of mixer disk 722 in mixer housing 702.
Additionally, mixer disk 722 can include an annular ring 726 on its upstream side
that receives a flange on the outlet side of inlet assembly 704. This also aids in
proper seating of mixer disk 722.



assenbly 704 and an outlet assenbly 706. Inlet
assenbly 704 includes two inlets, inlet 708 and inl et
w(@ i@7/1These inlets can be coupled to fluid supptyubioneeos377

that |l ead fromupstreamfl daw controllers. For exanple,
inlet 708 can receive hot DIWfromhot DIWTfI ow
controller 102 and inlet 710 can receive cold DIWfrom
cold DOWflow controller 104. In the exanple shown in
FIGURE 7A, inlet assenbly 704 has nal e threaded
ect 5 Ct i.nl

[0087i| neg)q Qéy rg. ?rﬁgle & "f°?{"%§§€°2hb’i'é afagmﬁé/ fdﬁo%)ncyoutlet assembly
t hr e&Rfearextonfi gl@rledm_somrmqt tm&/éomcrt ©.D.4ubing withta 2brech bore and
[ 0085y Eéﬁﬁ% % 4 921%&1"‘&5}7%'[&0?!5%& Ue Vhnidils fomponents of

assenbly 70 lustrates a flow pat 718

t hr oW’ ﬁﬁ%&!‘ﬁb')ﬁ 4 9@1 3RFONG tar Qg ?fﬁP‘éQ'm&%&ﬁBIb? marhines or molded
out | gdm TRHI6R BP hibdifled. Te'ﬁBHS fluids entering inlet 708

| e nbl it , .
roossf) ', BRI e S dpdniinals Toprateriinal e pRREELof mixer disk
asseni2 sholdrig oae embodinehe of thealpstreAmesidie dMper tisk 722 18ccording to

and o L@E &iﬁ'l%%pg* th Q\?se(h‘?n'nvlant? uﬂ?clt?de outénhg %ﬂgﬁ 928 defined
portion 8 P&'Fo m Xer Nous: has
cor r ey po Adien gurf$@'rg?!%attaﬂ @&ﬁ@@lroymfereon% an@ 60$U]er BHERIRE730 at an

7C i inhéﬁéﬁc.@hﬁéreﬂ@@?@@r ABa#ibhall 6%?‘&@&{|oﬁf72@déﬁrmclude an annular
assenbl As_ shown _in FI éU m xer assenbl

700, M. 25 Uoh PRl 5, €5 RBIRIPHERD V1@ 198 dog gt side of et
|nve3§5emblym4ttd@e iriseatiogr  di sk 722 that acts as a

[00893t at ‘ngtaéneﬁ%old %{t ol? %@UHEO‘;‘ |nn r ﬂ';ngu ?52 tpr(?jﬁ(l:PS mwardly from

ed I h mxe ous n
out | isness$uttacef730rwitht aramsenﬂﬁrmemacwaé thad idekine’2 flow passage.

i ncl ygdg r&j@%ﬂﬂ&ge{a WA tab§2( bt'rﬁ add Pid) fbr'iheﬁ' pr%|8%t inwardly

cor r espondi nnu ring ou3|ng assenb

Seat ;q\?@rdq ?%‘2@@“7‘24‘\0%'!19 FRgthPrPf%fSHe p{nt\mw\em”@lxmg tab 736 and
annuy3s dé nBeotoash,aut aawfs sl g@bQi_é‘tVﬁee?rf ﬁgbf'd tdJeavethe center of the
ensure proper seatjn M xe in

oucidh Pagate dRbtdRd) MR TapdRanéirib Bh 1B cen bave

an adowhstream sigfates eatending appsdximatelysmatenal tdiaher flange surface 733

r eceae@ﬁ\cﬁn{d n%&%‘ir%gﬂﬁs&r&%e?QEér?(m?‘{h‘é‘%anngft%?EreatﬁﬁwﬁE’ﬁkéfar the

704
722. centenefdhe ﬂ%m&swwmvww@ﬁti? to inger faymE 7338 According to

Vay ghe BMBBEIRent HE uBé’tPeénh Buidades Ut miking @AbsPAstRArR] ¥3874H inclined
and outl et ass?ﬁ‘b% 706 are configured to connect to
BYhee

3/8 PPRIAXIgHABIY fi HPEH a .25 inch bore and flow
[00SQpat hMKES disk722 caﬁ]funtlmrhndudﬁmm alignnd@it@otatr 740t toalign mixer disk 722

0
Vo oRtiMEOHRERTAY Roling 2 AN Rolen 14b ce e
Tef | gorresponddgpretssiast ingnixer msec]blsﬁn@sm 712 fosalign mixer disk 722

di agfaavatd ﬁa&.@@éﬁmatdno rFo?EerﬂSleem'd@nﬁZZQfanmexeﬁ@ned such
di sk, 722 show n a’oo i ment of the upstreamsid

M xefhaymixng teps ag% cePA " PHUICYRARIIERAB® nent of the
[oos1pr es EmuREWEﬁts IaOdIagraﬁﬁdlaﬂ&&Gp@Belﬁtatldﬂ of@ixer @Bk 728 from an upstream

Sleﬁ I(:B'ederéJ nv(\:laey opé(}ga%rf)lg nlgﬁl(te §8§| Jg fa%o%t tl/1§d)u c{j\%meter 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 inwardly .074 from inner flange 732 with a gap of .018 inches
between the mixing tabs. Again, by way of example, annular groove 726 can
have an outer diameter of .45 inches and a thickness of .029 inches. It should be

noted that these dimensions are provided by way of example and not limitation



inner circunference 731. Additionally, outer section
728 can include an annular ring 726 that receives, as
wale@cusxed above, a flange on the outl et side pET/URL01/005377

assenbly 704 to aid in seatdng. [0089] In the

enbodi nrent of FIGURE 7D, an inner flange 732 projects
inwardly from inner surface 730 with an i nner flange
surface 733 that defines a flow passage. Two radially
opposed m xi ng tabs (tab 736 and 738) further project

P S e 5 il o s o

t ouchthepgxarngle é’”ﬁewq canchye ilferpatly Praperiongd relgtive torrach other.
[oogzgent FIGURE7Fas afskeibrPasw 2 8nd BafbdInkéHt @sixerisd NE2 418Rg line AA of

ext cRIFUEE T o eduoRfe, R deaes (SRR I SO oh MG FICURE

733 72PFIGURE i7TAdilstratesrseating BangeCE24. Sindhis ehadodinhent, seating flange

m xi 754 }Saé}\s rﬁ{u Oartnla ?)r']g ecﬂ}%aﬁ'?r% Qﬁe dgvgn%t‘ee édéggmaxe?wlsk 722. It

passage ang: 0 1 nhner
Accoea}l algobe not_ﬁdefrcamfdﬁUMTF thah tahsﬁé!ﬁrmmmmedﬁe shaped

m Xi Gh 4o ?r%@n?élﬁfa?:é%f éé&w Hﬂﬁédq}ﬁg 15%@8&%%%@'3& it

fifteen degr ees. 90] . M xer can further
i ncl Berroashes thy ﬁﬁ%tﬁf offpixendizh32Ro Tapudgwnﬁﬁrm syffage. ppthe other

i N Nhed, ﬁé&éﬁﬂ’@bﬁ)dﬁﬂﬂ:&la‘ﬁ% MOvPbés&E@BnWhé‘tﬁﬂ‘s’bamv@aﬂher
mate Wt

orrespondi n on in,
s ortARFes s A5 hom tan M tabe- i & Rindls3Sb, Aditignaly. the
a padimengicms apdiapglestshown uiFEtG!eREmﬂ @re provided by why 6P8xample,
can B@t t'hg{}gﬁjor?u‘:h that m xing tabs are oriented in
articu I rection. %0091] FIGURE 7TE is a
[0093§i agFKeHBRESSA-P Peavidn diegrammstigepegseptadipns obarfathghegppodiment

;JESt bﬁélmlxéé”a%%‘ér?ﬁ\j ‘Nféf!erﬁﬁg fB(ﬁmltJRE Sh\UEtaﬂQFmJ(érrBsEé’fhbﬂfBOO

e outer diameter of outer i on

| nonBeiuen g THE oo Si s rietzpopmbic 564 808 aa08 an outet
di amassamtgy 810.nEach &1 the jrdet/a3eniies o Imerudb (an idlebconnected by a

i nch 0 I X1 t A 73 ex
Ry R el il BRhgHE BAB0CH ind Al Ely ppFiGURE
i nch@sinle essaretly 864 includea @ntinigt thrayugh \Mhiclbshamay(edﬁlmd (e.g., mixed
exanpg) cﬁ‘rmgﬁ’éfﬁﬂed %. EOYr%n? Hfkef QBG oh P}@Jﬁé 3‘?Whﬁé inlet aﬁsemblles 806

di anet er i nches and hi ckness . I NC
D AS IEIURRIBE thioyah M BRLCoNCRBIRaRE Fheitcal A he AEryided by a

kaéT %z%i%%ﬂ;mﬂwe@tcHénﬁibél&ban\?Qlé’r@Uc_ff@_ﬁéRﬂlE 3). Inthe
[ S m Xl
i < R esBONE it FIGURE BiA, i sSo RS RN4. B0 nd o ngye mate
ot hethremqﬁqg:thms@‘r& iBdAand 81 6beesgpétivelye ti ¢gnnect to inlet supply lines.
Pr op@frhityesutle? la@éénmy B%0 rag hnda% {Hebaded 2884 8T8 %JE%EmZ,»Et to an

is a section view of one e ment m xer di sk
al ongulletdigeAA of FIGURE 7E. In addition to the

[0094] eat FIGUREI 8B a5Rfitial RutWayLoT Ghikéasskinbly 408N illudtates a flow path

FI GU 7TE_ il Justrates seati nge . 724. ln, thi
hboaznarmmed BRERReOi s AR Tddaksamby fi4g outet
pr 0] assemigy Bl 0.mAtHitoniynBIGUERMES ithestatesnfluie flowl ipathsB22. and 824

fBugh Rfbt BEs ifed ¢ EQJHdFeLo@JE&%pZE 'inhﬁc%B&{Jvﬁ@\ ri’c{wpath 820.

738 can ape streams

each Thus w qr%@jmggnlgkgﬁgggbly 804 riglegassembly 806 and inlet assembly
808 exit a common outlet. FIGURE 78 further illustrates that inlet assembly 804
can include male threaded portion 824, inlet assembly 806 can include male
threaded portion 826, inlet assembly 808 includes male threaded portion 828 and
outlet assembly 810 can include a male threaded portion 830 to couple to mixer

housing 802, which has corresponding female threaded portions.



approaches the center of m xer disk 722. The

downstream surface, on the other hand, remains
w@eoopaoxdscul ar to the fl ow passage. The tabs ceOT/is20e7/005377

ot her shapes and there canilbe nore than two tabs, or

a single tab. Additionally, the dinmensions and angl es

shown in FIGJRE 7F are provided by way of exanpl e,

but not limtation. [0093] FIGURES 8A-8C provide

di agrammati c representati ons of another enbodi nent of

o00f, ™ B BE TRl ] Skt kR BF Rl b 8 Blr

m xer
i nl eassegbinBq. oAs Sawyn WGMIRE 808mixer eenenebly 888 .sanebtdjng to one

810. orhB&dmBht &ﬂﬁe 'pﬂés%ht iﬂ@é’ﬁﬁhl ineRide84 rﬁ&%nl &lgﬁagﬂtﬂa%a% asa

connected by i ne

P SRt off R EMROHImeN Sy EIARBIECL rerradiao7 Rlaed in
assembv h&@ind 802 HOME odllet SiULS ihiaE awmmlﬁ BOK. MdRrdisk®32 can

i xdnoibds  seathefinaed 8 insi s Broogestiflic.aniy ring pf housing

808 assehibties8d| Sea!mgiﬂaogg BBlemrklngdm cencertvititl tl'efm'mu(z«mlnng as a

can iofd i 8B, SHPOIEAL pLBLS RN S 1k B2 i v
exanpusingf#d Adﬂlth"@lREmSﬂ disin832 cap incivdeiansargolar rigg @36 that

and @e&vesay %H?Jé Bn th bR 6de DF ﬁﬁét%§en%i>?y 80%14rrﬁ§191s§ Afds in

resp ectivel connect to inlet supp Yy i nes.

Sim ?rgpﬁryse 08 PEMixes Jiskif3¢- 810 has nml e t hr eaded
[ooge]sect IFI(BUFiE 8Ctalscillustefés that iow pessalgeb 82rramd dm&té}sect with flow

artial uta r as
and FEease p2p BeRBbyedh b thRF A doge cereal i ge kg svstem
houssuth aﬁﬁﬁafdmtemlrﬁlmﬁmy cBOderitmtedithertical is introduced
asse%ggﬁg qug]pé y, FIGURE 8B illustrates
flui or\%;%act’fﬁgwé‘% an 2824 through inlet assenblies
[0097B06 wasosexaleelpeb,wtméI"vltatm» irtetjassemplyt894; nistagagmbly 806,

820. .nueTBs%e(%sw B0d ang L&t d%QeHnBIyGE1 oaa%é%hrguré@fo carmeei to 3/8 inch
asse y

d inlet asse exit a co
ot | B0 s i o 2BRHEYS | BY oL Paaplen b0 ARATAton, flow path
assemtﬂ a8 L1 inem diam?dtetd@hmrﬁoasrmmﬂﬁdnwﬂmum 453émbly 800,

i nl eécc% aﬁ% dn n%rﬁb&@%gnp%aﬁgg nqgéh‘? eJt?rrgglggg ng'hfff%ﬂ or

826, asse I'NC e Fral ‘Hrea por
828 randif e@ deflen. I\asgrm §2Bqan beypimilac buidenticakia eixer disk 722 of

t hr ep@RsREe 7L AN md @isk 8PPLEn be aﬁéﬁ%’ (e. J‘%ﬂgrige §%ment
whi ch has corres ond| ng femal e threaded portidns.

200 Fote) N et e oteng disk ﬁ%Z[%gbqnqﬂu QYSRAoy @assage 822
il uaidﬂﬁve;sagsagem sectional view of one enbodi nment
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[009%hnnuMany ekiatingafiova controllers receive set points as analog voltages/current.

Typically, this requires the use of multiple analog sources to provide set points to
different flow controllers. However, a particular flow controller may only have one
or a limited number of analog ports available. This limits the number of slave flow
controilers to which a particular master.flow controller can assert set points.
Embodiments of the present invention reduce or eliminate the deficiencies



tongue and groove fitting, can ensure proper seating

of m xer disk 832 in mxer housing 802. Additionally,
woreooenoxssk 832 can include an annul ar ring 83BCT/i81007/005377

receives a flange on the ogelet side of inlet assenbly

804. This also aids in proper seating of m xer disk

832. [0096] FIGURE 8C also illustrates that flow

passages 822 and 824 intersect with flow passage 820

downstream of m xer disk 832. Consequently, in a

m Xi t ' -

Conc BT BRa Sk o AR B BRalyd pb i probigihd or

mi xi Myltiplexingsolanalo@oser poljs omg Pefticalas apaleg commymigations link.
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[ 00087398 SgBetsa; act ANRMATER H8ViE? 19 ﬂt@gbﬁ% goptrollers. It
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f | owdedees cadable Freyeiving @oa@gnsgt p@ntsar i ous
[010128”b051h%6ts?gna9§&1r9é 9bBSufdutiars 8R4I68 Hgﬁéﬁn&lﬁ@in?%tet é&nt@ for

control ler that communicates set points. to
ot heMUtiRig\slavn HYreTeR a"ﬁﬂ%@%'%g?%\m'ﬁ‘ $Qiy Digital

cont gemhRinidaioRs Bikergushyoosdballcamgisefssinf ihdiagtordighhllté each of

" oceBBue Bice P - Y04 ERIRIG BE potsdihithe kiitafESmmunications

Typi tckd gan hehseparatgliusess ottbe samedfusrarbitrafeiddoaead agligital signal
sour ?c?? lpgﬂlcﬂ{aﬁbfagg désit:e @Bhn?\ssett ?omij decg[oq‘% rﬂrfah ﬁWa particular slave
er nmay

contro
onl y davige Insirf@tes()mahtrneuama ignatisdndisatingte gt peipt for that slave

avai gatike. whinsa érﬂb&lﬁr dihee aévmo@fecgivay@nf.ﬁd?&non that the analog
controllers tao r mast er

cont Ponp SeafniiLEP sBLBant s thel e o pariBllag playe gevice s04
pr eseah reatviendet oint &ductee(ahalbblsfgmt "sing ¢halsdti poiird iredietor signals

xgviz%o decg?’e]\ﬁéerl? gtl LPIL]LJJD%Q PJpr%Q?c%(J geélé?géﬁeb()?/é@ ggslégf;etggbn an analog

er of ana
for Im ptiows @xlltmgi mal@w@@tmlmeto b Mwitiplexed @npﬁmiﬂglelﬂnaiog bus
anal @gsconmuni cations link. [0100] FIGURE 9 is a
agrammatic representation of one enbodi nent of a

[°1°?s]yst T EedRE S thaanalog %%H‘?{;Pt S199pL %Rt PRIt fRdicates signals are
900 mlmetru@e&sadmn&ﬁ@rro@ thé gamle raastecdevide) Havevee dh othdro

glcj)lr‘rf"r:? X gﬁ%ﬁ F % Crg%é1 04%ntlon Qh aXAI %Qgt 6{)%%3{' gcﬁ'xal and set point
di gi irdicatomsigndls ean begenémles at dlstnbuted devuces
[0103] FIGURE 10 illustrates one embodiment of a an analog set point signal 1000

asserted by analog signal source 902, a set point indicator 1002 signal for slave
device 904a a set point indicator signal 1004 for slave device 904b, a set point
indicator signal 1006 for slave device 904c¢ and a set point indicator signal 1008
for slave device 904d. According to the embodiment illustrated in FIGURE 10,
analog set point signal 1000 can have voltages/current between 0% and 100% of



908. Anal og signal source 902 can be a flow

controller, such as an Opti Chem P1200 produced by
woRdorabiig4 Inc. of Billerica, MA (now part of BOT/@8I00%005377

Cor poration of Chaska, Mnnégsota). Simlarly, devices

904a - 904d can also be Opti Chem P1200 fl ow

controllers. In other words, one flow controller,

acting as analog signal source 902 can act as a

mast er deV|ce to other flow controllers. It should be

ny B0 B Blge, e Re 38 SoiiliRucSieh 5o 3ty S HHon or tow
and (@i cysing bgtveend43 veits dzre:tfaerwoltd@e/ values onpthbl walegs
receimjcgg,%fgggg,@"ﬁ’et poi nts. (0101] Anal og signal

sour ce out puts an anal og signal including set
[0104hoi nindhe gxampigl ofidEERE 1 doyy qgﬁoglﬁﬁaqar@gnultlplexed into analog
g 8 Smtugha afOUOanol' tifle p2ABd tPire det boin€ RMBIR bERI |s@£1§ iolr @ period
a-

oi nt _i ndi cat or
oaorZofhe et 2pist Bk B Bale! 1ds e ShrBachlP Setreinigs 3 of ful
t hat sdatee athiddot tirhe perioditd, trad set point is 78% of ull dealesepar at e
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nal Ve devrce
i ndl dewMiens. sﬁqgmcamblﬂ the gnaleg eellmvntsmmna$eom¢@ a pressure at

| ndi 93 elifiRb04d!buRE R AbBRSheddar Sl RhAGDIAE TS, the

poi nt for that sl ave "device. particul ar sl ave

devi 3naleggetpaint;signal gan M&P@mftﬂk’q ?ﬁapomefoaﬁmaagtv of purposes.
[0106$ :’1 g nahnmgsaaleestl ;falyu dfdintdSerfitt1 PSEtipoint mduddt@td sighRif 1082 changes

t he a 1.CU Vi C an.re Its et,

poi riEBieEdiirs AlendR g (Fhewaial 10T Bunfigiret e e, iice s04a shoula

i ndi osH the 465%) ntfull scale vamdel asdtsesebipeint.s Stavp dienice 90da can continue
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line a e ana set
rul t$'pﬂl&d<€ﬁ?dcﬁ1nq~§eh@m@t fmﬁftﬁgaw@g sgig@int[s@nep]0qty Thus, slave

FI CUrkvids géztzfcaanearmauéeé ufOinalasHh e saad s‘é@bo.ﬁpé\rétn though the
i ndicator_signals are illustrated as comng fromt

sanmeV3d Phihe AAagSiongd iRech@n9ingn ot her enbodi nent s of
[0107) he Sintimen} setpoirn indisatoridignahnedomdiatesthatdiawd @svide S0Ub should

et t oo
oo DO B e R 8ot 30 et oy DA fefior o
enbodgnalnwoéﬂncac@tns that slaye devicp ODAC sngch gke te0¥p% of full scale as
assefd 84t o SQQJvﬂgats‘l Adfhne Qé‘{ ;ﬁﬁnt%&cat@r §§ﬁal pl@bgtmdlcates that

i ndi cat or 1002 for slave device a set
poi ntlaredeviee 8P4d P@%‘P ug@ e T85p ok full\pealgarn itscsed paipt (spown at
set poig) indicator signal 1006 for slave device 904c

d
or08]01, Tu% SlnBriheh M0 FRAERE 508 hunboh L84 gt ggprote and
in F&&Rﬁtabﬁz schensd foginsligatipg tna skivg davicé ddendiamanalog signal is

vol t %g%ré#}ﬁ&r) %?9}?@‘%@@1& fc%;%ﬁ’cé%gn %Q%uféd VRr?eQ(QZ{gi'é) HeBdet point

PCT/ US, ( scal e va
set |pdicatorisianat aamehaniogriates (e-g-. EpHey te |h§!*i‘ fsprmy high t° '°W or

( eI Jundéeryé lotHed sifé \Bﬁ‘&fbe‘)/whea AR abt«s devic® EhéUid Bedihde4ding its set
val ues.

¢ RnER e 2BFoR FEL PR G Camee R G Popin HRET e siave

ar e devite shautd dtoprreadiag itk sgt point from the analog set point signal.
Additionally, the set point indicator can be sent to the slave devices in a variety of
manners, including as part of a data stream, an interrupt or in another manner.

[0109] According to another embodiment of the present invention, the set point indicator

signal can be asserted on multiple digital lines. FIGURE 11 is a diagrammatic .
representation of one embodiment of a system 1100 for multiplexing analog set
points. System 1100 includes an analog signal source 1102 connected to



signal 1000. For tine period tl the set point is 45%

of full scale; for tinme period t2, the set point is
wW®20d70631841 | scale; for tine period t3, the sePCpPUSIINT/005377

is 30%of full scale; and2for tinme period t4, the set

point is 78% of full scale. [0105] The anal og set

poi nt val ues may have different neanings for the

vari ous slave devices. For exanple, the anal og set

poi nt may correspond to a pressure at slave devi ce
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set % ANt (shown at 1014) and set point indicator
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1avE°devi ce
poi nthefsegand hed thirdl signadieg lipes nftbu§| 1g1|ﬁHI (em(mdharvgben a particular

st at ggv@dalife WENrdcBRes bﬁ\{&.%éiﬁwtﬁ& thé QHJang %Ig‘?@l is specifying the

reading its set [ rom anal oi nt

si gn2gt. P°"Mﬂ“h?‘c¥?%(lqeythem?éf'%@f Sﬂﬂerﬂe"qu G regd itp get point

sent from thé enslbg\é@ndewmganemtur@ a/aha@tvye@lﬁted r@ﬂaﬁff&r each of the
at a rea

|
e fiaidihelits Y 02hastng RaBa it i hasth it infreaiflo the
of thwnperecs‘eilgltal setpoint indicatdndinget poi nt i ndi cator

[011 1? %{ﬁ{f %ZUIT@% é%ﬁ!ai%gmgi‘f;&H égﬁél%nﬂ's%t {)G’iht i'nhif?ﬁt%r signals are

|a Ira resentation o
embotivsteated ap camgy@sff%mﬂlqwqe ma#mmempekmyvahm pier

set  eRBbdifrentsdhe PrekéRPinvarstidad e %I@j@t%lrﬁ sighal and set point
source. 1102 . co nect ed to WO 2007/@318

PCT/ \08i5alPf FigF8$£AN begenfratep el disfrted dgMesss 1104a -
[0112] 104HIGURE A2 itustratey arenembodiabhbersa 4 akaldd 86t paintcsignal 1200

di gi Lgéc?é@ﬁsbg]a%%%@ A%rgél tsf.‘)‘hrcg U 0} 1.9r7d a.a.téi %‘Hﬁ%&tfgpprtogldmg setpoint

sl ave
indicators. According to the embodiment illustrated in FIGURE 12, analog set

point signal 1200 can have voltages/current between 0% and 100% of a full scale
value, whereas the 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).



1104d at 1108a - 1108d respectively. Digital bus 1107
can include any nunber of lines for carrying signals
WO e003l1e3164 devi ces 1104a-1104d. In the exanpl e BET/US2007/005377

FIGURE 11, digital bus has2shree signaling |lines.
Anal og signal source 1102 can be a flow controller,
such as an Opti Chem P1200 produced by Mykrolis, Inc.
of Billerica, MA (now part of Entegris Corporation of
Chaska M nnesota). Simlarly, devices 1104a - 1104d
an t ow, cont.r ol | . t her
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b I
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exa i ndi cat or
oaq Bapuaet BpFE ialabp poaBE,ef balat igtal 1alnahisSaye device 11042
si gnedm oontinueds usé tHe45% bOTull(sealg. set Paih} evaibough the value of the
part 5«%158%;9 ?l 'g\éﬂagﬁx¢ ce 1104 receives an indication

t a

t hat is specifying the set point
[0116lor Shaitaryesigeal, 120Rdndicates that sieve daviee déQ4lxshauld)ysethe 62% of

r eadfjitszafeds l&oéé'ﬂ'bomft (@Mt}ﬁ 1279y, Qgnai O mdlcatesfthatt hslave device

| mpl ement i ng a bi nar \NEIfg hted system for each
di gi f404c#¥add use the i% ehid seale aéatﬁéﬁf peipt (sowp af A314). Intime t,

mast elg;nwstﬂzoutanunczoeassmabhf(shdwmbte'rzwfana gaml mdlcatlng that

Zﬁf’;ﬂpg Ué gIP&gI%I ﬁ{)‘?éf'b%‘fe 8%%&9]?&1}. BtFthSC? cﬂsclé s&t pomt (i.e., muitiple

sig neligaaldmes are s toedend the setpainhipdicatonte blave device 1104d). Thus,
mast fHr eg §¥f tlmwXﬁﬁnes'J} gggéafo mﬁﬁgfédéé@cﬁrtntstf%urt e devices.

pr esent I nvent e ana set pol nt si ! et
poi nisingrabisaryschemgrml te 70%?1V€b‘ée\g@$@a@tt@d$lm90ﬂed (21, where nis

di st fHebf‘tﬁrﬁlSErdﬂ\ébﬁ)%ﬁwt tr{cﬂ:%lc?r] hnE&WﬁEoﬂ@subhbl@ét%S&&?v&f@w the case

enbodi ment of a set poi nt, signal
oo WReh ot 'S PaaRsStaer 4 f6¥o%and d. o tal
[0118i gndhs sfgmual fimings grovidesidn rFmGURE 1aheqabddded by\aagofl eragmple and

to t

oo hECSURRIA S5 ok VRt b 3 Al o 10E R Bl
and wwmmheasetmolnt fardhat davn;ewen behdilized Edrexapple therset point
I ndi GRifordigHiksn @l’iﬁ'n 'ét@t@é (&5 9ol IoMWh(?raﬁ‘om high to low or

cyclin between +/ 3volts or other vol ge values
or oMREPraQMthRs State ghange) Nen tae slaus Aeyice ppuid begingaading its set

PCT/ H&?\Qﬂé’v‘nQﬂE anRdlog 3ot B&]ﬁﬂﬁ&ndl and f&ﬁaﬁg@ﬂﬁie% a@;%wﬁhﬁyﬂﬁe slave
12, ]:ig\lillée slqoulg gtosg’)erteagl r{s se pomtr?iJ om trpe ana og ser{ poin g?gn%p
Additionally, the set point indicator can be sent to the slave devices in a variety of
manners, including as part of a data stream, an interrupt or in another manner.
[0118] © FIGURE 13 is a flow chart illustrating one embodiment of a method for -
muitiplexing analog set points. The flow chart is divided into two sections for the
master and slave device. The methodology of FIGURE 13 can be implemented,



signal 1300. For tine period tl the set point is 45%

of full scale; for tinme period t2, the set point is
wW®20d70631841 | scale; for tine period t3, the sePCpPUSIINT/005377

is 30%of full scale; and2for tinme period t4, the set

point is 78% of full scale. [0114] The anal og set

poi nt val ues may have different neanings for the

vari ous slave devices. For exanple, the anal og set

poi nt may correspond to a pressure at slave device 1
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ahal og set polnt signhal can mu
anal@@M@ﬁﬁ points for a variety of purposes. [0115]
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serte evi ce.

pr ovEabediments, M'ﬂ?%@emtm ti@dtf@)emw'roﬁm)@aﬁpjluaratwe and

and traifiheSitboba bt ﬁeﬁﬁ%nﬂ@ﬁot‘lﬁﬂie@% 'tﬁlé%eté?ntﬂ)o@rhé?{@ Many
devi ce _when the_anal og si %Béaﬂl S carryin

S
poi n¥aradiPns.{RPAHANPES ddi f’u"l"P?élameﬂI?%é'&%\ﬁ'b‘P@d‘me"‘S
E he dedcriped above a@i piakible. Slt I;Wnt&?ﬂa«ébalmehéde’i\taﬁtlons
e.g 0
ot hem‘od[ tte]ancshx\{li,]éle3rt§ v\ﬁﬂi n{qﬁ&@n}%@%fa&l thh%h Ouﬁggg{h%q?]ventlon
r eadasidefailed inethe fqllowing ¢laiors. t he anal og set poi nt
signal and change states again when the slave device
shoul d stop reading its set point fromthe anal og set
poi nt signal. Additionally, the set point indicator
can be sent to the slave devices in a variety of
manners, including as part of a data stream an
interrupt or in another manner. [0118] FIGURE 13 is a
flow chart illustrating one enbodi nent of a nethod for
mul ti pl exi ng anal og set points. The flow chart is
divided into two sections for the naster and sl ave
devi ce. The net hodol ogy of FI GURE 13 can be
i mpl ement ed, WO 2007/103184 PCT/ US2007/ 005377



26 for exanple, by execution of conputer instructions
at the nmaster, slave or other devices. [0119]
wa@\ewanaiigg to one enbodi nent, an anal og si gnal PEDUSE7/005377
generates an anal og signal27representing nultiple set
points (step 1302). Put another way, nultiple analog
set points are nmultiplexed in the anal og signal. The
mast er device comunicates the anal og signal to the
sl ave devices. Wen the set point for a particular
WHATISYE AflGEpGe. i s being transmtted via the anal og
ster device can send a set point
|ﬁd|&ﬂwldrm-taogtsmsprrs¢oawsumu ce (step 1304). For
&&ﬁrd@ﬁtb%nﬁ@l\’th&ﬂoﬁ%? afF@ il gnal on a

d| |taI bus (e hangi ng he state of a line or
|ar§é'§°B‘i’| ﬂPW@BH%’}erﬁ%C‘PW{m'H?ﬁf@"{ 8 S&%’H’rﬂ‘i'@ul ar sl ave

d _MirstemixBain fluid GoriMuniegliot witls ahe dB@NSEERh bﬁﬂheqmsttfbel controller

ana sgichelbw, shRimEnD mRdhe Bt S8 ECT AT 1 Phiuods frss mivguio:

S lafirst td&mecaiureaaensercdnmtream clribe ﬁgt geter po measgriedhalemperature

ofthe(fﬁgtqnméggéh When the sl ave device receives a set
Icator indicating that the anal og set &gi nt

S |vg1¢a¢m itke firstBow cortrallrpis configured do reauiate e figyyphthe first fluid using

a firstfRidtar %quo@q{,@r ghged at 1308) the slave devi ce can
save t

| ue of the a set poi g
< dif seqang flow ganpllerds ppati A foreahia es&hsﬂor«:ééwe sagpng fluid based
on a tefipleratareCsetpaiotdridtamperiture of thy fdemixeddiuiccvent occurs
to end the routine. Additionally, the steps of FlIGURE
13 can be repeated as needed or desired. [0121] Wile
t 12e Precfuith mixing eyateér of Biaimble durthibs compisidgni t h
r %ffﬁgmm&ténop&mé géHseF to ﬁa@@&% %Bfngﬁnmq ferfiapmbL; Qﬁd

under st ood that the enbodi nents are i1llustrativeé and
t R§ePRE ﬂﬁkﬁ’dﬁ@PSPt‘frﬁéeFWéﬂthﬂﬁ;ur%a §8¢ond fidid tesrresature;

t hg&ee.ﬁ v flistRSW Sonthdiay is fuamér&bnﬂg@redn@defehﬁmbltﬁ@ﬁrst fluid target
It1o

S .a rove
fow r3fesyich B8 R ol BrBeuE; Brecsecppe fERIGPEITE, & fprofipmperature
of thetfirstypixed fluidtandresfirst mbed ffluchtarget flowadtd. t i ons and
i mprovenents fall within the scope of the invention
as detailed in the followng clainms. WO 2007/103184
PET/ UsZibad mixdng system of Qlgipi2, whecein theetiyst fiow contlier igicgnfigured to
providd thieE8mpY¥ it @a sefIdt it tHaGsecand hbwicohlremércont rol ler to
control the flowof a first fluid; a second flow
~controller to control the flow a second fl ui d; a first
M4x €The fiuid mixing system of Cidim@) whietrdin amel tetiipensturecsatpaint is the target
Iler and second flow controller
temp%'gﬁ";lf&%h H‘S‘P e%'HJ second fluid to produce a first
m xed fluid; a f| rst tenperature sensor downstream of

% he '{'Hé fdid (Fjﬂn%ﬁlﬁé skﬂem@’}lﬁnﬁ 4, Wher &SRR RisUAGd i9éold BE-ionized water
and th(-!: ggconrc? ﬂ)ﬁ?d is hot de-lomzed water.

6. The fluid mixing system of Claim 1, wherein the first mixer is a static mixer.

7. The fluid mixing system of Claim 1, further comprising:

a second mixer downstream of the first mixer; and

a third flow controller to regulate the flow of a third fluid, wherein the third fluid is
. added to the first mixed fluid to create a second mixed fluid.



wherein the first flow controller is configured to
regulate the flow of the first fluid using a first
wo bardoziad get flow rate; and the second fl ow ceet/vsioh®005377

is configured to regul ate 28e fl ow of the second fluid
based on a tenperature setpoint and tenperature of

the first mxed fluid. 2. The fluid m xi ng system of
Caim1, further conprising: a first fluid tenperature
sensor to neasure a first fluid tenperature; and a

sgcC . . San :
¢ Bu e kBt SRR ER 8 Wb Ry B SRS Beouites the
flow of thefthird fiif! based pg@rtbind fleiddaget iaweate.ne first fluid
target flow rate using the first fluid tenperature,
the_second fluid tenperature, a target tenperature of
t e Thedltd mxinasysterm af Slimd. wheegin m%{&‘x‘ fluiq isferignige water, the
secontl il i& edonided Watridnditele tHirdiM@ is asdondemFatél aheinital.
wherein the first flow controller is configured to
provi de the tenperature setpoint to the second flow
c 68t Toe flgid. mikingTysteinh of Glaim B whesystherfirstffiuld isicold2de-ionized water
&Il d SIHE point is the target
and temébgﬁh'pgsbor PR e D o . 5. The 1 ui d
m xi ng systemof Caim4, wherein the first fluid is

cah d THE fluRIthARG SYatcth of BR5 BNAhERGPINE delcthd! mied Wlid is a diluted

.de-tjvgﬁnl zed vvage(af' 6.. The fluid m xing systemof Caim
solution of tha caneentled chamical yor s a static mixer. 7. The

fluid mxing systemof Caim1l, further conprising: a

sego ' : t,h ' I ;

e qhe ke aBldF Bl 7 firhof SimPhdip sPEihdiempgrature
sensof dowastregie pbthe sesend Riixet ¢ meaguresa tempesaturect the seegnst mixed
fluig. Mmxed fluid to create a second mxed fluid. WO

2007/ 103184 PCT/ US2007/005377 28 8. The fluid m xing

systemof Claim8, wherein the third flow controller
ragu TE lel&idd mxingf é)&ﬂ??f)f Chentil] Wdelfeir'l.llihfdltbr&gédatlﬂﬁ setpoint is

. rhir ui ar get ow. rate. 9. . T uid m xing

adiuslel caSe oh g feieshulg 8ot Sbcancmffiugt 1l § 1'%
de-ioni zed wat er, t he _sec_ond fluid is de-ioni ze_d
e . . . l . .

|3 TR Bl b 20 PR R BT e
f recaiverthgitemperafise @F he_sesang awegAusd: and t he second

f lchiciatesa el figtfiuRNazRA MYR!Ete. using thd Rémpbrdinste 1B tHdGkcond mixed
systemof Claim9, wherein the second mxed fluid is a

fluid; §i | uted sol ution of the concentrated chenical. 12.
Theelctlate al newxtemgeswesetppint Ostgrthd temperatuee ot thepsecsndigrixed
fluid: dngecond tenperature sensor downstream of the second
"mXxer to neasure a tenperature of the second m xed
f PIRvide thg newhignperpturenietpqit toyle seropd conlipigri2,
wherein the tenperature setpoint is adjusted based on

th erature of the (o) i xed fluid. 14. The i

{181 d PRI HTS o1 BRI e Sho e s kanBUpher s confioured to
detenaimetthe kHirer fluid tazgatiflogumatdanidfirst fluid target flow rate based on a second
mixed fluid target flow rate and target mix ratio of the second mixed fluid.

16. The fluid mixing system of Claim 12, further comprising a conductivity sensor to
measure the conductivity of the second mixed fluid.

17. The fluid mixing system of Claim 16, wherein the third flow controller is operable
to adjust the concentration of the third fluid based on the conductivity of the second mixed
fluid.



receive the tenperature of the second m xed fl uid;

calculate a new first fluid target flow rate using the
wo eowpaorasur e of the second m xed fluid; cal cuPet/@Sm07/005377

new t enperature setpoint ugPng the tenperature of the

second m xed fluid; and provide the new tenperature

setpoint to the second controller. 15. The fluid

m xi ng system of Claim 12, wherein the first

controller is configured to determne the third fluid

target flowrate and first fluid target flowrate

based on a second mxed fluid target flow rate and

t dBg e flyig mixing methyid eareprisingsnd i xed fluid. 16. The

f lpvbAdifd 4ifingt f@x@sm%n&ﬂﬂaid%%rstfﬁa&éher conprising a
conductl vit measure t he conductivity of

t mx'gamwﬁ{'%ganﬁ sarend fid atine f\‘?td‘i"de'ntpﬁ?ﬂjeé Estapixed fluid;

Cinsgasutifg trmerr@leramrbe)furhu firdt i@y edt r o:cl er | sh_ ;

0 t entrati on ,of t I I

¢ Peo Rk ToR i s i B et e St By et fow rate
and fluid. WD 2007/103184 PCT/ US2007/ 005377 29 18. A

f |ré’¢tgatmrg‘ﬁ15 HolWs hﬁd%éli'%ﬁﬁ i B%he iR 89 0A td treﬁ{%arature of the

flul second toaftirst mxer, mxingt
first rixqdfiuid RO @ tamAeye 6Ot d, at the first mxer to
create a first mxed fluid; neasuring the tenperature

t first mxed fluid;: regulating the flow of the
f|1|93{]ﬁ"? mping Wsthﬁﬂfé%'%g&j fujther CoMpPESINg] i d t ar get
f ldetermiriing thectarget Aguirateiofi thet first filio baskd érhe fisst @oiddemperature, a
secord A e ek A A e IR G oy e i
targeffflow water xi ng nmet hod of Claim 18, further conprising:

determining the target flow rate of the first fluid
based on a first fluid terrperature second fluid

t &fpdhetflitmixing methed of Siajey 18, u‘l"g‘%@ﬂﬁés'ﬂgf st ni xed
f |dléteﬁ‘ma'ndg thef templratiinsedtgdintial a firt TGt cdntroller thiteregdifites the flow

T L m xi ng nmethod of C aim 18, further
Ofmefg%;ﬂ”‘gl 8 determ ning the tenperature setpoint at a

f iprexidifg twe teoperalidessetpdistt to racgacbad ewichetrdllendhat oégulites the flow
of thefdeeShid filidi d; and providing the tenperature setpoint to

a second flow controller that regul ates the flow of

the second fluid. 21. The fluid m xing nethod of Caim

2@1. FHet iR mBGRPMetodBf Shliki 21 f&rﬂ%rb@ﬁ%fﬂ&nﬂb %Eﬁm? the temperature
sotoff EBTD s B s PRt e T
further conprising: mxing the f| rst mxed fluid with
a DN dulid il mBtroR% dhi 16 furlerebRiphiing: Second
mixing the first mixed fluid with a third fluid at a second mixer to create a second
mixed fluid; and

measuring the temperature of the second mixed fluid.

23. The fluid mixing method of Claim 22, further comprising determining a first mixed
fluid target flow rate based on a second mixed fluid target flow rate of and a target mix ratio
of the second mixed fluid.

24. The fluid mixing method of Claim 23, further comprising adjusting the
temperature setpoint based on the temperature of the second mixed fluid.



m xed fluid; and nmeasuring the tenperature of the
second m xed fluid. 23. The fluid m xi ng nethod of
w@k@mAg4 further conprising determ ning a fiP&t/URIMBANS377
fluid target flow rate basédl on a second m xed fluid
target flowrate of and a target mx ratio of the
second m xed fluid. 24. The fluid m xi ng nethod of
Claim 23, further conprising adjusting the
tenperature set poi nt based on the tenperature of the
dfluid 07/103184 PCT/ US2007/ 0053
35 e T e frimor s Chalfy i e PRSI0 S(BIRLIRG frst i
targetdlmmate;bargadam‘] thettempetaige fof thet seficbnd dhixedflgdt fl ow rate
based on the tenperature of the second mixed fluid.
26. A fluid mxing systemconprising: a hot fluid flow
c @At Adluid mixipg systemsiompReingl ow of a hot fluid; a cold
fIamdtﬂﬁuhqwmpé&mbnérltercohﬁolqn@hmlofbh\et fihigw of a cold

a first static mx oftheflrst
8ot T oy, SRR 1 PRl AR el &SP DI 0 11 ow
C arfirstatatieymixer deerstreant bfethé ¢itst hbtiiludd flow@ehtrelldr aed ¢ied cbid fluid

flow CthHJﬂ% ?{Fgecgl\)é tftg ﬁong}l? Qged\%) h@ cfolcytltﬂa aha miX 'trfeatt\oq afd cold fluids to

uré sensor
createjamixed fMedit he t enperat ure of the m xed fl uid; a

CReRied Fuibl toMpeRItire Yehsér th Qle&‘?r'?ﬁrfé’the tt&ﬁpér‘aﬁ% %f th"é mixed fluid;

chem cal ; _a second static m xer downstream of
c Retemisal flow copipler de cantrol he fiaykof 2 premicaly ¢ m xer
t @ seeond ematit ndxeridodhstrbamaf tHecerinvealtfloa einerdiieradndane first static

mlxerge )lr(e%tetl]ve Wgeti h&ih drgggge %ﬁb e%bg%pa%glm& ?hé: rrn%?edeﬂuad arEd the

atur e 'senso
chemtcabtgmreatelaeillutamrut:mrend)f the dilute chenmical;

WaCdHehdicdl 'P&nﬁéﬂaﬂa % b fté M3 Ha!the 'térﬁ;Ser?fi’}Fé BP he d‘ilbt% chemical;

flow of the based on a cold targ

f1 ow rd‘{"@'e'"é'b?rﬁﬂﬁlﬂé'ﬁ’tf&” eentlefer at ure set poi nt to t he

hot fluid fldntrerithée AbleF the ddiefiliababédibd af doiuid target flow rate;
controll er re ul ates th fl ow rate, of

based on t hé® tFﬁF COREHH R SCRRYt %ﬁ’ﬁg?"étﬂﬂ‘rdjl%’f controller;
t he m xeehét fluud;lﬂowmdntrdstbr odyutatesitheffloswrate of thelhoefluid based on the

tempé‘crﬁgﬁr# g%t?oﬁ'\r'gné {é?ﬂﬁétgté)wgtrtﬁg %ﬂ%&@hdmg’aaﬁ'ﬁp on a target

m X1 ng system of
d ai m 2ee chgiaical flow penteaipgeantigiscthe flew of dia ekgmigal based on a

targetdéhepiicdI ABw ratet ar get nmixed fluid flow rate and the
target chem cal flow rate based on a target diluted
chem cal flowrate and target mx ratio. 28. The fluid
m2Xi ﬁ@tesfyuai miRigg syStem of SRim@écewbereir the codd fiuid flowdohtrolier

deten?u%ts Qﬁﬁq 'Fh&g%tte%doﬁ% EL éet%hgﬂt %I ﬁ&v r‘% e%s[e&%ﬁ a target

tenmperat ur
d"Uteﬂéhﬁ'@tCét ﬂﬁ%mtﬁﬁédﬁ@%éﬁmm it target flow rate and a
target tenperature. 29 The fluid mxing system of

[ reln et__tepperature e tar e
2% rthe flui ?xmg sSys em otf %a m 27, wherein the colA ﬁu:d gow congo ller
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.

29. The fluid mixing system of Claim 28, wherein the target temperature is the target
temperature of the diluted chemical.

30. The fluid mixing system of Claim 28, wherein the target temperature is the target
temperature of the mixed fluid.



tenperature of the diluted chemcal. 30. The fluid
m xi ng system of C aim 28, wherein the target
WO eovpaoHsure is the target tenperature of theP@i/xem07/005377
fluid. WO 2007/103184 PCT/ 382007/ 005377 31 31. The
fluid mxing systemof Caim28, wherein the cold
fluid flow controller adjusts the tenperature
setpoint and cold fluid target flow rate based on the
tenperature of the di I ute chem' cal. 32. The fluid

X em of rt . CONPIi SiN .

3 fudBe TV GRre ste™ B Chip A hSfo ARSI iy gpproter adiusts
the temipemturecsetpaintiand lerbﬂwd target flow taje baseden thel tamperature of the
dilute\%ﬁ@mc%ﬁl 33. The fluid mxing systemof C aim 32,

erein the chemcal flow controller adjusts the
concentration of the chem cal supplied to the second

Stsat The Whi@ﬁrhixh'@sﬁfét@ﬁ] ot BRIm Q[epmﬂmtef &brhynswﬁ b leendlidtivitesensor
nu | exi

downgiia Shine sSaans PO Gt i MU S oaﬂg%ﬁaﬁb@'qg? §iiute chgmical.

a plurality of target devices, wherein the anal og

A g OB R0 3 B S5 BB BB T rfotr it

the concgnmthnzpf itheithericak supalied lortbe seeongbstatiemixee bam omythe
condUckilifyf of 3R Bkt Etch&ﬁﬁcai he first target device is being
represented by the analog signal; saving a first
set poi nt val ue asserted by the analog signal at the
fngStA ﬁ\éﬂ@atofﬁﬂmiipﬂéxlﬂ@anzfjl%fﬁﬁlgsmd c%rﬁ;bwtfmd:rﬁt set poi nt
i ndi cato od .of .Cl gim urther .
cSRBFRULeLer Srade SRl PR pibeal i el dedsis, Bfrein the analog
signalsrepmsents multiplesetpoirits; a second target device to

| %h%@#&%@&@%%% &?Jr%%ha:%‘?é( o tBQ%iaB %&%9[‘8 indicate to a

set poi represente
first tagget @u\ﬁeﬁgataa @étcmmgteior) merﬂrstvtargﬁé dayg%ﬁt@rmewwnted by the
anab?rg nag signal at the second target device in response

0 the second se int indicator. 36. The neth

crayiRg gdi fs‘vﬁ?é‘?"é"tﬁp"?“r?easrsﬁﬁg‘# by e 3n3iea F'&Bi"e%‘é’?ﬁ @rSt ‘afget device in
respohsepehatfisstsetpp@rit padicdtor. 37. The net hod of C ai m 36,

wherein the second setpoint represents a target flow

rate. 38. The nethod of C aim 34, further conprising

t Bandimetrnéthgd ohEladmt3dofunther pefnpadging: on a digital

S isQB%T}QHgy trXRrgQQ\yéLQéﬂnﬁé <Bfpbi M&?&Q@@J&or‘& ?arégt device to

Claim3 wherein th set 0|nt|n|aor
mdnca&,}ppt,hpﬁgo%@rgﬁt dgyice thqj,at second setpomt is bemg represented by the

analog signal; and
saving a second setpoint value asserted by the analog signal at the second target
device in response to the second setpoint indicator.

36. The method of Claim 35, wherein the first setpoint represents temperature
setpoint.

37. The method of Claim 36, wherein the second setpoint represents a target flow
rate.

38. The method of Claim 34, further comprising transmitting the setpoint indicator on
a digital signal bus.



40. The nethod of O aim 34, wherein the anal og signal
and setpoint indicator are transmtted by the sane
wa@oonadiBer. 41. The nethod of C aim 34, wher eP@I/UB®07/005377

setpoint indicator is transkitted to the first target

device during a tine period in which the anal og signal

is asserting the setpoint value. 42. A systemfor

mul ti pl exi ng anal og set points conprising: a naster

controller; a plurality of slave controllers connected

t Qot I
| o PRI oA 9! e 3BhAP SRR £ 285 o o mor
bits. the master controller; and one or nore digital

conmuni cat i ons Iinks connecting the plurality of slave

controllers to the_master controller; wherein

nf8t dhe M5thodef %'P"’? §4o‘ﬁ'é‘?’5$5‘| the gpalog signahand aﬁpansme@ator are
transrhittgd Yy thensdrhe catedileg comruni cations |ink representing

a plurality of analog setpoints, wherein the

plurality of setpoints are tine nultiplexed in the

anal dpe sneyned of Claam SAi wherein the tsetpoind didicatonis treasroitted to the first

| .

taroetHexlcBRBlind Sk Pt HufHifthe SREREN G KiSeringhe séioint valve

and transmt a second setpoint indicator on at | east

0ag. Afsyklefn fbr GhulBPlexife BRAIBY edlpb@is carhprieing:0 a second

sl ave controller in a second period of tinme; wherein

t RS BG e nal represents a first setpoint in the

farpmrambf sldve tontratersacuhnacted do thedmastep oonttollen t he

BBl s s B A ot G et o v
mastey gpoiealler.and The system of d aim 42 wherein the first

ShAY r AR ERlthRlontRumcdtions tinkd éUHrfé‘émé el Firality sfab@ controllers
first set pol nt r epr esents at en’per ature set pol nt.

to theT?%‘*‘%’)Fs"(‘Eﬁﬂ'%f Clai m 44, wherein the second sl ave

C Qihiarer u@rmageacaammadusfdpewme:mt roller and the second

set poi resent t w rate. V\D 2007/.103184

T USIEOY A B8 310550l of e, a5l B GiuniGRusHy ik 88kEEnting o
pluralifhefrarialog sedpainist whergirt the plurakity of e¢tpointst arertidiec@tittiplexed in the

10§ 9 5, ses changing a state on at least a first of the

anaog @g nor e di |taI communi cations |inks and wherein

trans m"?f‘ﬁ'ﬁtj afifet safpainidndieatpbem at ipast gt ofithe digfialicoaynunications

links t@hﬁélﬁigngatae F&rﬁidﬂeﬁfﬂl first b@"tb‘dofallr:@@ﬁﬂd % t he ?ne o][
nore diglital, _communl C nKs e S
G o m ABn Gl HeRT REPpI BRicakdt i ot ddhist & of ¥ ARRT e

communicationss linksvaaisecond slafé psrtrallet § i@ seconderiothef imej og

Sgﬁ:@%n b ér?a?%’é‘i?ﬁ%@pr%@&r}é' otk SRR iR the A ;gé?'foﬁrof time and a

erei'n the secon
sewr@eﬁﬁtwtu@gmﬁ@gw@aw 6ftiBee a value of the second

setpoint fromthe analog signal in response to the

seco set poi nt
4%. q'gne syst%m gf Claim 42, wherein the first and second setpoints have different
values.

44. The system of Claim 42, wherein the first slave controlier is a first flow controlier
and the first setpoint represents a temperature setpoint.

45. The system of Claim 44, wherein the second slave controller is a second flow
controller and the second setpoint represents a target flow rate.



indicator. 49. The systemof C aim 42, wherein the

first setpoint indicator conprises one or nore bits.
w®007/ThEssyst em of C ai m 42, wherei n t he seconeCT/US2007/005377

setpoint indicator conprisé8 one or nore bits. 51. A

conmput er program product conprising a conputer

readabl e nedium storing a set of conputer

i nstructions conprising instructions executable by a

processor to: transmt a setpoint signal over a first

a1 e TR ol R B ool B s SR gtcoy
compgssspaiangingradstatet asy ats!¢fgﬁ’4 alfirstof4h¢ pne or mereydinitalepmreunications links

and thQFHu? %ﬁsﬁrﬁur{gnﬁe Sbésid sét;?éngteih idster SSm‘bhé’és éﬂé‘ﬁgﬁﬁtdo%féton at

Ignal represents a set pol nt or the Tirst target
least %ié?‘FQf@ 9fihe,ope P%E"meb%'g|t‘t‘id:°6?m‘ﬁ'%'°“§|'f8k9( ransmt a
second setpoint indicator signal to a second target

deyi to |nd| te t he C deV|c

CRE JBeisupiet ol 38 oreinine PR slapaeNES R porigured to save s
value ©€a dirst sktpoird fromdibe ianalogrsignad arcmdomm-;r fodhle 6ifst setppint bdicator.

The conputer program product of C aimb51, wherein the

setpoint for the first target device and the setpoint

f 4B. {The sysieonef Clainyd?. whereindhe geeond slave dexice/iglogatigured to save a

value %3 thel$¥20R@ SRipbRH frEfOHE ARhIBEYHa irtlespdriie b e sddiRiRetboint

he setpoint for the first ™ target device is a
'“d'ca@cé'nperature setpoi nt and the setpoint for the second
target device is a target flowrate.

49. The system of Claim 42, wherein the first setpoint indicator comprises one or
more bits.

50. The system of Claim 42, wherein the second setpoint indicator comprises one or
more bits.

51. A computer program product comprising a computer readable medium storing a
set of computer instructions comprising instructions executable by a processor to:

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

transmit a first setpoint indicator signal to a first target device to indicate to the first
target device that the 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 setpoint signal represents a setpoint for the second target

device in a second period of time.

52. The computer program product of Claim 51, wherein the setpoint for the first
target device and the setpoint for the second target device have different values.

53. The computer program product of Claim 51, 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.



