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WD 2004/ 053404 PCT/ US2003/ 039175 METHOD AND APPARATUS
FOR OPTI M ZI NG REFRI GERATI ON SYSTEMS RELATED
WORBLOSAT ONS The present application clains betEUS1009639175
priority fromU.S. Provision Patent Application 5
Nos. 60/431,901, filed Decenber 9, 2002, and
60/ 434,847, filed Decenber 19, 2002, each of which is
METHRODSEND APELRRITH FOROPTINMIZINGREFRIGERATHON SYSTEMS
_FHE_F'NVENTI’CN_Fh__——t'__"—f‘__F‘T—'t_—Fh—___

€ present invention reflates

I systens for optimzation of 10

fAﬁazgﬁr a{w %E@)g@s@ggn oper ati on. BACKGROUND OF THE
Ifhhlﬁdiérﬁ]hlplblmaham glelmmbhmsﬁt ofpristpremsy St Brevision Patent Application

Nos. 602{ded 1 o R D RBPG Al 2o 20530 B o P DRERR G dBn 4@ gt of
which 1§ %qﬁbé%[y 15&:&%81%&‘%1‘11%%11%%’ kdF88ncd. | kewi se, loss of 15
Iciency may lead to increased costs or even system

failure. Chillers represent a significant type of

I nce they are energy intensive to

8 raﬁgﬁﬁzﬁgﬁ@@ ect to variation of a nunber of
PaE preséiR isvenhibic feldtey ﬂolﬂﬁeﬂﬁddsﬂiﬁeﬁmdefaﬁcﬁ syseames/foanptimization of
capacity. The vast majority of mechani cal

refrigerpldqr §Y§FROREHIBy st ens operate according to similar,
wel |  known principles, enploying a closed-Ioop f|UId

circuit through which refrigerant flows, with a 20
WK@R@RW@Q%TIHE&NV@;MI \ typically a conpressor,

@{/%\f%;?i n Ez{iecagotgyiosxe §§f ?C%F{,] %{ay(%ﬁlal clngir%aﬂ?\g%ct bF gé@ &hns. Even

small ifBploREmes EFQPt&o efﬁméﬂ@? ceyRpd Ec&il@ﬂhﬁcirﬂ lcostsavings; dikewise, loss of
process. In a common type of syste fcussed i N nor
efficiengs miy| ledgletp m@re%%c%wsﬁ gysteni E’cﬂ n‘g‘%} lgis represept p pignificant

type of Elgdl’}llg'ér ﬁg%ysﬁﬁﬁg %@B%g%&%é“&e?g;l M{éﬁ% L ﬂgd)ferat@" dnfiafe &b ect to variation

el ther si'de I'n a separator
of a nupbeat & pafdneetera twbichanflerica eydtéro wifididncy agh caaeity.ubes, and

gfj{'e é/ira.gfé’rlalé et{y% %nteia 205al S%Fg?rﬁgc?r{]%r ! owp%% e afﬁ%rdli}?g to similar, well
known SRRGBRS SmpI6FHRE ¥ %sémtoopqﬁﬁcﬂ gesanthr@ah vﬂﬁ@mefﬁgelam flows, with a
conpressor, where it is cooled. The, condenser
source af weochsaicel ‘tn@t@s typigallE: i cam@ressasy ProXikRg e mative é%rcw ﬁOH pumping
wat er wh f I
et s P DRG0P 1 SRR EE ol R 001 e oo
for use @i @yitdeysst dn hlkembmttppa ofm@rstbﬂmedmmdﬂmenore@htaﬂéeldw ithhe evaporator

s o o S0 P L bl B SEARGER) s TRpent o

either sARLih%&e §ttor WP iITHE FQBrhige fIBVA @lﬁbﬂélpﬂlett@oefs fkﬁld the refrigerant is
condens e conpressor typically requires a

separatblwlpm\aéﬁn‘t on ﬁhn ouiSdbroftﬁ@ tpb@wwytém tag éﬁﬁ}ﬂ% life and
eration r
p[%ﬁrc%% et recejyes ho (I)]]V\1 refyiger %ﬁ%gﬂ@@ﬁ%ﬁ 115940 v@l{é‘f‘(?ﬁ is dddfed. The
condenk@frhdygfscitve tdbey,Swhial a@i, for&uﬁmp]lesﬁmmwnlﬂ e\dtdr m}ﬁcdeﬂows toa
to the _conpressQr, and a separ rov]%ded af

cooling (e, o Bt GO FEeeapUIEnings U8y et favpy Saviy lothe bottom
of the MH@H@H, Y¥uhefe1Bis QY %&%Wor%ﬁc%%%’v%&%ﬁ

The compressor therefore provides the motive force for active heat pumping from the

evaporator to the condenser. The compressor typically requires a lubricant, in order to provide
extended life and permit operation with close mechanical tolerances. The lubricant is an oil
which miscible with the refrigerant. Thus, an oil sump is provided to feed oil to the compressor,

and a separator is provided after the compressor to capture and recycle the oil. Normally, the
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-2 gaseous refrigerant and liquid |ubricant are
separated by gravity, so that the condenser renains
wo edoawsisel y oil free. However, over tine, | ubrPCRUSIQ3/039175
oil mgrates out of the conpressor and its
| ubricating oil recycling system into the condenser.

Once in the condenser, the lubricating oil becomes
gaseoultefBderhitahdiifagid lupieht 84 sepfritd 8y 3RlvitAN® that t@EdHdeskel femains
t he evaporator. Since the evaporat or evaporates the

relativelppilifiser Howevernevariiprd, bdricagnoeil magreiganitalidbe eqmprgssor and its

. . v r.ator .. T Il t C .
i 48P 8L S RGOl d QREIRB 0 B
becomevaped atith the ligheted refigsRntarbis @stric8 tie theasaporitot. ubidce the

evaporators, a _small nt of oil enhances heat
evaporyioR RETPBFates heITSraze iy (BF SHIopaRE P BScHuIASs B hahotiom ebthe
evaporgidgh as nucleation boiling evaporator tubes, the 10

presence of oil, for exanple over 1% results in

regudkid theetaporesasénsis to Beleble, Sod fergwsra film o thePeallg of the evaporator

Y I -

and is feRAa8 Hahdfmli M &ha&ndaedshsuchie nasldatidnbodlidd ¢vapoat tubes, the
ASHRAE Trans. 1989 95(1):387-97; Thone, J.R

presencecyiraik ERenampls ovReF otsyHanndegysed bert frapgenvosl Pehiager, LM., Pate,

MB., FRUBEE! Ak LuBrheak 080T Msuses etk ok R epAGHR

Evapotakioh andj€ondemsdtiosiis afSaxootlofazeatd Mpire-filréfube ek FMR AE Trans. 1989,

" ASHRAE T . 1994, 100(.1).727-7
9513455 B 55me, IR nprheiiis Thetyeramtir APB(plR L Mp2efhe
RefrigG M INMrceEn 20 MiSHEELTIHEY SV AT LI R e ftfardhWR SMERISE) 1995, 110-126;

regul ating the tenperature of the %gs.phase in the to%
Poz, MofY .t Ateab Uaghunaardinadysisdos Npaeasetenic Refrigsyant digirerg, ASHRAE

I S igwd (liquid level) within

Trms‘?ﬁ%é@é@&?éf%%&ﬁﬁ% 9|rsosggj’on the 20 system

i Mesfeipaaton syReney typicdlyi comrullddnita sidtemademad ar @teasf two ways: by

changes. Higher heat |oad wll ingrease tenperature
regulafig tb% iRt e &3P _eaeéa,vtﬁfhﬁoa Rb el aRPraiPF (106 &He%ﬁeor by
seekin% &f Ireitg&iﬁfeQHé al&int Y liﬁuitd'éﬁguid 1@%(13 Wieaf thevapafor. WG¥hdioad on the

evel's. For exanple, US 6,318,101, expressly L
systemjinereassarthe eqhiliaiven witbin the teanoraser changest dtighay haat lpad Wdblincrease

for c r.ol Lin el ectir.iC Si1.00n val ve sed on .. ..
tempergfifes i M ot e A EUE s SXRARD R Y o 283G Ep et

and leaslag kewérdiguitf levelt.he | evel of refrigerant in the
evaporator__and caontrol the systemg\%ased t her eon,

vior FEApple im0 8- L0 ofikpeessly dergipryated heisit otefeaepce, relates to a
method"RR Eﬁﬁroelliﬁ§ At @k&ri¥ @ﬁ?a%@io‘ﬁsval\)_éma% 5?1; c%oﬁér Ipﬁ%ﬁ%é{ dtshdee
ma of the'e

[
to determne the opt posi tion ectroni c
superhestpdhisisgstemakales,to ider bpldvel dfaefigstanhinpbe Evapreataegndtdoatrol the

ro di scharge superheat, val ue, and.the appropriate .
system BB haiPut o Ele g RREL 1B s el SEP ol BRB G e varables
which & RIlegSsyuded @Dﬂ&@t&rﬁh@ﬂleh@ﬁﬁiaﬂf)@itiorﬁ& thetleEteRfi€expdRsion valve, to

Patent No. 5,782,131, expressly incorporated herein by

optimizecyaieBmireaionn@ics: ¥s prependiselaags Fwedentofilusy andihe papiongals
refrigelfahp%?&. e laI%B, W TP Nb%'lgl ,bﬁx %!{pl%gs'f&c‘ﬂl%orporated herein by

reference.
US Patent No. 5,782,131, expressly incorporated herein by reference, relates to a

refrigeration system having a flooded cooler with a liquid level sensor.
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WD 2004/ 053404 PCT/ US2003/ 039175 -3 Each of these
strategies provides a single fixed setpoint which is
w@e@sosrm to be the normal and desired setpoi PCT/U82003/039175
operation. Based on this control variable, one or nore
parameters of operation are3varied. Typically, a
conpressor will either have a variable speed drive or
9?1 et tRdse %ﬁ*ﬁt‘eé@é ﬁro@ﬁgls & sﬂl%féei‘?xe‘ﬂ*%bﬁ)tiu@ HiQct pHR&RRH S be the

re gerant fromthe evaporator to the 5 conpressor.

normal aitcb@@un@ skipeintior hEeletlmpr sé pn this pentrol Agdatle, onalr ypore

desi.gns hav.e [ | Ie ex
pramc S E AR R A SRl AR e grco
drive ord 426 bﬁve{i‘ﬁbllél gm&l@é wiiah idefddce gastebﬁs feﬁﬁ@rﬁﬁ Iﬁ@neihe reeaicdator to the
are controlle

t oget her as an inner. | oop mtai1
compregsqe 1laesh masiulaje P ADTBTeAEOTOH P eA&éﬁtlﬁflaﬂm?ﬁP% dpsigns have a
I t r e
controll%ﬁl]:: k{ﬂﬁfsfgﬁe\?agt%l l%é@é&?éé%ﬁ@@?nstep Qﬁ%%@%@ra @ﬁﬂedg Ingeer@% Mingle main
control camdblen the enpériag elementanct dongpiédiogethtisasra. iveatodpriomaintain the
nV| onnent while evaporating (changi ng phase)
Contml L‘J’ é‘? ¥PYRGI conditions. Thus, the evaporator

EPViLAIQBARREantsSare SiftRlaAELs tHktibhae HBAETing Point Qd?d$ﬁeﬁc51feﬁdmg@>ressure)
anot her location, the condenser, where the Iatent he

below thé desq,rg@ opolng temneatire [aag therglpye a@éqarg deat from éh eaeégigpgment whlle
evaporaélgﬁfg hl’?'S gltng gﬁlg zﬁﬂle?% % Q07 @811(3{1?:% afgls. rtﬁé ofalttorvén@u onment is

fo an er area. many type
cooled, SiElediFst, is arafsfsirediol arothef focgrumaite qondariselip SVhana th&latent heat of
evapor at or_ pr.essur as hgfgﬁe as. poss

vaporizgiiopasisherh 1%f:rargs ﬁalésﬁ 3 y@segzap%raéé%n f‘ rQmope area and reject it via
condenBRR8 iRb %noﬂﬂbﬂﬂe@vﬁﬁﬁ&@tt%esﬂff e5HHNE S deBPAtle RifigkerMapesvides an

ensities, and thus a'greater system heat transfer
evaporatapaesstiye a‘sdnglaasga)wshleca@dmt@gg@moum,\,geqp@densphgressure as low as

enc t t he hi ,
posmblgsgég& eéllap g USECES %}ﬁ% h% ?%p; %é?lgg% 611(? %@E ﬁ ggea’uﬁ system heat
transfeﬁda?ﬁdl@afor REREA YbRpRksdrh Homﬁzen ﬂ&rﬁﬁnleno’ﬂ’aﬁe thevB gl [pressures is

icie of the refrigerati stemis In uenc gr
lower, peinds Holie CPRERSF BFeseiS SBGERIE T ophTpare of h fefigerant.
MR RG Jan\é?ﬁﬁ&\% P XNeRGe Sion SV abR s fRgedmE by MREANEanster

esul eff1cClenc since tenperature
coefﬁcfeqtsldf itloer xaspe@tw@ lsealt mpdmang&ﬂs meyaﬂmmag empedappryeatliyia lower

erenti al be.. mai nt e
i S PP o B P s
be maihtBGe8 8 fhievadth@san@shat tr@fsfele Mhs hes tansfehienpedhice gehertlipincreases

heat exchangers, although, in sorre@gtﬁ ‘Eﬁ?’f heat h f
as a resuft i dppasits pagharwalisRfies gt HYcheRgers giheyRly ipsome cases, heat transfer

may be 15}%%\%5"5 S&laﬁ@ é?frfa terﬁﬁleﬁﬂs lfd/0f2n BEELhger ant s nust

er requirenents as best as
Mﬁgdmﬁs mmsﬂ satdsﬁygt nundenphethéi neqmyemmmsd@msev@g@ble including:

rlc nts and t materials of ¢ rueti
compaﬁﬂg? g?l’pﬁl&SSOé I‘]ﬁ%ﬁfmc? {hg){lilaé?re S o Cr? F%c%%%g) reffrlgeratmg
equlprrf%ﬁf %&&&ty, eRtormYeRtd] afFbdtl, st a&@ﬂa‘tﬁﬁﬁyeﬁnﬂ safidte The lﬂuﬂd refrigerants
frigerants conmonly used toda% typically incl
a

commdméﬂ m}éﬁ@daefdy}anaﬂygaﬂtld%malygq@ﬁieé@é pigiglly halggengted s, including

chlorot?ﬁtypgoc%gmqg I(Cfp éro bo%a x&&@sgxsc&% s), and less commonly

Foc ons ess conmonl 30
hydroﬂluyﬂfcaxfbbu@(mé(asr) bmdl pel(ﬂltiﬁﬁ&airbamj(ﬂfé]sb | Aowoder bﬁwtbel(l‘éﬁ{%)ants are
nunpber of ot her refrh3 nts are known |ncI

knownplg S PAARADE [ iﬂBBIé’F NEES, omgm% eran S arg gdentiﬁed as
R11, Ri€/RIDRRBO! shddt 502 @&Btréﬂ‘rig@ﬁnﬁﬁavmg characteristics that make them suitable

for different types of applications.
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R 1, R12, R22, R500, and R502, each refrigerant
havi ng characteristics that nmake them suitable for
walkdofesant types of applications. WO 2004/ 05348d1/US2003/039175
PCT/ US2003/ 039175 -4 In an industrial chiller, the
evapor at or heat exchanger i-st-a | arge structure,
containing a plurality of parallel tubes in a bundle,
i b iddustria PEIREL, ﬂ@%ﬁ@oré&@f‘ﬁa‘t §kd]!1ﬁn§’er§§‘§ e sti@turd ‘&Hhﬂlmng a
refrigerant and oil forma pool in z(%tomo
pluralityp4 paialeldpbesyp |a|hun@eamh1@@dmigﬁqus5@ cpmpe@na aghelt. hEher liquid
reﬁlge%ﬁ%%%gﬁogéa%ggggl tgﬁ ft'c;}ﬁl ) ?g gfyleggﬁggt Wﬂsooﬂﬁq%salﬁ?‘ ogllilﬁ:g]thg%bes and
their cqmmnbse dnside #ratibes ar ®gicoms mbdnm, shvh ablbrlﬁe, dﬁ@ﬁla&stah& is cooled,
dustri al roc Such an. eva r .mpy hol d
which 1 ok o0 PRGNS FESN SRetADs BG SHOTB e A S RL BTG Such an
evapordftbt ﬁa?ﬁol@‘h%ﬁdﬁe& Qle’dhous(éthﬂ&‘)‘ﬂ AlloRPoMRuHAR: m&hﬁﬁ%\/lﬂl an even larger
evaporation of the refrigerant is a necessary part of
cuculamgevqinmce Sice ﬁh@OTﬂtloqu ﬂleﬂ@frrgeg@t &ra negaghany partmféhe priok¢ss, the

i s, also known to
liquid rsﬂ-ﬁéaié]?%%c}? mﬁlﬁf@z 1‘?1?1';3 V?P?fﬁtobr chiller system
rhae Wbikngwa Yo pém@tﬂcallbz@ufgefarﬂe@egembntoh chillghsylsteen, sy temg purified

tg]llﬁean the system This techni.g however,
lefrlger@@h e yhep%yﬁm tg clganhatysieat- g@n% %b%}ﬁ% hoyekgrs pigrally permits
rather 191%@&1&&%11 rh Bt el sﬁﬁncmlrmam&!ﬁh | RIRALHCE costs. Further,
C Furt this techni que generally does not
this techuoikne géredyty ddeanOHmbn@NkégeaﬂnaU}benenmm optonundnan-zéreykelvel of oil in
of oil i t he or at.or _an for.example, the
the evafgpafingaiyrtor Sigwe A5 BiBEsoR o Rhichl Bl Gply Gesefgapoduce o
“clean’Bsystefi, @@ich rﬁy;sbeembomhalh syt ReinStHatRtdl BBdnges silidra6itvidifyg,
i ncrenmental changes after_ servicing. 15 Refrigerant

Refrigepqng dfomn # effigyalien systemsgpay bwqeﬁ\yn%orr 18eYdehte geprrate oil and provide
clean 1éfﬁg¥&£teﬂ1 4 Rlaﬁx‘?a‘? i{ o%%& tﬁétl re%{ifés@ é%é/ﬂa dfaGlfan

erant, s that requires system
iIﬂJpaicrmNo 636ﬁ;§t7 é,rmipMSslyGn@ﬁS}ﬁhr&Ea herexpryeesdrgnce, relates to a
Ncor por a d her erence, relates.to

rofrigedp I BRI PR LGP SRS Py Lo AP A OR S RE BES

MeeRyah tief evﬁﬁ@i‘aﬁ)@ REAEH EARIBmURSE Sincd TR MAkik defgh I8 no inherent path

evaporator tends to accunul ate, since the basic design
for retupyzigg te qihinehesimp af ey anpomnisgp exeass phiba gptimene therg eretgheerally

C

reduced Y ki AL HD SENE RS R bl SoRRLIRE i REE R Py Thus,
bu1ldup mfdalgaslumglt&ls bf mﬁmgmmtt lodltwidin ian evdp@ravapidl @tiade. effi¢ivscy of the

bui | dup of large quantities of refrigerant oil wthin
SysteM.ap evaporator will reduce efficiency of the system

Ii-tihé B&; é’e%\{hé?ye& gFBVidB 1oAY hER AL Rro POt dAYAMS SR

r eflrl gerlant oil fr olm t he 025 ref rylt glélr gntéfe%{?ék?tl&nlﬁ ¢
refrigeratgnintiagdhe eVﬁhQ@tpfd @hﬁ@@bVlmEimh@e so-~celddd (Bbech]ctors which remove

oil and ?eqﬂg%rgrgc%orﬁ{wﬂe etvaPcHa oY G Tﬁlg.’llgg ﬁne 0 lrt?)&fé gﬁ%\gm f ra}())cr)rr]a ela refrigerant

to the c&mpﬂa@ﬂcﬁt dtle Ii@‘fﬁct@&iyaﬁ thest GoithRoGORBIREE@Viced eypically as a result
i nefficiency of these continuous renoval devices is

of the i0g1of {he£yagorales hy p Popron G dhapfagssinkndpofenially a heat source to
vaporiz€ %ﬁﬁeﬁﬁ@ﬁ)ﬁﬂm@ﬂ tifd 1@ngtefaﬂf‘t00§ep£1}§% thebiil 9RERRe, AR ?Iflaﬂ proportion

pO entia heat “source vaporl ze or ﬁartl
of the reffigerant Ie&h!@g thefcondpasamnast loe Sbjeatedite thihprooeds, resulting in poor

control Epgﬁ ?efvgf frthd Q\lza%oratoﬁ rg‘ﬁld le Aliet c? rIcgss "here is no adequate system for

controlling the eductor. Rather, the eductor may be relatively undersize and run continuously.
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30 of the refrigerant |eaving the condenser may be
subjected to this process, resulting in poor control
wo@booaiok34bevel in the evaporator and effici encyPdDES2003/039175
There is no adequate systemfor controlling the
eductor. Rather, the educters-may be relatively
undersi ze and run continuously. W) 2004/ 053404
An ovelzl 448200 3/oQBBe A8l ativaly MefRMiehts biAe: B8 Uedt I viguHzatibeis not
-relatively |neff|C|en¥ since the heat of vaporization
efﬁmenﬂw&ﬁ@dmt&?tﬁo@?@ntIy used in the process. Another way
V.
unq%?}%)é? t&%ell%o:v‘tél%gi‘nﬁdgg tife &Q@%&{o&)ﬁs aogmm ér”f& gﬁeﬂrng ﬁc%r% ortion of
mixed kduid irefngdsmmmndminatﬂm eviaporatoe tco:mmm@wsqr wheneai the bHas subject to
IS.subject to necha

the norpg| 5SRO SHEMED e TG B TR P G RETeR G 1 il to

controld 'Fﬁlf’th&ulttls &1%&1@&5 ra@lhevé: Mt NShtaid fow §il 8bdckhigdtiohs LSing this method.
achieve and maintain |low oil concentrations using this

ﬁc& Pasent NaJg,23319%t expecssly in@zp@ated h@;@m l@g@fgyemce relates to a
refriger:aﬂgrff fr; ﬁr atlﬁecgv %ﬁte%’v)hfcfh lhfd”@% hléﬁéx% s%f’e {)I\lﬁ Iaég'ﬁx eductor motive

I on er oi ery-s
fluid. SdERlRY SJSfPe@éht NOSS@UT(EZ&G 4ndas7 &9 ed Hx;presrsly‘[inbd)merata‘d heireln by
See al so, US Patent Nos. 6,170,286 and 5, 761, 914,
refereng&pr essly i ncorporated herein by 10 reference. In both
tIH Sotlﬁr’lqﬂgéafct&%ﬂ%%\ﬂr@tas BSoil RS eNtichche§ Yok le'V@l@Qi@%ﬁdﬁWl%, 99% of
'eve 1% 99%of the fluid n
the ﬂu1§éa|amgasbpara1s is Efmgegaﬁdmdlng @aﬂgmﬁcm lasp gﬁplfop@% @?ﬁm@w

S _not ed ..

3B B3R S LB B B BB R hoprion

the evapBRERNWsahd Rifrigetant bbRs, @Vlapataiu@tion ﬁ@rdabkﬁ ridkrafores ﬁmbﬂ
oils, oil concentration jncreases. 1le‘r{efore the. o

concentrtiemness Hiertap PheneigcieRtishighen thap e bk, Hgwekst 23 e boiling
liquid u%e{nhgﬁl%geﬁeﬂ?esk&uﬁ adONEY Rl sa Jhgﬁe&%ﬁés'dﬁ‘ﬂicu tiof Hhfbssible.

churns, 1 nhonogeneities occur, ccurate sanplin
Furthed) @donetsclehic tHait tha:l avemge btﬂ;kas]sqobbmtratiﬁm istshmeaningful eontrot variable,

TR R T TN NN EOE T ARY N,

oil con@éntltahgn Qf Is a0 diffRuM 8 hebisir& MRRATVRRE SF refPigef@t ir thb %vaporator A
ficult to measure the oil concentration, it

dlfﬁcuhy ebmeasurdneant of the ameaBielectigaraakis samperndedsty] tb%f@&mhat quring
operat%ggdlc}% %@ag)gfar%erﬁg bofﬁng Qltu‘fl jfré{h'g SML%%]H%% ?&Iﬁﬁﬁ(ﬁ P gys{eﬁﬁshutdown
must acbouhiYr aigpeangs mrdlsthhlem&yﬁpbﬂf eefidgerirg bbmdenml@ (athet system
froths; neasuring the ambunt during a system shutdown
COMPORRIEY: account for any change in distribution of the
efs idnO&h At tIREMBRRohiBioRS B8 CLENELRAD hat O m%‘s@ﬂ{tﬁl effdct on both
iI's known that the chargg conditions of a chiller g
systemtvapasity ad bstem bperhting ¢fbicienah Goitibusinit thy smemicefdiguid sefrigerant

in the eg/%c&a S%sfelrr{%q ﬁ %t ﬂiggyﬁgﬁé:céﬁl%er%%){eet %ﬁ%o?%% 6%&’;,%% %n& !I'ﬁ?s limits

capacity NTUh4, i€ belet to Hahelesylatgenmavad] a preeter dihitiGost refifperant, at least in
needs,, and this limts capacity hus, in order to
the evapaiginreis fequifiegre FlOME XS mdaalcaléie@«ge%u ¥ Profidingityiy lasge refrigerant

charge,lr_tg%% S RNUfficidhey (ﬁf%ﬁé S}}sfém Lheagea M@ﬁﬁ%dudeﬁ t‘hﬁQHﬁ‘ quBfhg more

In typircal designs, by providing th arge
energy fafthé ga@meaBTU cooling. Bailey, Margaret B., “System Performance Characteristics of

a Helical Rotary Screw Air-Cooled Chiller Operating Over a Range of Refrigerant Charge
Conditions”, ASHRAE Trans. 1998 104(2), expressly incorporated herein by reference.
Therefore, by correctly selecting the “size” (e.g., cooling capacity) of the chiller, efficiency is



15

20

25

30

charge, the operating efficiency of the system at

reduced | oads is reduced, thus requiring nore 30
wee@ngy34hor the sane BTU cooling. Bailey, MargeeBUSB03/039175

"System Performance Characteristics of a Helical

Rotary Screw Air-Cool ed Chibl-er QOerati ng Over a Range

of Refrigerant Charge Conditions", ASHRAE Trans. 1998

enhancékp‘tl()%loall? ﬂwmﬁrwapm? ﬁm@hﬁ@bmtﬁe Maltjmurgfegpenabdesign load,
Therefore, by correct

y selecting the "size" (
and thug énylany given gasen ippd ghe ghentighpf lle&iger?éﬂ Fh%g%ﬂb%/tywagﬁﬁgn is
o USSR ST EAOOARENTS e il Bl bhlaion

recruitngotd écdngslovhels 1rgwh1bb ade or mork ctﬂfaqﬂuxfahty dmybsgfsmm ad@@l@nvely

act1vategé3§pa}@1$£or9@1? 2‘{’55]: g& asﬂgitnﬁ) 3p%}g§ubts¥jste£& H%EK? gerrmttmg a

high ovefHR'QUBH 16365388016/ \f\/iﬂ? hl? B@d/systé‘mﬁ Sg&ﬂﬂl&ﬁ{f Sde, H’@dﬂék‘&hgmeer S
recruitment is enployed, in one or nore of

Newsleptbnjr]%ﬂcnimbelolf%éu%ﬁ?)s16@@1@1? @pwe tqopaiaye seeke {9 %ﬁré@: rotational
di h | f
s o RERRE BT SR il o 26981 Lo sy o

referenéedatt 1§ﬂ@@pb§siblel\lotd®nabl cc&hqbsssst gresd ogieg an eleciadnic Seeéqr control, or
Tr ane Eng| neer's . Newsletter" Decenber 1996,
system gy, & bygestAGitaTeFigeahA Y dBINHIG ERIMREEYS to alter the

F\%ﬁlﬁ% ggb?énc% %%Qlﬁﬁlcfeg&s GAMXIEIRE Wbad. SBRs, dd o%tmﬁﬁl%ﬁﬁém seeks to

expressly incorporated her ei n
operatersgftemareaits fatedidesighs Hlighss sifig@antshegatest ﬂv@@ﬁlaﬁ@%al full level,

oS SRR SR PR Bl PP e

minim&R FEHFESEMR chakgBiléelr Tﬁérf:ﬂ“o@d erns yeegahsiriadre yxis3aneptiamm refrigerant
with chiller 1oad. Thus, pti mal siywﬁemseeslt
charge isyel for manipaure gificaancyi i SFaéfi oY@ Gif 1Cygl gigagases in the evaporator, it

both d1lgpq£<{els g&fl@&%ﬂt ﬂrhg§a1]1 \ﬂ% erldB é’%@@orp%eﬁ@éff Eiéh&y | evel,

results in ase ficiéncy. Further,
Shybtietne rarel a)/adalﬂaﬁﬂcnetayulsm the affidigricy oba chibler, i.gi, mrq?mgf—ratlon system
erant char

which s BT WA B Trrs FPGe aeoers eig, BE iRy i

calculafe@baS@dmWataoutCdrenesy cossupiedt(Fa1taRAMEps BBowk) pdrevdling unit,
increases in the evaporator, it both displaces

tymcallyetfms @é?uratrsh Theamtld sniheBT W dhscmpeint obereagt reghired iorcbange the
temper%tpfq 1“8% etﬂsﬁlt? [ F’ @)V afﬂu% bA 1%11I1 l HEQS% Jnlléhg o% Q@cwncy

ger a ion sy
require¥B lpﬁ{ile@ﬁa@ieﬁ (tadtREe, %ltﬁlemta@xﬁnsteﬂ) Ldﬂd&hemﬁimﬁﬂﬁeraan&) ﬂbwmeters for

In these systens, the efficiency is cal cgl at e(cii bas%cl
the inlep gndpgpties N‘@{ﬁfs T@plc@h@ eé WHW@WS (a%lPrP¥ldi ipg a chiller water
1 i e

acquisitihaggeen hecedsenis elsattypiealhf providedtoi dalw@itnte tie dﬁcmmyem BRTU/KWH.

.ot ek 4 TP e T TR By T LRI o 53 5606,

4,365 48I7e5 vmmesﬁ r4sz4an7d19f L o8BI RIS6450542; 5108 1.14mD;e3, 681318 19Ul(7€1078;
further | nst r ument S are prqvi ded

033 D e e e e e, S oo to hea

exchang‘g}g Rigssi.e and tenperature of evaporator and
condenser. A data 25 acqui sition system processor is

dlhse dry pnaabényofknownoesthdds andlappdratiie fartseparhtingiefrgeyants,

includi%é] g%r %@\gﬁgé @%gﬁﬁtfé}&éﬁgs’ gdggﬁﬁz’ﬂéﬁ%ﬁéﬁ 8580981: 5,205,843,
5,269,155; 5,347,822; 5,374,300; 5,425,242, 5,444,171; 5,446,216; 5,456,841; 5,470,442,
5,534,151; and 5,749,245, expressly incorporated herein by reference. In addition, there are a




4,365, 487; 5,479,783; 4,244,749; 4,750,547; 4,645, 542;
5,031, 410; 5,692,381; 4,071,078; 4,033, 407;

W® 20905864, and 4, 747, 449, expressly incor por aP@rus2003/039175
herein by reference, relate to heat exchangers and
the like. 30 There are a number of known nethods and
apparatus for separating refrigerants, including

numbér 0%3%1 %?efng %ﬁ% g&%’ry ?ygge 99%%@?111%1}§0§%g§,24§, %82?4 ?6662 5,167,126,

5, 17650%5418;91&39 5, 1@25,32111%%0584834 21234;539,23 22@3@01,@ 28, 98965844 331
, ' an res

5245 B e g By I s 08, T TS T 2 8,863,603

5,35985635 Y3 @@04/3%%)4945 BT 50E520008/49394 .15 9?(7 dsﬂmfﬂ%ﬁ 9ia70 442,

known réfrigerant reécovery dystens, inc
5,497 52 B:305024%4; 5,504.4 91 p61d 5593}16(7911 Qﬁzressﬁf lm'(ﬁ’pﬁﬁ&d herein by reference.

Also 2 189 88%{1gegar%3§01%§§/an %lg§_§}§ %s %%@}3@%{;& 5,%%?,’0?8; 5,469,714,

and 5,514%395,%&&,35@ thédrfdgded BerdibdydBiende. 327, 735; 5, 347, 822;
5,353, 603; 5,359, 859; 5,363,662; 5,371,019;
5,379, 607; 5,390,503; 5,442,930; 5,456, 841; 5,470, 442;
5 5,497, 627; 5,502,974; 5,514,595; and 5, 934, 091,
expressly incorporated herein by reference. Also
known are refrigerant property anal yzing systens, as
shown in U S. 5,371, 019; 5,469, 714; and 5, 514, 595,
expressly incorporated herein by reference. WO
2004/ 053404 PCT/ US2003/ 039175 -8- SUMVARY OF THE
I NVENTI ON The present invention provides a system and
nmet hod for optim zing operation of a refrigeration
system In nost known refrigeration systens, contro
is exerted principally to assure that liquid 5
refrigerant is not returned to the conpressor, and
otherwi se to assure that the level of refrigerant in
the evaporator is presuned to be at a predeterm ned
set level. According to the present invention, the
opti mum | evel of refrigerant and oil in the
evaporator is not predeterm ned. Rather, it is
understood that, over tinme, the system
characteristics may change, as well as the | oad
characteristics, and that an optimal control 10
requires nore conplexity. Likewise, it is understood
that direct neasurenents of the effective |I|evels of
rel evant paraneters may not be measurable, and thus
surrogates may be provided. According to the present
i nvention, a pair of control |oops, an inner |oop and
an outer | oop, are provided. The inner |oop controls
the compressor, than is, the notive force for punping
heat. This inner control |oop receives a single input
fromthe outer |oop, and optimzes 15 the conpressor
operation in accordance therewith, for exanple
conpressor speed, duty cycle,
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inl et vane position, and the like. If present, a

control | abl e expansion valve (typically | ocated
wheioans3104 he condenser and evaporator) is al SOPCT/US2003/039175

enconpassed within this inner control |oop. Thus, the

i nner control |loop controls the rate of supply of

liquid refrigerant to the ev ﬁorator The outer

L hadi 4%@@3@3&3{'@’3\” 086720 & refrigerant | oo o
aqhy B%Qséﬁt%ve%h@ﬁrﬁfﬁw gﬁeﬂh@ﬁ et el Por Egtﬁm?zﬁ%‘éﬂ&ﬁl{oﬁ

is typically not a ti ona system
refrigerhiaen syeemanount of r ef r| gerant in the accunulator is
not cr.i.tical ly that this.elenent allo a ..
V3 P e e R e Pl G RERA PePcisaolashe that liquid
refrigérhg is Mot refMmed kb ehaCmiiTbdsat, ahd BB¥rWiSe B dsOWBRha A bR oPfefrigerant
t he condenser, a separate accumnul ator, or even a
in the \exaROIRjRL IS GFEHBIST &7 e fler modghormubsskseilevelh does not
si e
AQE&rEHn?EQ tt}%fzplgf’eg% ien‘?/gllltgc}rna%ﬂleo IPEH‘E\R‘E fe?e cgqoigfgl&%g? i‘nél SPin the
evaporairip getrmndetémnmd, H%athcﬂnrﬂ éngelersiadd| thagoradr tinid) ﬁl@fs&ﬁtemOf
aseous intake to the conpressor. .Thus, era
e B ek T o B B RS Ao i ] conto
requlréﬂlﬁbfe(limﬁﬂ'ﬂ@myn M8keveiSd) it i und28Bod Bfat &1'3&:‘[ ?ﬂéﬂﬁfr@tﬁé&ﬁ of the effective
ypically, this heat “absor ption nmay be neasured
leVGIS@§ relenanbperameieramennotdeynessurghics and thensrogates rrmmlvdupngflded
e ressure,
SRR L S e SR SR B SRS g o o
loop, an qbrcpzllcﬁls e, in@n doop3dnproBshédtamResd s nisar 1shﬁadﬁm&6 €orce for
and pressure. The outer contraq

e ure | oo
pump’ﬂ‘@tﬂé ﬁﬁi‘éssmﬁ‘?f OF rplnlgpp FeSGRPS B PInglerpy dfoam the) qyter ﬁ@pp, and optimizes
the coﬁl\f)?&%r%tp@faﬁoﬁm %&%ﬁcé@@&%ﬁ”ﬁ?%xﬁﬁpl@%ﬁfﬂ Qe%ﬁ(ﬁ'ryi)eéde M@ﬂy cycle,

in the evaporator is difficul It for two reasons:
inlet venepositicnp enditherlikies If irkseat] awonioliable ¢>g>enmm valmel (twpllcally located

L L

Thus, d{thﬁéﬂcoﬁmﬂSO@p E@ttrotd the ene 6LnipHBL dmmulcﬁ@ﬁsgdﬂﬁﬁ to the evaporator.

ically |eId useful results durln sysie
%gq: gt@telbqp rghquoH gog‘g@@ e, @ﬁmqyﬂg{p rpﬁgegﬁn]t between the evaporator and
a refrifRAGARLIANLRR [IRknPRIBRAH ALRLY THEARHES Mol ypRUE gota

t down conditions typically al ow a repartit’ioni
“functufna}’ el stegetamentyintthit the dreount af Tefugersytsy éra acompulatn tsnot critical,
. Second, .durin eration,. the refrigerant
simp P ARG i AR RO S SRRt bR aRra 5o Bhegpig the system.
The adcai@latdranBebedeloRveibbeidn oRetch@hdénser, ﬁfs@ﬁd'rﬁg abRIM08tof, OF even a

inferrin the anount of refri erant in the

reservePRiopR &f Bic, cvaryar arish @@&ﬁ@t@gr@ﬂe\nﬂa peesicalate/ialthe edpding process.
pﬁ 119 st@dd sttétgg rhﬁot{ ?heﬂl@%ﬁ{) qLﬁ(aﬁefhgé{%lﬁ fm fhe condenser will equal
4R T iCh s preferapy-a

era acécunu
the ratb «)fvgatsemmmtadm to ‘dnk cbim@rassmd dhse nthortasieat sdserptioh imthiclkeaporator

nser nce thi frigerant is rel t|v
will el o gt I 108 FE G PO RRasor: RuPikQUL ] Bt absorption
may bé leadurdEbdes8ABedROHAE @ﬁfiét? of %sﬂa@@ sén@@rs r ﬁ@ﬁ'dﬁigrbg'a%&ator discharge
system conponents incl ude principally refrigerant gas,

tempeggtyre aBdipreAni. cyRpar#fer waist briseinle end geidainenparaire and pressure, and
posmb?f\géorndgr?s iaﬂeaﬁ a&\ég lten}%elrétuﬁragw ge%%sﬁfgef ul information for

evaporator refrigerant level. If
t Hlee c&ttelfdolntrgl Iloep dhifenmﬁle:bmt bptind laet ofmelidgedant & the evaporator. A

e SRRSRTSET, I SYANEr 2L o 2L kNN (RICH (U0 B i, e

evaporator is filled with refrigerant and oil, and a direct sampling of the evaporator contents,
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cal culated. 15 O course, there are other neans for
measuring or calculating the anount of refrigerant in
W0 b@4evEpoOr at or, and broad enbodi nents of the PEWERL0®OBI175
are not limted to the preferred nmethod of
measur enent. The present |nv§nt|on provi des, however,
that there is a partltlom ng~ of refrlgerant W th
i abl e con troI r t.he anpunt t )
such o B 5325 £ SDeHSeri B ot GopCEBA eIt By Migal vigld usef results

durmg%?rbﬂeﬁi/@e&[hdﬁp DA s?&téh%huthﬁwﬁ the biliBBEALRLAG RYF bE g&curately
e

ficiency is calculated in terns of energy per” unit

measipiech but 5ugh shwdown eprdidenstugicly allopp fepartdionmiged refiigetant, within the
varioud 2§gste:rﬁ %gllnp %n?%g@aetcgﬁc}féﬁggﬁé 9 or ré:ne the regrﬂ%eaé{% g&%g{% F)ﬁ@agea ¥nd froth,

and thasefdea dne lsmotdmﬁphrlével Helad ddtefrﬁﬁ!ﬁefde rRatli@)a @tBae®ethod for inferring
wn nmanner npl e, the heat

i n. kno
the e B EPE Y HiLhg SUIRBEh GRSl Sh b Vord eIl shastperiod of
time, 1@ )(o FRARM the TRl 088l d¥Rink {hgthte Q@ctﬂ‘rﬁlﬁéﬁ’of AR %Iréf@l%blly'y 16%er portion
outl et tenperatures. e it IS possible to
of the ph@e@smtor a$sogiatedritthtine |Cnndeesars Sofce dleis irefeigerpatris lretlaturelymglre and

held e b2 SRR Bl Bof B elcnnd BrinShsh S i Rinaining
systenﬁdﬁﬂpdﬂéﬁts GadltdeoprincIally réfigpahtves ComesRlrerflett ©F fHer&@ﬁdenser or

ring systemtransients, whic be nor mal |
accumé‘t@é@rrﬁf%@raait levelgidlagovids éseéWan@)émﬁhorsﬁgmas@mg céxmf:@ vl
evapoiddrReF{38RAERvEIN If ﬂh@ fsfal 1 1s Qlat;c}th ?}He%l:ﬁlﬂuﬁ{or %F] G hser and
operating point. For ex rocess changes,
evaporagyare knogvn @veh ﬂtﬁrﬂmsthut@a\tn sitaja);l ﬂtdmsiﬂlabstﬂin@mneaklhﬂe&ent may be
i be represented by a change in inlet water
erature and/or flowrate. This change will result
| Of eowtbd, HiRi@ae oflah encahs foRlch 88T, ﬂ%rﬂr cBNaRAhAtHeMduAt Bﬂ%frlgerant in
WO 2004/ 053404 PCT/ US2003/ 03917 -10 evaporator,
the evanouajor apd besrl embogimentreotithe apntion; e neigimmed iorthe mefqrwd method
of mekQRHAEt ion with correcting the refrigerant
partitioning, the control nonitors the system
etTlid pesnt mveﬂ’thmsplwﬂm dnbwagm athbothere it h@aﬂﬂbhfn(glof fefrigerant, with
ich the

varisb{E RO 50 Bt T =L PYogpretaiar i cuter o ot thigdsyel o

achlevé@ﬁ@f,ﬁmhhpg’ﬂﬁet he refrigerant to achieve optl mum
efficiency. It is noted 5 that, while efficiency is

tipsi re Erigegetion sterar eficiencibie cRipnlated, in garmesrof mgjap@rmml@at transfer.

Energ)p{nta§ {)é E@pﬁﬁ& ¥s Qi%%(trlcﬁ;?, é? g?élbgt%rﬁ,o?rvget&%osg}wce aI ﬁé}lil%la (fydélfectly

measuceat ISmlrrbgfttg nidasure@eiits gﬁllyatlslodfe esyidyed asdla®whn intheart. Heat transfer
i ndustrial -process nma nclu ed. In this case, the

may el BEAE Bk B PSat witer Fob bt Sicohch bt Boicopls rocess
water f@%al%@ﬂafeﬁ't@'trﬁéjasuﬁlg% & é%ﬁhﬁﬁn@tlﬁ‘}fo%v rafd SHethe ARL arﬁﬁ%ﬁﬂéto n.

In a global i mzation, other systens may al so
tempenaBigiesi re control or serve as inputs. These may be

a%AA0TY 9 865%93lé £ maf? We IR aﬁgorithm in terms of desired partitioning of

refrigerant under a variety of load circumstances, a preferred embodiment of the invention

calcul%ﬁﬂs |

provides an adaptive control. This adaptive control determines, during system transients, which
may be normally occurring or induced, the charge in system efficiency with changes in
refrigerant partitioning at a given operating point. For example, if the process changes, requiring
a different heat load dissipation, this will be represented by a change in inlet water temperature

and/or flow rate. This change will result in a different rate of refrigerant evaporation in the
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Over time, oil mgrates fromthe oil sunp of the
conpressor to the evaporator. One aspect of the
WO pwefsi4on provi des a control system whi ch nmeaBCr/@S2008/039175
consunption, in order to estimate oil level in the
evaporator. This control sys{&nwtherefore nmeasur es oi
replenlshnent 15 into the sunmp, oil return fromthe
t he congigssor and oi l turn fromthe

f
evapogiie st B b e ETGhEase e iuRis) Hefire ohi opimcitay Wik correcting

the refﬂg’éﬁﬁt partiflohigh the 86:@ R mARErstthe st @ffﬁle%bj{m*fﬁs lnﬁ)\ﬁ?c'ormg allows
wll i er require conpensation, such

the COBHPl torflgvelo anpiten modgl [Which rﬂlemkl@w bto angisite an thlnmyn control
surﬂacléS 'Iﬂg g@%g gdroka %ﬁa‘?ﬁt ﬁ‘et r'e?rb%e%n'? })tlg’v%gogo{ls}sfl;ﬁ@agff O{%Hgy aft is noted

that, vd’(ﬂa:lﬂﬁﬁmelﬁcyas by pidagisy abn@dhrtmﬁodoetm/téﬂ iRt il Akure@Bfiks OF Efficiency may
syste 20 to estimte

tarting state or clea
be Subé“%?daﬂvl’fg% ATy GHpring K ﬁ@lﬁﬁ‘géélaﬁeéhce gexgmple, instead of
optlmf‘zYx?%O&lE ARbedlise Qﬁfeﬂ?ltée‘?ﬂ THfefi défr?al esﬁﬁgysﬁéjfnglud@&; In this case,
well as water 11let and out et t enperature an
the pr@du@@gm parameters gr dconothiss op thegirddess ey be stlcwhated, theadvide a more
lobmx) pﬁfﬁ&)coeff|0|ents in the tube bundl e, and
g ﬁggl%néﬁts thereof. The refrigerant, oil and heat

t e gloBs] dptipdrdtivRNsieddyetetnd enay al Cicphiee ¢dMi@I Hidderve as inputs. These
varlables mhlch control the efficiency of the
may é@ﬁﬁ@@%@%ﬂ OJEPVOHRAERGr t term (and assuning that oil
[ s 0
e PRGN (0T bl of U8 iy RBAD RPibporator. One
aspectodthe iplvertami mbyides (Overtrol sysgam wbmh| metsyres afl conslmrqﬁuni iarorder to
or, measur ed

i DS A S 35 S oo SRSHE o e

into tHR\6BR! &l BftuinGr@A (HRFULIRSS the€¥@hpresdvran@6i88REd from the eductor. Itis
i nterval s, mai ntenance qu be perforned to correct

noted fhahtheroilindhesummpay perewast wiveiraftigerast, aethersfare geinamie level gage
will hl@éif pelj]{ﬁﬁ'% QB%B@IE%S%% r?tﬁcggz%lsr @)}@Fltél% %ﬁg )(21; ﬁlg CI%[’I}%QIG ?e%ng&ant or by

using a:romﬂ cmiceﬁﬁatay&teﬁml ogmeh at asopivabtyat sasbt. yTHS, it is possible to estimate
e to an,opt i mum

tune the control riabl
the amgf ) O gt ifia 8 Gt et Sty I9oERaRGENY Hete of clean system,
to estiRRGEDEI GRRHAT NS (HinSRBRuANRRE Vevabirdnt BREMEge temperature and
process. In addition, overtine, the optim zation

pressuge 6 isll ag tvefer deleiand outlafrtympﬁ@mrﬁ piad BI@SSfUaQ; ét iy Anthes pessible to
est1ma&eeﬂé{é? ﬁﬁns?&ecro@tﬂme%ftsf 1'11% SHBY buzicﬁg oa%g 151}5 tg ﬁ{elre% T%l efrigerant,

oked such ds oi
oil ancﬂﬁmtr@fis'fékﬁélpﬁﬁ‘iﬂehis%%tﬁé PaAdipk intedrihl @M&Sﬁﬁﬂfc@ﬂ@l the efficiency
oo BB RER Y from 1 condemier ) o the Fike’ L

evapoﬁ?cﬁ?'i‘@ﬁ@éﬁn@ifs tl%%%l? BHORRE ahd BPhiMbletoh8SPRE b0 (ﬁ/er longer periods,
determ ne when a service IS require

an oil edltcrmfrmztyémmmﬂﬂbbagy@ peinfersed e mearsgl;ed@nl c@ubmtzamm tl return the oil

cies are ar e aired
evel i A P SRR ST B P TR B <O e S P VR b B i aney e
perforinBé td euitct B&D h’é@éfeﬂ ipRirmenig ane patifthé f&ﬁgéﬁuﬁd StElPMaintenance
di rect respopse to changes in process. Further, since
reqUIrgIAGNIBIRAH BF é}%dé‘?atffdsasg?ér?@ﬂ%'l ool GPRIED] 37 teme FpRmample, the control

systen{:ﬂ%?z{t@ adtQBRkicalll ﬁ’nfﬁ@cﬂﬁt%@l thOQR BRAGNALihYe (F gé ﬁ‘%lum state.

er a verse thanges oveér time, except buildup o

This tummg is mggbeﬂklaoba ehaglgs SE[IOCass tcbmhnmdmswe adamlvc lautrtening process.
I nf er  bas

el at el e e
in el et Gl BE S unbolitn SR orR urt viiE AR ies to reduce
overall €fiBieARY sédbﬂd&@cbbfe&mro@h@ol@@@@ﬂﬁl iftbked, such as oil eductor, non-
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10 to a predeterm ned control strategy, and need not
be adaptive. This, in turn, allows nultivariate
wa@oo0sd404 f or exanpl e, notor speed, inlet vanePCT/US2003/039175

position, and expansion valve control, to be effected

based on a static systemnodgl, to achieve opti nal

efficiency under a variety o conditions. On the

ot her hand, the guter control |oop seeks to control
condefyé g W%eé%yﬂ‘fgg Fm ‘i%égﬁ%%éléef)afé_ﬂiﬁlﬂlﬁe i(er pyongss tegm, the
controd e meRR bigh#RbhtParlerds 8F KBtedn ¥pdrhdd ®ith f&géc't aeh ﬁ{&ﬁel and

partitioning, with variations in systemload. Wile a
determipg tyhen gyerviamipnsqaired, sithgrberaist therysterps &xling, o substantial
: i: i Levi. he required, accura such
inefTic R P tomalfhl. B R DML M i Pl S b B P B

f aslstatml, abbee, thompensatre] bop iciaBEHs ihsdlatddef G Hirethreddse to
h i ndeed, O\é?r ﬁl period of tine, to correct deyiations
changps,in PLOEHH m PP nBReS18C GIAPOFALAS Eprsedlly etsideof thy sineprontrol loop,
this cddlrbl RopReNeraldPddes nbBsuffel aGRHESE, Eﬁtﬁﬁ] t -

contr OP%FQ%?Jz}Qandnt h%li r gl gorit ﬁlrlf%g%?rrp e(rar’ee%?éapttihogﬁ&&p of pon
condegplergasyes iy, condris¢rnbizd ahyistdtivelyedsy tohefegbased ah a superheat

i N hersane. .At _any qgperating .pgint, )
e, B, EPAL R PSSR b il Bt sccoaing
to a pradterigecacontesl SR AldChe0 et bl ARpHYS B, i @B EH10Ws multivariate
L sts efficiency ads_a functiaon of the control
controf, 4% %FI&’,IQ P PEe ’tﬂﬁefc‘@ﬁﬁ EALHPD apd exparngiegeaglveicantrol, to be

effecteNBEEMA £$REE SBtentRofel R £ASE %Hi]lglglaegﬂgile%féjnl?r}dg{ a (f!l}?ety of

_basis for refrigerant partition
conditgmsat egy is provided. Chiller efficiency depends on

sgveral..factor incl udi subgcoal i n rature and

N BPhaahPe ov B4kl fhob SR T RO el S Greiph st response
principatly dlasedf on &f dptiaeravh ERAnGS vaARBid) ?éfri%é’ihﬂt'p%ftitiohﬁ%gwith variations
] and the_outdoor air tenperature. First, subcooling
in systgilpgdy Wihie g gistipseemamogely difficylt pr intossibledpriimplgment, grhile

. . C [ . Kc and, Fi.g. .

cio G SO &4 YRTEL BRSSP AAATERLE B B i,
compewnbpde Girrcharges deihb eystér remdiindtied adves a pariddleBtime 6 kerredddeWiations in

exiti the . conpressor, at state 2, as indicated in

SyStemFl?aéal%%;grsé’vnH?@%@ggggs%’%ét WRELTECEIShot gas and oi |
Aags 6Scoulrdd A@fen® habttesSQRRORIRDs RES BER afiAt@Ihidg Efé?nentation
tubes of the renote air-cool ed condenser where tlllwl

may bg @ergegdetndrindeedhybridizerh she gegmp! stoatemywiemginaitlre soynef dkteeyl operating

i, SAENPERAAS P AAISE SORLIB.TSAT Lol iy The e

senses oo wstsaffidanyen adundion lof thetdoatrbl glhiapleebsdtte: t6 @bm;lnéﬂs@té for changes
. i Egi d refrigerant should be subcooled, e.g., 10F to
In SYSISYECSPRNEC t o 11. 1C), according to manufacturer's

rRGRIFTROGM HRFsi #iBninl ' i

. level of su_bcoIch}llﬂliszr%%thaelgtlni gl\\%gm?%gﬁé evi géﬁpg?]ﬁg\%s %gg?tﬁ%ir%'trﬁtegy 18

provided rideisiegtficientiedapbrdstanowiverabfaptans imstudiag subcodlmgapepatiire and
. .addi.tion, the |.evel of bcool i ng has a .

conderi@iftesti, WheB Sl Hinehd B Bl B pRHRER sl chiter
load, ah@thelouafoos ki campdratgret Bit] dubcbdlirg withih thedtheSidilyBardic dybiR will be

. Fi.g.. 6@ o the right and a correspondi ng shift of
examl@fig@& £ O‘Yshf%"?ﬂoé RempieadpR BYEle dgmatigjandiigne shows an actual
temperh@fEMRtopy UPAFA Ywitreih e EXARPHAL RHichPL hn ideal cycle. Upon exiting the

compressor at state 2, as indicated in Fig 6A, a high-pressure mixture of hot gas and oil passes

through an oil separator before entering the tubes of the remote air-cooled condenser where the

refrigerant rejects heat (Qh) to moving air by forced convection (or other cooling medium). In
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As the chiller's refrigerant charge increases, the

accunul ation of refrigerant stored in the condenser
W@rootios34bd gh- pressure side of the system al so PCT/US2003/039175

i ncreases. An increase in the anmount of 10

refrigerant in the condenserlfl so occurs as the | oad

on the chiller decreases due to |less refrigerant fI ow

t hrough t he_.evapor at ar, i.ch results in increas
the lagt seyerg &oVacEeRRIP AT sﬁg F%%P@m%@@ted liguid T@@tﬂéﬁm’f should be

subcoSRAAEHS BIF £ANFRS. @tol 1rlclr(93§&ofd7né &‘)emgrﬂﬂét%re{gg re8&ReRiRions, as

heat transfer area used subcool I ng,
showrcloy $t@t§ pondiigp $Bd dbisdese of wbphdlrgmmehadmcmﬁdwﬁxgrthe condenser,
[ |sotherma h ransf gL .ass
the clesBh iR cx Pl Nl Fpne 8 ot TR TP, e St bgaging bas o
direct hﬁ&tﬁinshﬂpdmil’ﬁcldﬂéﬂ @P&IIRIAGBAdE lIedeDé‘i%u‘B@éJhnrgQ%htE il Dshift of state 3
i ncr ea%l%d subcool i ng tenperatures and condensi

n
(in Fig. &%) & the giedt andrg egradponsinoshifi 6f pateseisithe ﬁﬁla,inthﬁm%y reducing the heat
Qe@%s] r or accunul ator are provided
remox{ag@e[ g& ‘ZE%%F/@‘} ng%E iC chy resulting fromvariabl e
s A@ rt}agéulxbefr'strtngmeh‘r ¢hgegeantreasthitbe s@nminatioa ol ireffmg@i altyst@ed in the
trolle

ani cal nt.i tio
condee? PTG ASGAF SEE Oh 2B eSS o BIETere ingpe amountof
refrige@bhieh tHeeahd&lsBkals SRARNS She 18@bn KRS @6MdrABcARIL A to less refrigerant
tenperatures have an opposite effect on the operation
flow typougly the eyaprapioe rwhigls reswlés indrgreased Rtotagteacamytagion) in the condenser.
A oS TR A ORI B B P ot o
subcoaliiyg emb a n@'r(ispdnding decresp andie sgrfatecreased ifor lsteﬁ\tSdrbécﬁhermal heat

heat tr ea used for subcaqoli r ef
transtetAenogigtlvh Corilet o nd e er S et 6% P Epran e e
decreaSihBGANle MAdIRIPRE@E 1 iBSreaRd su%oh%@ {Repaueo ALAHIBSking

tenperatures. Referring to Fig an increase in
temperaiilyesol i ng drives state 3 to the left, while an

' %ﬁ%ogglﬁg to 'ﬂ{% p(f?&gfa uz'\%n%g)n t%npe%org E:Eﬁlg(ﬂelnf%etgsﬁa tg%ch]nﬁl l1Fare provided
to rediicerqpg ﬁlatfﬂaslelscycrammg frdjmtvehyblb @@ehgﬁe@)f i RirgRemt. TRk QAn be

rl oad and, i ncr eased conpressor q[iower consunpti on

. 0
achievgy by g tiatis dnehRIEs SABYEUTADTS e 6BT lgdivadshie serdigupntion.
' ﬁlcfkqge%ldolft@ootr RE BVARPLEL Ak (dhdefrhbdR n% e%}{bnarﬂediﬁ’ﬁﬁ{eﬂipm atures
shift of the curve connecting states n
have a@\o@p@ﬁi@ta‘fﬁg‘t ort ibapperation ef the comlrsss, As the heptetinlf femperature
er ant ring the co e al so
inereald MR oabiMEr s B n S ey G R R BRPlaR ociared
with cﬁlﬂiﬁﬁﬁlﬁg a6d a cIREIPOAINE dedrete asadibl vt Satffer\a used for subcooling.
2004/ 053404 PCT/ US2003/ 039175 -13 refrigerant charge
Therefgrry IEeAFend WA ICBDTBE sl b drcarrscd BRwpelingfemperatures and

mcreagéaccroﬁ@éggllgst%&gg{u&&g which leads to increased

conpr esso r i nput. Superheat |evel is represented
biefehramgsb |Fgg1t6]3 ag neasee insubernbieg alriveestate e theleft, while an increase
. refri erant t he satur tlon cur
in condising 5P Rpre TG e Gl s PO PR PRI e ayed i orlensing
tempe@firkd &h' Lﬂtu%‘d@@()l%@d R codfpiles8i B6r bk d20 AR Bfs@keBSondpressor power
According to the present

super heat ed v h%étp
consumﬁ%h@lu lgweredieEliGiprsnds sbegplpg ewesasshadbis adderstoghe svaporator,
resultlﬁ’é]ﬂl :ﬂpl}iavyﬁﬁ ¥niATeRk QivORELAL r&%‘ce&géw hid P18s the evaporating
temperature increases, the specific volume of the refrigerant entering the compressor also

increases, resulting in increased power input to the compressor. Therefore, increased levels of
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to achieve efficiency. In sone systens, it is

preferred that a m ni num superheat be provided, e.g.
WQ20@053404 avoi d premature failure from dropl et PEI/US2008/039175

and erosion, or liquid slugging. However, any anount

of superheat generally represents an inefficiency.

According to the 10 present "invention, the "cost" of

s BN R SYELS, T PR St b ncluded, Lt e,

leads tOAGENES Bom: Eﬁé.r;go@geweiamp@ie provided to reduce or
control suc ro all om ng | ow operating

soprerbrshtevelay efipgeseg@é by Hesadligheipetcasarintteraperaitresfes thergitigerant
I c
e SRR 5o STRIPAR) BB GBC UL LOR ot s
chllleﬂsrwﬁlﬁmaiioe aod/entdi ﬂreeo‘om;eessaica:sm ghipadrediod Oaor. 2550@*51@@0:6 the present
the invention erheat |eve] is nonitored,

inventfop, I3 rAREEQ BOGHURE iSO aR: Ra\ERY VALY Rote kg gnditions
to achf#Q& efﬂé‘i&% CHEdothe GEteRENELs ﬂr@ﬁﬁb@ ﬁfa@é‘ iRk b&ﬂiegpbe provided,
may be conducte Non-" condensabl e gases nay be
e.g., 2Rentvemid prsmagxe ﬁqaluee from @&plﬁmttmiggmé egamnphralscencﬂ slogging.
t he _condense subjecting it to cant
However,oalgl & oy g f Wgﬁ]ﬁ%t ac%en ﬂsg% éepg%e{ﬁﬁ Iag 11§e§ FlécyWQCIco%iéng to the
presenp fivesii§a |t1|1(=y‘coi§t0 of kensipeticadcgels 8RS opibidlle beahdludlria e
in the sample will |ig uef¥ The i quefied refrigerant
optimizgfiGpa ey lorae N T Shlg oo Beree, sYstamsmaty e Bigvided to reduce
or con‘?riﬁ?é%ﬁh tHlemE SN REUSHY ell%ﬁg“s 4t 1690l NCrease in
heat nk tenperature causes I ncrease in discharge
pSwslu,ﬁael,evmncﬂhﬁ candenser may ba u@@@suh dorcappkss By an gccumulation of
- SUCt | ress to increase. The urves.conpecting,.
non-cqidgpegbl dagey “high e MepBOdiamyc refiriency. ThEel g gpfotding to one
aspect i itHd invgtRhdsugehehtdevdl ICHBRISREd, and AR incEdaBds beyond a desired level, a
tenperature. An upward shift in curves 4 through 1 or

non-cepqensibleasns guigs czee,r%ftheg &efHgerapiRipidicatio graydesepdicide Non-

i
condeﬁs@iﬁfé gesulfr? fbe%s%ﬁltroﬁg(? g%ﬂp%gﬁa%ﬁe, ?X %nggércg{ng %%aélgfg%sg g@ghsthe condenser,
and subjeetmmﬁ so SigoMicatseb-chwlogg Tteeadspgeo O tios sanmpls iwﬂl be principally

RE ORI A TN T -

may b&Rirn8d Htht @ORRI: Wk &S t@%&a@@i@ﬂﬁf ating pressure to
increase, which |eads to increased refrigerant nass

f Aodiseussed pleviough. aTHaCISEIBMBAtGINK tTRECTEBRG Favees BF iNgease in
f LQUe ot
dlschagé/ ﬁo S bxrvﬁ%ri]i{jﬁlrtié 5 € 6%95 th%éﬁlgﬁés?d@l’ srsﬂkﬁcgr{ ulé}re Uit to elfsf&eaase. The
curvesdmmmg states@mﬂr}t&ﬁtsta:tm‘ﬁpﬁrchl o Exg. 6Bf$eh$cﬂ!]ﬂ gltié,upsvard due to
. I nve ése rel ationship exists hetween hga& sing . .
Increases iy 8¢ SRR cles d SttyPee throyshbheustiggurase in
refr 1ge'13 nt W@%@&%ﬁ{g%%ﬂe? ature redulldih B deeheas 'ﬂ'i‘agexraﬁ&ra‘u%é bach
the curve connecting states ig. 6B
tempelsanuf: t&s the opprRasittempearatiye dQQIb@@% Itiim@afisem rade&r@w@ébe @yaporator
I e

must 1§<§r§2§]st% .ng’ %ﬁc%bfoergmgexe/% Ith% r?‘%;eg g]ﬁlé)glrlt': (%)fﬁie?ﬁf@ 1{1‘813{ a‘ldﬁ% wgljéleloop
TherefoeR thddghsing Hehit&hﬂ«fl@ﬁipﬁfaﬁﬁeﬂ@ﬂis@evajiumuh@ pERsure ttt:ilne&aﬁ:d which leads

amount _ of gaseo refri | eavi n fhe C nd 1§

ect of higher

to incrggsed SISt ARt BRSS e e Gapeny
refr1ge§§ft M&@ﬂ@ﬁtrat% %%ﬁgﬁ‘@letebgpo?%&aﬁﬁi IQHuée@\ébﬁl%a&}?feﬁ{p%ragure Bauses a

6B), the device does
decrease 111 superheat temperatures. Therefore, an inverse relationship exists between heat sink

temperature and superheat temperatures.
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not operate optimally. In addition, a decrease in
refrigerant charge causes a decrease in the anount of

WO pguiosB4nefri gerant that flows into the evapor B DUSZNS039175
a subsequent decrease in capacity and increase in
super heat and suction pressufg. Thus, an inverse
relati onship exists between refrigerant charge | evel

rhe ture,, 10 Accordi.ng t he r.esent .
R R R e SRR e SR PR el 2 e PG 360 g shiis
downwmﬂpllnda}iﬁ subesingaével dedrehsboisstatay oprtpy TdelidddeheRFRI 6B moves to
opportunity to achieve the desired |evel of

the righy fubbles hggint Rutes & the Hgwiddime deadengelovhst expassipn denieredie to an

§ &t |

o84 B IS5, 0 ST A 35558l o

subcoolivey infthe Eﬁiiger&m Iehtenng tlbeeXIpammctn deyice (btatei Bindlig.®B), the device does
contr.ol '

S at e wherein .
not o eyl ot St e 5 Rt v hateB e f pgpee in the
amountio@iiquidastigefaat HaoBs RO Int A LR RhBE andn SubkERRAV®IcFease in capacity
whi | e under heavy | oad, the refrigerant charge is
and inprese insypertrens apdpiickion PEsysurem s ooy iaieree Telationehip existsrhetween
ensate for this factor
e B T e e T ably, when the
r abcdrgmgaothe meseng@vesionptheldisthariga front the condeasdréadiudes a

t enper at ur e i ndependent | ntroll ed. Lik .
compligGL ey aid s PRY PgieaniaRa P BT TS o RAHPE1DS desied level of
subco@l‘i/rfgo qriRdwike, HRYaRE a MskivbirGl Uﬁfo'VYdeat @k YaH o a8n@chRAetis ?fesumed to be
the control strategy. Under extreme refrigeran
in excgﬁsdﬁ ithecth sgajired ondiir ell opsratibg Fiswwmstowss ad Q@)efore it will not be limiting.
Itis al&? é&ésﬂﬁ% f%rl{ave Hlﬂggrrlc? Fcﬁ{tlt%ﬁ sy vé? %Vélg{%él’lb Q Irrgsr?fc'\%lr i ui e%glzg Mnd
the1efd>rB unéadixht Watlhefr[gefe&]aswilgnﬂaésr mgaa*emﬁou; hﬁﬁﬁ&mdw HeAdy load, the
. all }cjharge.l.e,velsrabove -20% Refrlg nt charge
refrigqranf gharge Ilimgilgg; g SoRira) sy§imirecqrdin ST Bgtion may, of
courseS HRBpRAL f&ﬁtﬂﬁ%&&%ﬁ%@% Skt Oowérr) r@i%?a%[}g win the refrigerant
system and met hod for neasuring, analy:
chargenia mpplihgingnthetshiperbesp mneyatmds lr@femmlcmbcgombllad Likewise, even

fri.geratipn s nstru ntin
wherey B {hBERAY BRSSP BRITY hESLIREROupiPhd fifgiaty sppetang per of
the coﬂtr(ﬁlrsﬁﬁfegﬁ vari abI e for manipul ation, and alteri ng the
r gess variaple is provided. Th e(grocess0 vari ab
PEXTEIE & rla@rﬁnm@ds%argf: copdigens; (ReloperPYasharge), éﬁfngerant
underc'?ﬁé QAL I} Encrdle TRRSHEA PRs&hid 1k LENEY, b %5&%% sdcﬂoff‘gressure
ustrial process, a refrigeration system av
1ncreamsMltbﬂlmaSIE@p@cgmwtmbalgo dhringall chagglevels ebaved@8¥or dtbfrigerant
l.evel.. |. nsuffi.cien t he unde
chareq Yt o AR i gorFrmb ERE bl PE B d Py R R S¥ion
pressuf@i ntai ning sufficient capacity, and often a margin of
WD 2004/ 053404 PCT/ US2003/ 039175 - 15 reserve, is a
chisystermiand sapthaddiopmeasurings arbizing 4od manipeineshe eepasiinend
efﬁmeé\@? ﬁamr%g?p%%at%q% S elln bgf]1£§t{?9?eélglggm§qrgfr‘1@e%€agﬁﬁgggtlagtet%%Esure
efficiencyd eelettmgrapprotaas manetbﬂrefop neaasdaticng zltnchalanng ﬁteqhb@ss varlable is
Over thb | on ter.n&dstest hat th

providlgg\éffhﬁpwggss variable may e varied durin opera%o e re 1geration system while
measuring efficiency thereof.

In an industrial process, a refrigeration system must have sufficient capacity to cool the
target to a desired level. If the capacity is insufficient, the underlying process may fail,

sometimes catastrophically. Thus, maintaining sufficient capacity, and often a margin of
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adequate capacity for efficient operation may be
taken. For exanple, system maintenance to 5 reduce

wo iwe/0k34ndl e scal e or other heat transfer i nmpePdCTERL003/039175
cl eaning of refrigerant (e.g., to renove excess oil),
and refrigerant-side heat transfer surfaces, and
purging of non-condensable gases may be perforned

al .one .ar i n _conbi i 0 Ef f.i ci enc orta
reservy ol R RERA o Pistitous s fdiBakdod B icte sy § initing,
deviafigtislfrom Ebtith&ll s9&em (?)@&tl@ﬁ P DetoRARE O AHEL A8 order to maintain
related, since inefficiency typically reduces system

the prqwsw&hm aogeptatie evelsn @ vebthadonaierm.estns do prsure &at thagystem has

Y e

adequht'% cgﬁé t?'%oretgg?llg%tno%glyas %ﬁ&ﬁayﬁﬁ%]ﬁé a;@? %.% er%gla’n g?tjéy rh&mg enance to
reducs tibt bandis & @ocytharidat tearafer urapetd1mfehm dlammg af refrigerant (e.g., to

\p ar amet elg sych as e%% . Si stenc¥ for
removg ey ess Q1. dbd seddgantey ﬂ% & PR RRE R By peifiensable
gases Hﬁ Bk lpeﬁBHnédfh%r%f&ﬁﬁ chBYinfigh. cat e deviation of the

15 system operation fromthe nodel operation.
AEfﬁmncae& alacb 1mmaewbbw@ta@9n¢fﬁgwnt systempdisis notieecessanly fail.

Efﬁc%ﬂes/riag{l g}%]l élp?ﬁ ﬁg‘%toh%grg %@eﬁ as(r%rrllcce IX%%% e e}{atryﬁneltly feduces system

capac‘maunterparts For exanpl e, as heat exchanger

per f or.mance s, due for exanp scal e

ageﬁﬁfﬁ}mgt 1P BRPTBT g ":’Pir‘l@ dimpesd of Eh?dp‘éen“&P= aa%et egﬁﬁtﬁé‘%"s"‘é’ﬁemems are taken
of the SHPIBERBEN syisRMD SRS thedCdng @(§fo1 s cox‘f‘s@éﬁég% nd¥Pedtfict

non-conderisabl’ e gases, thesé tactors wl appar ent
flmdamﬂntahpaa@m@f@at @Ch @t elifcieaQy nBelfuomertcs, of emnspla,tassezsﬁes

asu u 10588
presup o R TR TR Tl Bt il i Sh e sotua
systerd 8fdr@ich fibihele medel operatioel Ak echeateial fstdnhevisd #6m the model, so

These, in turn, can be used to estimte performance
too willhe asrereRRASUTRRERI Of AYiere PABBSterpdavirie St tpir Byprmodynamic
t
theore%ge'isllég)gﬁ %fah% gﬁa&?/m?%, ?n at g%c?ltaﬁ(; er Ef}"oﬁﬁans T RE H&g#ﬂ% Que for example
to scalRBicaypiletadi gy the édlwrtemdlet enas ommmﬂdomapaﬁlsmt\xenpgrsmmnmeases for
nt enance i.s referable t

examilEFs GtireopH Bk el e asip oy fie sBp gy ang adeauate setof

measui@ritO6f Neate oA tHIQK stbha rSu@h %'aﬁu rerfbb thad 'B@ |u3!e$l 19-esMER the capacity
real tinme erforrmnce nodel |n%éls typl cal y expensi ve,

of the a@fagﬁétlora%m aptvell gs fapkars sipiahdpacbiganeffirisncy efftae epstem. These, in

turn, cgg ﬁg kig%dle[o egtfiarg%t 1bf?12n o rﬁﬁg@(f%&%@%ic Sclaﬁ bggyadg % the system by

returnisgyit ﬂownrtg)tlmat stafle, aridne perfoirh ambﬂgoeﬁy&tt@a‘]ysm mlafewm sf &fy such
ffrt30 .operational characteristics in a fluctuating

© enV|ronnent may be assessed. This schene may al so be

cdlly, BéORS extdrBRe a8 e% EREBysté thdifietee bd pBrfordled, ot is
re rnger ation Sy st ens. a set of sensor

prefershie uinatvenens ther Fé/S‘@@t far rf@btlmﬁ@eefﬂﬁnwe mmwtphng,rr@tbpletb@n simple
state aéglg(%igsgl?é’ﬂ llggld[ﬁhe ?1 Po%m%ﬂ@é 8&51&%3%‘[@8%2}1 g’g%?%g‘?(g oltJ 0 %art of

em operation par ama ers
normaP&EtadS2 003 &3 9héteas addquite Shfogastnafonasiateemalysi® may be generally

avaﬂa%? Cedu rs?eén %ﬂt%is %ﬁr ém;? fOYl?lg %Orgetd tlbrr?enr%];rlngcorfan%aslygtgrlns analysis of
operational characteristics in a fluctuating environment may be assessed.

This scheme may also be used in other types of systems, and is not limited to
refrigeration systems. Thus, a set of sensor measurements are obtained and analyzed with

respect to system model. The analysis may then be used to tune system operational parameters,
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met hod may be applied include, anong others, interna
conbusti on engi nes, turbonmachinery, hydraulic and
wQ@n@eunsi4de systens. Preferably, the effici encyP€BUS2003/039175

recorded in conjunction with the process vari abl es.

Thus, for 5 each system thg actual sensitivity of

efficiency, detected directly or by surrogate
. asures, to a rocess vari.able be mneagur ed. . .
instigglE & SRR PROPIHEAREAS REDALE COR-DERRLTSRYE It BFPtoms to which this
metho@%ﬁéyr&sa%gﬁgd BRde Sk RVdtH&E, hRnal BEhPisELA eNgineQ MRbEMachinery,

syst'ens based on a cost-savings basis, rather than the
hydraglygrndginegmstic $ystemser vi ce or flat fee basis. According

t [ .of the invention. i.ns 0 ervige

agae¥%6§lxgtl§1§ t%gf%che?lﬁﬁ Esar%g%g? gl gyrtmgﬁ 1 évﬁggl%e e%'ooenss é/arlabli‘n,gs. Thus, for
each s§istecthe aomihl dehsitienf of ffiveans dticoBd diechiBsRbycarragay Gletdlres, to a

performance nmetric. For exanple, a baseline system
processeaFiahlpaidebs Besmyitdur ed. Thereafter, a ni ni num syst em

C %E@(?rhfng th 8 rEiefdr B§Rct ANHe tRRNEYS L¥Mihsss %e%iﬁcgdr’]‘fssp?ovided for

serviced at the significant discretion of the'service

maintgniggromgpiaxcystems bsgdwbl acosaswihgs hasiheatbasthabtrdfpitalebst of

. such seryice,, Wt he. servi ce . or.gani.zat.l on ing. .

serviog i NS Pt sl s St BB AP AR b8 Hicing ana
maintGXRERl s§st8mIfor HRtRdEGE Brect 063t 1O NE@I RS tiochi€based on a system

basel ine, According to the present invention, data
performapes MRic. FORErAIIPIS ASTaseneeySTH@ ResfoEmense demepsi e Thereafter, a
i 06 UA L UhETURRRTELER S LA ELLEASL g
discrepien bhthraavee oagudizztomymestatabyrbaséd snthe coptdrehefitnefisaeh service, with

data renotely to a servi organi zation, such as
the Seiior RGBT Selg PRSI LaHG AY S PEROGRALES for example a
percerit@eiTROGSalinBESver Bie KQEMIE & ccBRliNDIokhe prEfént invention, data from the

conmmuni cation may al so permt 20 | nmedi ate .
controh gystem a4y be aisedototdeterminedegeadatiopned systemanrametpys dtoss an efficient

ik ' N b .

sae. 30k EhionBt 28D AR PG oA R PR A e AU B Mion ofsuh
perforpanéodatarenetetp o & esredte brgagirativh, yudr asthrvuigh valis biylinkg ncbdem

i1 f. the %%gﬁen1ca acity is sufficignb@ deci sions are .
commypigatiQf{eh EicPhape Lpigs. of cRuipyier ngbti Hs ceBmugicrfies gy also permit
immedigteRREifiO4tBNAS el i FRO BB RANMO fPREECESR, pGHiaBy in time to prevent

refrigerant purification, evaporator descaling or 25
subseqyeabaridrynsqsiverissigewfaifign- condensi ng gasses, or the

| i ke i if e bst.ant i .

i BBt A PUALED BRARSL LD boe PR AR, st e
systeniregpaviay ¢ saffsamnalebigionsbre hadeethaierpdthay tihecitovald be cost efficient

ervice is.required., However, even in this case, )
to per ét&rcgla%lpin&pﬁntie%9 §qrgwps,(§g%%§ rpglgq%nt part op.vgporator descaling or
leaniN| ,rp‘uﬁ‘%' i¥g 8f ndrR&InBE S ggébg dsher WP Sike T licdIgNir sy @B dapidign

Cemnﬁ%y t{é%.gé sel ect t%scost-ef?ic%%npﬁg gghievgﬁg s
substaptidtyuditnanislyestt betavp @ pfasperacsbres@oe wilvetwisgls mepnversehsoally, or
based §15 oﬂg{ fﬁ%gogsa)? %e%dg% gﬁ;é&?@;goﬁ%?eé :e&rg\e/rlln%%thlg?:aée? Idgérg(lja{t%%qn system
capacify 8ay'B¢ btenaneeicpasfanabel sndite RRist @fiteneet®iintign welyihen be

S sten1f?peration. g%22004/053404 PCT/ US2003/ 039175

CIn

selectedqte cost-efficiently achieve adequate system performance.
After system service or maintenance, the control system may be initialized or retuned to
ensure that pre-service or pre-maintenance parameters do not erroneously govern system

operation.
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According to a second main enbodi nent of the present

invention, nultivariate optimzation and control may
wheogosHoct ed. I n the case of nultivariate anab@BUS20a5089175

control, interaction between variables or conpl ex

sets of tine-constants nay require a conplex control

system A nunber of types of control nay be

i npl enented to timze t.he o ation of the 5 stem
TORIEATRyS & srePad T AT BERl e pye G bify Fut A
optimis@i@Cir@Gonirbl Mssbe hduete@dId Be AR of 9)8fiRMatd dHdBysis and control,

) defining efficient operation and the relation of the

interagtiop petwegp vaprles qrcgmpdenssty of tispe-cqustantsipaicicawis a gpmplgs control
y wel t: 3 d

systes? Y e 6 10 S OGUEA Pl BRARERIY cpinidd A ofBkdiT of e

systenu nbgscallgd feer dscippt@triatntype of comtrabisIselegted,|ihmmsirye tuned to the

systent, s a2 Ry PROT A SR HBR G Lp it T b Tagasohsors on
the efﬂc@eﬁc?r g@ tHel s?ﬂéﬁ'n O¥edny borrolPbfdn RBSur Sorlthfe 8884 iBherent in the

problens. [n other instances, non-Ilinear techni ques

systenp fer exapiplsyiedveid vadediypble aspidlaton priastebifige lofmanypgpstances,

simpli@ﬁ%%gglgﬁwio@s n(ﬁ.l s!e%nég?t&?&ﬂsdaré %ﬁ&@inoa%gﬁfgﬁlrﬁgﬁlel ?}gl%glrlltg“yges%ace to provide

non- | echni ques an
traditipriad anuipid whgions tehgrentratprotiemt. Instherdpsamies,Myndpractechniques

For exanple, in the secopd nain, odi nent. of. the .
axe emplieics BV b S BEF PLEPENETADRe. AT BrigBrgFethniques are
emplog&?ﬁs"i‘ﬁg Bih 66 RhEd- AInRRS %ﬁbﬁﬂlixﬁ% P8t AR B9 B¥mentation of the

del ineations, and the sensitivity the systemto
operatmgopesss vari abl e mani pul ati on be nmeasured for each

respective.variabl e w.t hi S nt. This, .for

efnsiptes i @ Econt pilin fisRodmeREet e myendm ttjs Plefigre that the
range SlidpeR@ing cbgé’ﬁitiir)]llikgbdﬂegmfeﬁﬁﬂ Ialdhg ogﬂhagcﬁ}al deltrketiordsham the sensitivity of

requiring Ot, I NCreasi ng _an ecreasli ng resp,ectl ve L.
the syspeipifeBlogessivatighle é}an}ﬁlliatwa&etmf@wﬁ@ freagperiding vaplewithin a
segmeigt.‘ € ot &%fnfpgi‘ ?E’vmi'tsncl tBRot6AR %héﬁggeh §éc‘Pnga?iaUl§rdé1ﬁﬁlg @ testing or

I's 20 pre ed that the variable be altere

trainingphejentathes tanwhquisngrbein@pasitesandrdscieakngrespcive varables in order

order.. to pr.ovide a-hi.gh d ,of asurenment, O. ..
to magp g Satire cPeAfiag et ” On BT olRE Hndy o REGRE LT Sele siable. it s
preferfed @kt kit ®iFiableibé@)teed caniiRisly whikenet@emen®Red faking place in order
aspect of the invention provides a capability for

to proyige @ highrigeed fapsasuipmspt-data relating to system

0 - aha >

OPf LT AR REE DL Fms B, BRI G ve) parameters
Therefoon tnothesspey of thnimpenfion peovedes awapdbility rigr, recdivimgy viagety of data

retarinB g8 Sl e SR el e SR TR Yo SR SHITE e based on this
data. Citewae! cﬁfrin‘gtai déﬁtinuoﬂs ts%télﬁtp@ﬁyﬁmérﬁ@ nRNEbeng, fiﬁiﬁaﬁ Be possible to
controlled to include a sufficient set of

emplop existib@OIBHY easudEe FYRTe PeifyTbatings to AupMisg SYséem characteristics.
AttersEh: BSTRAER, B/ AL E0Rc oo BuER AT WL EF oE PR ifons to determine
the peddehtrsystemadafotmaee partnetdrs, Sy atoemnert Weick enesd ndt eatsyg indfficient or
1%@ %Peratip efficiency to small perturbations in
undesif e%éﬁ?%?ﬁf Pédbl es are neasured during actua
OR eIy eontrbEsyStéat, &P schatitigf of thd BperhiinPefiBRhéy @ stall
training node, as in an autotuning system which may
perturbsgions fofthe gontral yariphlesrye measnediiretg astip! peerptipicelithasystem, rather
than ino%telstri]rg: OM'ra%{liS% h{od%,ha% iR %R ta&t@uﬁl?ﬂg §ygtlé1rn?Wh9cr111 18537 be difficult to arrange
characteristics change
and which may be inaccurate or incomplete if the system configuration or characteristics change
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WD 2004/ 053404 PCT/ US2003/ 039175 -18 after training
or testing. Manual tuning, which requires an operator

wo oooam40d f ferent test or trial and error proRPEDURSEE3/039175
to determ ne the appropriate control paraneters, is
typically not feasible, singe the characteristics of
each installation over the entire operating range are

after t{éﬁéﬂ%fgt% i uI | %%Jafg%fr.}%c {2 E%%H%Hé{o?e%f% g% gunaqigo rent test or trial

and erﬁﬁ%ﬁédeb@‘és B ddterBindthe 28p@bHate Tontol patigiddters 8¢ p@all?not feasible,
Mel'l i chanp, Process gg}am cs and Control,, John

since {he qu;ygctemgéws vbegeh (insigtarion geerghe gltlrg@pq%rlabng,rang@, Alergt gften fully
t n

charack glréla %fld ﬁlls S%gétgﬁ Iﬁﬁ%/a r?S/P?;mBg.r E%}ﬁlﬂlﬂlzﬂh 1 1t§18 é% ?ﬁéfho(gs are described

in D. BBebbdrgnTnB. Bagahadd D. eéqulhclmnnE Praxdsclayhamicnanid Goecbl, John Wiley

B T A T I ——

Somet?%‘f%nf@ri&@ R8P NTARSIE P, N1O, (qug(j)r ol paraneters. The
control paranmeters thus set wi remai n unchanged

uAufotutinematiets taqrirn g periodieallripitiadrivning putcadiragluring which the

0
controﬁgg %ﬁﬁ%&?&pﬁt}}% 61%%?1?1 Cﬂ ?élj %Is %&mlg t%%é‘éoﬁct%ﬂk%;gfé?%me the appropriate
control psiametee) ThSoeited] parinetare thu@ 3¢t vﬂﬁselaamjnnﬁha@eg etiRAe kext tuning
(1988). Autotuni ng control I e 0 r or
proced fSomﬁ %W“&P@Bg PEACPEPS a1 desoripgd 5@? @é ach
Autonﬁfﬁtce[fuﬁﬁlg SFEDIGoro11PRSEEr @R Solle \%’J)ﬁ&l%gnge? Yeahesh Tﬁeﬁ@e Park,

desired system 15 perf or mance. adapti ve control
N.C. (%8830 dgifotuming conitalisks Ipa:f bmpeeatgr arr slfdnitioredt either Eﬂs/ﬁxed periods,

ted nor tjion.to adapt ha
based B EiheC el s R B PREIAL RBds BB i afRE"
perfordaBce. cont i nuously updat ed to prevent the degraded
per.formance whi ch occur between the tunings

t M@tqudﬁ@ﬁwwﬁeb@eﬂ@ﬁs thReCRbPArARAIGTS B ABOMF caébfmdmted during
normal é}Qt‘ﬂﬁl M INLS} Hh&ng'e@ il 6Edsh ?#&%ﬁé‘s ZIQJrﬂlléf“‘ tﬁ?c&rﬁ%l parameters are
ecessary p i odic “variance froman "optima
contmwmﬂdiy tpdateditn porvest the degreded pemﬁrmaxpielwiath tpy obeurtbkeyeen the tunings

t | s I i.gh )
or the TP oS T 43 e o RB0Y by BO Rl ek Syl Gpetciency
due totBY ndteHatyfer DU R faffReiGth iaf Moptahsl” $6hdE6n B ord®ctb ftdkt the
appropriate events for data acquisition. For exanple

optlquﬁy aFgr;t,lgqr By GonfIaly Bk Qﬂnﬁ@wf @dareﬂwres@hwhdilegree of mtelligence.
M%Hgﬂ \}gér‘c o o?EH 83%%1?%5 ner ﬁﬁd;gél Fﬁq%ﬁif?%;%opnate
eventsdbt datm a@tpmmlabcﬁﬂ:r e\xampkeum a)qyenem omr&lingsabatrdmg twatphhwtmdth
modulgﬁgrz}lbapr tglgeg%ys IV\&HTZ] l'rlz:a Eeaﬁg}ﬁ}jl y de\élgg %{{)&{}’gculal manner in
order féQiUtdh@ HatiRbHRASribRV S PRRAAIEUE QR@Lut B8Sin ft&fsy@téﬁfmlmecessamy
. Harris and S. A Billings, Self- Tun| ng and
deVla’%ﬁme409@3‘5@6%1@@?1’[10%@@@95 and Applications, Peter
T .
tlgﬁlglg{oug agJﬁWe{n]t%ﬁ%ﬁeth%dﬁfa% ?éer%e&negél%g%ﬁgé‘ f?f%%@&@ J. Harris

and S. (mrBlﬂﬁigs (Selhﬂi’llﬁlﬁg alsdsAﬂalthIG’t@trob ﬂﬂleoﬂy,andnﬁcpphammisnPeter
cont r ol "PRAC'). The first

Per egri}ﬁ%%g@i h@g A i, P GoP TR ghes e pgAPGie §91§f<énm05<%eference
adaptiPO&RHD] WNIRACAY, Qelf-tuning control, and pattern recognition adaptive control

("PRAC™"). The first two approaches, MRAC and self-tuning, rely on system models which are

generally quite complex. The complexity of the models is necessitated by the need to anticipate

unusual or abnormal operating conditions. Specifically, MRAC involves adjusting the control



10

15

20

25

30

generally quite conplex. The conplexity of the nodels

IS necessitated by the need to anticipate unusual or
wW@bwasmb4 operating conditions. Specifically, RR¥CIS2003/039175

i nvol ves adj usting the control WO 2004/ 053404

PCT/ US2003/ 039175 -19 parangfers until the response

of t he systemto a cormand si'gnal follows the response

erence f -t uni ng, cont.r.
paramnggr il e SRR SRS lo oot SRR Rl Y8 hrspara
refere@detn@dd . S t0finkROnEEITh VS e Rt RN BS Theliasaaleteld @ a hhiRess model on-
paraneters of the process nodel. Mthods for

line arﬁieqdwﬁﬁg Hy qonise! %angférﬁbaﬁqﬁrﬁm@ thoparaBptery of threpiopsss arpdel.
Methd'gg 5& pe V@ﬁ’% E%;ﬁ}fﬁtg %p&g{@r E(‘eldgeg\gs’i‘@éd] MK FOREERh and B.

Wlttenmznﬂﬂ,sAdamilve G:ohtrbl e“rdshsoad@r eplest ]éuhhshtmg Confpani €l WP3.t Bnmdustrial:
are, t |ca avai l abl e for

chilledyeniRe SEgetd of IR SR s wPRgle B rarae fidmplresying the control, so

that sél’ﬁlﬁhmtgrc@ﬁ!r&l’s ARApre AR ovEMrddieonal REYA G208, thelothbf hdndl £Rifficient
may be available for estimati g system

modeleﬁay l@ei wihdgblaifer estipabing systeaselficisoersanseanhrite as dipeussed above.
rs.that r
G RGoT SEo 080 BEaoblE LRI hffse
detemsmwaﬁdr chnificant @oidiit chhagegesload distatattes tThelvantelsparaheters are
o] paraneters are .then adj ust ed based upon the
then adyaied fpet

Hivgpn B ripaterisisPEFmERE s dasadsapp Feseprsis & pattern

recogrﬁl@@&&a@ﬁ% céﬁ&ﬂgpﬂdﬁpamtmﬁ@ dé’é%ﬁ%éc?i# €7 WK RQWES A9 T. J. Myron,
EXACT I's described by T Kraus and J. Myron,

"Self-T@ghg Py ﬁlon‘golrtdrmseial?ﬂt‘iem Reqogusleg Apareashy Guattod Binginessing, pp. 106-

R TR NN T —

1984 Eﬁt&h@mmdiﬂﬁ)@(ﬁhf@éhce ;Rr @8&892 T8 1115gd, MfAﬂBM)pam K. J. Astrom
Cont rol, Conf erence, -892, San go, Calif

and T (g, Smtbide ot T Conpopers, BYGRORG SoRREMdmerics
Resealje%nﬂrﬁﬂgﬁfPaﬁl Ry, @0@@@% | @e%isollﬁlgtr Pé’lnﬁﬂt ReSCB@' ﬁﬁg/e)gﬂressly incorporated

Aneri c Résear i angl e Pa
hereindlygefet¢nge. Pag EXNG.T methoaﬁlmher@ﬂppte@siowrplrme&lpdﬁr dbeshot require
herein by r ke oth
operatEir Tl R dn e oS PRaE ey Bides Surme SR dpefpre nommal
operatidi Bs/ B, K ACTaeuish alcheitRupalise@k@rep efdtebideeriod. During
nor mal operation. Before normal 20 operation my

this pasieg 1 eneioseTdyierineibe apimpliniil yalwﬁef GonEdeE ey inigeral time,
and d t1{7eei§xlhé Nh R g al%‘ﬁét%mésqhec‘ aalﬁgdeﬂs ndiEk g ?gﬂraxunum wait

term nes the-opti nitial or contro
time o@ﬁwrprocem dipe aoise |b|anzd is eavaﬂtwdepnewﬂtatwe off ithesexp&tted amplitude of noise

o TR B B P ST B PGB BAE o

will whit fét /LI R ﬁl@ﬁﬁ%ﬁiﬂaé’l@s@ﬁal taﬁ@r ®XReaE adiraRhk tRig®e before an
noi se on the feedback signal. The maximumwait timne

EXAGTsbasaé corixallenin nut o nRematxacthegrestpt gy 2150 wpacify wihier parameters,

such aé g{ %éﬁlglgg&iarnﬁ)ﬁﬁ% fdcfbrl (A€ E{ ?ﬂ%%@g&bwa{he E)fafaﬁ{eter change limit, the

peak. ore
derivaEx\Eetobamddhe stop siak.| Brfattsthewtovisibn ofithesmparaneterstiyen expert

. erator.may al so speci.f her par ters, uch .a .
enging?h s SrRPH AR RO PSR IRHOR BrcRess DGR geiial
chlllex?é‘ﬁ@ﬂﬁ@ﬁe?dle GaANOR ahbdldbfinitiBe of MeTd] ¥ArhdY 1@% f)(ﬁﬁis% prefdiféd over

he step size. In fact, the provision of these

teclml@léﬁsa’i’i@@}eq@@mﬁyn%r}"/lébm@ ﬁpn@ﬁ @pw@@tlong sHeAeR alpglgaded exploration of the
operatﬁ%ﬁslﬁ)g%rﬂq%% fe 1 n@fﬁcg&é bi! 5&%]&0% ion process for any
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30 chiller, and therefore such a manual definition of
initial operating points is preferred over techniques
wobkioghsaoehmence Wit hout a priori assunptions, BCTUS20831039175
ungui ded exploration of the operating space nay be

inefficient or dangerous. WW3,2004/053404
PCT/ US2003/ 039175 -20 According to the present

i nvent.i on, .t he system ope atl naI ters need not
L AC g R etie S B SR or BRI ptsmelkns fecd Hot be
limitedP4La prgbratdaget %oe@azﬁtng ARy PRhS wél@ﬂive\r}aéxt@eﬁnéwaheter values might
performance, while maintaining a

CEﬂowde I Npr ove
provi rayed pefereange, wikild réala@ué%g # ryrgp of pafelyi whilsdetecting or

pred1c'ﬁ é GOSs BF arifdch & %1 usOiRy 2 HOUS f{fﬁé %teﬂ‘l dBlicted
he PRESS Troetls Bk S

em construc opera ion,
durm@d»p&naglow; Ibdssms@nalmg with mannﬁl mpulMbtcé)abkarmmmaanmrmnddamts the

limt th t dat
systerrallé)lag @ﬁarl}%@ sgniﬂ?ysglg{)r}dg‘i%énan ag%é%ag i ns gyl:ﬂﬁ%f 1[%8 lncéﬁ)& and therefore

with okdd€dr %l%ﬁlty Whd a@é&%@é corn?rbl ﬁﬁl‘té ésy Iﬂﬂil@ @ﬁo@gﬂftﬁ 82de¥& a threshold,
control Strategl es. pro a |ty eéxceeds a

an errwmn@slbmlmdlcateér@r ethebrenml;al Eethnrtdk@at ed or other

BB Ean B RO SRR BT BB bk Rotwe
and Clggikﬁ @Nelsel th 'SBetl-Thriyg Gsindel Pfﬁﬁérnl Rbcg@ﬁhﬁn 'Apprdagh USbIﬁgoﬂ Controls,
attern Recognition rgac Johns .
Inc., Reggarch h Ruderdim s et SBhe h(eﬁﬂ#rerfentrqlg@a@? °u£F'FFé thiopitispal control
paramEﬁfHHa@éd &l a 8 ngﬁ&%%&ér Mﬁ?chq{i’ttdrm?é dGaRihal vy f rs{%)g% &F tﬁe feedback

on a I Ng factor, which in turn i's detéerm ned
signal mndtrhenaels ap esgmf:ertth entereuiyintkof it aaluesabﬂfonee@mmalememmon may

commﬁ n%qc %gfeﬁﬁgﬁv?ﬁvv%gémrﬁ)géom L1 al n? aeﬁ bef glleadband a tune
noise YAldU funk @haitbehAPH bh IIHIAFIOR AL aButhid G arhlb smm thus
deadband, .a tune 15 noise band, a tune change factor,

emphagizes {eROTFLicPRIEPL PR out put filter. This system
tMéﬁualqﬁTxgﬁggf foops Eeﬁf'@? Qlon%‘?i%er Qépegﬁﬂfj‘@at B&STWP?;%IOW

tuni ng of Toops  can eci a
dynanpcso oedskasg ivodiriall apd/ codmmmmllam d)lffdrengmethdds fariagtotuning PID

conteoli sFOTRRGOH B Sabibrior 1o el amay Thape ghp

Contrcb‘ﬂers] Instr@ﬁiénfr Sodierg @F WihricA IREIBIEIE Tri bt O Bar®f NIE.DI 8, and Seborg,
Control | ers, Instrunent SOC|ety of Anerlcan Resear

ch
D. E. T laRdidgapani D. i &elliglyom, PaosgssIapgcs ang, Centrof, JohrrWﬂey&

r
sons, {980 SRl ;bbb WEVARR ool OEERE AR, £ 8 chnge in
controbiasedparant! éheo rxmlhddeam ltasahcm élntfreqe&mnwohm whidt m’pﬂer some form
troller ou ot her

h h
of e fRER Bhsiot, Qe Rl e csppPe s B 1B GRBL Peg AR apages. and
frequeBby fe8FSHRA GletifsR trécfiﬂlre aTReR afn@ﬁﬁ’t TRk %Qﬁﬂ@%@fénﬁﬁhﬂ?% g time

are sensitive to load disturbances, and 25 frequency
constantss i Faegient Nishiels m@quﬁmtée@on%@ﬂg@thadmhm@ctmzes itheerespense to a step

changé n?rXﬁ%\llec 11\1%“ i |Vg1[1 gmh egl%ntaﬁgﬁ] SFaN @ﬁthga %s sensitive to noise. See

Fansi e response
also, mbllakmd &fdshgazi hﬂ)blue&ﬁmsﬁlyh or cikugit(ﬁpa amﬁd{@dillmnaka, "A Method

control | howeve, mpl.e at | thj
- Agtowiaaor B SRl epeiona AuomBug. Vaee Sdhiakai:
¥P§J§£hﬁzsystem %9«, oPRA YR o JQHlihe @&tlﬁﬁ)ceﬁﬁﬂas"ﬂ@ﬁdh'é& a steady-state.
anaka
In many systems, if the test is stopped too early, the time delay and time constant estimates may
be significantly different than the actual values. For example, if a test is stopped after three time

constants of the first order response, then the estimated time constant equals 78% of the actual
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for Autotuning of PID Control Paranmeters,"” Automatica,

Vol ume 20, No. 3, 1984. 30 For sone systens, it is
w@bdoesHnfficult to determne if a process hasperuasivesio3snss

a steady-state. In many systens, if the test is

stopped too early, the tinme gelay and tinme constant

estimates nmay be si gnlflcan y different than the

time BT o e T AR GReT e ¥ ST hep B B Eted e constane

equald 6088 of e a8kl ik @Qnsttérﬁfe TEM) #lig 3p(ﬁ“€&ﬂ@{03anﬁﬁf% ®He dyB8m in such a way
actual WD 2004/ 053404 PCT/ US2003/ 039175 -21 ti me

as to aspirgtchieteraner fifechestamis t Thus, ma}i@b%@nmgtswew&letaig@@thm may
ted f c

ovai SO B o A EALATRLE L BB £0PB) Bl S g i

sensitivity aﬁ dleyptant threnodlys tpermibati@isaboat thagperaisng lm)mlﬁﬁ‘lﬂiéi«tcﬁlltmlled

e ne tinme-consta Thus,. in a sel f-tuni
Varlabgfgﬁ e@ﬁ%efa|d§t§rmmﬂ?ﬁﬂw&§he OBEReHP® PehisHECfiseat ?frep%mroﬂed
varlab'ﬂéﬁ)r@é alﬁh%éd 1 habd 8nspRive 'éﬂf‘me%)é? tt@\%r ?Mmﬁ?é e‘i”ﬁh@%oﬁﬁ. The

testing the 5 sensitivity of I ant
efficiqney may %aﬂﬁt@n*glm@ ovtanhgolypbaas, |sn@}1 @dﬂzyrme@ﬂrm@ &Watt hours consumed
(or otl?e?] gﬁ%g}é c%l%sumé:)% ol I%‘?G{tl’?c() g)e{ ]%jgpf Itfjgc?(él?] Eﬂrg unl]og%‘?té éneagurements of

energy ednsabedis or @otingl suek eglchiperiige ﬁlff@eﬂtfﬁﬂlif oMl fatg bﬁﬂzﬁﬁ)igel ant
toward an optimal operating pojnt. The efficienc

near tpCORBTSHY ﬁ@@lo‘ﬁat%rﬂné%%wmdé‘%]é’% geardfie pvapgraigr/hea af exchanger.

Wherd'&5tp ér'mwt%oﬂﬁéi{tselﬁlgpﬁéb%& thél@ arOliARfent &ﬁﬁ&% avaﬂable or the
consunption nmetric) per cool i ng, or through

cost vaigsraygatimendasienenmay be mbasmedemepgt}ormo m@mmnd optimized accordingly.

. _cookin tur f er ent.i al
Likenfi@teqicighes Lol lali PR BR B St he bR dhdRie it
I A full@oset pRbatfehehOORIeACAM S Vi€ neVRpei&al Brdri@ad optimize the
exchanger. \Were cost per. BTU is _not constant,_either

efficigpgr akjgwetaiethes BYIS et earevided dencadias anapstapd ayailpbilitheor other
Cmmuﬁgﬁ%nyarles over time, efficiency my be neasured in
onom c terns and optim zed accordingly. Likew se,

t hernerﬁ}f 1nstaecusyparahetutsatfﬂlmarm;eaﬁg withdload extl eyindependent of other

variablige LS HE T8 PR P PR HEs CPUGER Gaet fingRdgpPergonalintegral

d1fferéiﬂbl @1119? dohifol d%fsfghc iSeBay.S. PRWaeds. 51588.37FM> w3680 8nd 5,355,305,
provid dependi ng on ‘cost_and avai | abi I|ty, or ot her

expressbrigeperataddissein by refensyed. fdn theother hpad drwnmiers Whigh have
I
mult1f¥&51¥albc1 g&ﬁfebﬁley\% Bot ?a%ﬁg/ ?ér%glvg%a n;tgl SC%E_% Etrﬁq e}%e ﬁfeﬁ?ﬁble to segment
the cohtraldiystemriato l(rfkeg invatiamenulfifqetovjabedritod éxiops,rﬁndgﬂm variﬁg simple
fferentlal D ntrol n See, U.S. Patent
controf¢Rops.5Vigly fogpther ei)f%tﬁeﬁv 8@10&%& ity o5 i hr oSdFed
embodiﬁﬁﬁ{mﬁ@{@gnﬁ@{ ein by reference. On the other hand,
paranmeters which have nmnultifactorial dependencies are
nditematsiy, p newsbhetegrk pmiuzhi-scvsalsetwark capiyoltiaay be employed. In order
to tralfl) ﬁ\?/lgl?rag% t%orlio taﬁjf%%lc%tgg éfl %ﬁtltgc om(:g%/%l%bl yé}l gﬂ%)rﬁt@ té ﬁr%b%g a specific
trainirigi i®dey &1 Whitl tlsd opRringaonditiohs droepsed, \ghmarhilyt mgﬁbheally, over the
efficiently caontral the entire Sﬁ éﬁ{yp as.in
entire FPEFRg HACODYRPEHPEBIHICH Of FRItOHE dnd %tfl’ésrlﬁﬁ‘l‘ré‘inﬁters on the

systen@l vﬂﬁﬁ% efﬁﬁﬁ‘ﬁ@&l‘ed‘%&s’c@ﬁﬁ%%oﬂ%r@l prOGHYR RS ini GO | PherBB¥er, the

| oyed. In order
neural network is trained, for example by back propagation of errors, to produce an output that

moves the system toward an optimal operating point for the actual load conditions. The
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to train a neural network, a nunber of options are
avai |l able. One option is to provide a specific
w0 e@isiags node, in which the operating conditiPCBEUS2083/039175
vari ed, generally nethodically, over the entire
operating space, by inposingjartificial or controlled
| oads and extrinsic paraneters on the 30 system wth
responses,

oSS APRL B FERRRRR T BB aRorreiern

chargd, rSee/e®. Pheht 8. 81PTRIIBY ei{ﬁ@éﬁly&h@@@@ﬁlddq{ér@ﬁ b$ l’réf@xfeﬁce to
pr oduce an qutput that noves the systemtoward

oﬁpq)qhﬁq om@@ﬂ@ﬁq wl%@rhetsyqt@m ip pEonidptghleamgagmode in wh1ch the local
operatﬁ%@?h e: cﬁn[g \7;%%?15 ’[\oéi%%)%% ’{)9 ﬁgé%%ﬁg?ﬁg{gﬂ%%g%lgﬁﬁﬁ%%er 'tc; aetermlne a

sensitietin obthe rsgstemrio [pertmrbetmmﬁu peesantarialpldd, suchr &fprogpss bat, ambient

charge, See, U S. Patent 5,579,993,
tempe ey P RCRUTSR df Fege Erar RIS ARSI FheBp | B thegstern
detemﬁﬁ’&rtﬁiﬁhé Bl%s&l\f 2h&RiApANnCie Rlibopialal | ieAtRS e fing Point toward a
whi ch the | ocal  operating space of the systemis

presumdm@@rmffmwet editionl Tda sysiem opparadta ypadoast agradiet thetgspecific
changéj ? &?x}e%%%c? fonr%{ﬁ?% Cﬂg\ésgt%naq% a%IF Ste %ﬁfo‘ie?%]oggratm%mode where such
changd:mel noﬁmntrenéd b}e’dﬁb eyﬂém nteelf oIfItha:mcas hasmsmﬁﬁciem tdrability to

refrigerant and/or. r erat charg en the_system
adequeeltmf% the oPeRURS Pojal, é@éﬁ? %@&tgm i%\ivéﬁe 3 wethodical search of

the spadRO P LR psehdor@ldoB! Sl BrtOBRE &L B d%ﬁ’[rﬂfle& BB Beeking to detect
pr esurmbl e nore efficrent condition. The system may
the effattam the onigubetiicency). ebenerdiiv Sls‘ﬂle@mh techuiquerge] ‘rhmeselves have

only a 881@ﬁg?%e%t onn%/ét%mr \‘;\i‘ﬁu i Ig‘cytS ngchwﬁg lg% 2 esgstgnlrtg r% ea%r]; hé:w condltlons
witho@@Rplicily estelyg & [@nﬁﬁgo‘irﬁﬂ& hftaeath alkefratidiﬂnph@g@&&l has
insufficient variabil to adg}guately map the

obefsRt nghe spmtol bppds aclaﬁw Pomodel gy e preFg SB%’?cfERf’cl eyperience,
and, wiEh h%ddcﬁﬁh syxEeh gafé}fnanég'&n% Btfels %6 tHe'HlagFJr rﬁ‘odel Jises this map or
pseudor andom si gnal into one or nore control
modelvapieadbit s optmki ogratmgpeintend dirémlyafohel the aysme tqmthwe the

. (efficiency). rall uc earch hni.ques w, ]
predict et RGOy b BRS IRRAE b EpRe bocs or
correspdrd t6itRNE@Mp oARJIW, tHe cohtrSWetlkao %Eﬁér@tmatrﬁvd Iﬁ@ﬁ Or ed¢l. It is noted
condi ti ons, 15 wit hout ex I|C|tq@i entering a | earning

that sugh @anagr aranodeh g1ey aselé haye [§He physiosbsigydicanae, mddhuy e@eyerally useful
I e t
onty £4x MopROFcE M e Ape@alRR R WS crfied M2SORPIS ot No.
5,506,568, fempressiy encorrorasplhereia by gefeteacerals noy abwded possiblego toistrain the
redict. an.o t| nmal

network hg{fe &’g}()%%fl Vg%l?“]il E%IFespWéd E’)@é’ ﬁ.’ilL( Grap & (r;,vag‘%hpﬁgp t%ls constraint may

lead t(ﬁﬁﬁl@f 6difb] eRsts-R iddrhdientimpleateptation ah&n eealiit@yn. hand,
when the actual performance does not 20 correspond to

t bee. flep' or nodel, the control seeks to generate a new
p Iz e
RO Lok AL LA SSUEH BRoEh SBAEL o americ,
ReseaﬂchT@mnglemaklyNSemm poelsy81f or applicati on WI t h| n the

N5t ¢ TGS ety Pirecry (HePEte FepEh T pyp md

ApplidaBb " eP&Er PdrbgriRY qu ?99?) MPeeiskl e to constrain the
network to have melgh s which correspond to_ physical

péir RoheedsClay Neploughelf-ising Sising aPstermBycompitiaazyprreach”, Johnson
Controg%iggc?‘.‘,re %%sggltgﬁﬂghe?ﬁﬁ@ EJ%ln.ofB,'15§g)f' cient inplementation
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See, also: A B. Corripio, "Tuning of I|ndustrial
Control Systens”, Instrunment Society of Anerica,
wRe@aasaM Tri angl e Park, NC (1990) pp. 65-81. ECT/WS2003/039175
Harris & S. A Billings, "Self-Tuning and Adaptive
Control: Theory and 30 Appdi scations”, Peter
Peregrinus LTD (1981) pp. 2 33. C. Rohrer & day
i on

b o T SR € gk A Betafiy, “PResSdBiios i Copsgl” Tohn

Wﬂey@gans 837 (119 .2‘9@3@@03‘!3/8035@404 PCT/ U82003/ 039175 - 23
Sebor% F. ar, & D. AL Mellic

ErHéB@@OW W &:Igraah L(f@ mlﬂbﬁ’atterruéﬁwtatm"e?/roeﬁeé% 198y American
, 4 I
Contrﬁ%%%g%reg% Pé W SREZP%% erg ,]Acd‘gg at [ OE“ SE’?ocgegi n\é\é
B&&ﬂcmmdﬁﬁhafﬂe omnnecs(?m‘eeffmmg & melgﬁﬁeilﬂ@?neoljﬁtaf] iA;:(s;ﬂysis”,
MCGI%&?@?"%@Q%% (?9?%@ ﬁ%d 23”&?2% f‘%‘ Pgﬂnal ysis"

MG avdtidind im(f@ O itfedmarllY A Cdtrol'2 %@dlsgﬁjw eﬁé‘ﬁPubhshmg
244, 261. K. J. Astrom and Wt tenmarKk, " Adapti ve

Compm/h(tw&?)Pp A@ij-ké@n Vesl ey Publishing Conpany (1989)

K rlz]gs%b ﬁi Bé%l%w{x /’\% 10 g&tlc Tun’ﬂ?g(gﬂr%i% g@:ﬂ%&%&tgu%?m Society

of Améied, IResearBeSaiptdPark) MOl 2B8YapK10SNGB2A 1988) pp.

105-132. R
TREVRHEREs| I%\V’]é E@ﬁﬁé?eérgéﬁé@dit e“%@%ﬁ%%@j@ng Reference
BooksSBmMJdﬁé;é‘u&ﬁﬁ@@)x 988)31%)0171(77773 M Pandit & S. M

r Series & em Anal ysis with
APpVi Bandio®ss: MJ\th"anet Sgrieg XSﬁmsemlﬁrr@lymswﬂ( Appi¥atipps”, John

Kr Z T. J. Myron, "Self-Tuning
Wﬂey%?%%%irf r’éﬁ(l 9%\3283 %ﬁo& n Recognition Approach"
C@”W WralksOTNE (Myrﬂg "SpIf-Tuh G- FIDICort ttller ﬂJQ&‘IPattﬁﬂ:R&J@gmtlon

3 Gomm plication of Neural Networks
Approggh I\/@él@lf‘lﬂl%llﬁﬁﬁn&@@nlq%fﬂ TemdgRen & Hall, London,

é%gf’nl)e_xg%flﬁ (Eorﬁfna‘?? lﬁ W]ahal]ns I?ﬂlcgﬁ’c‘ﬁ?&i” N&rm&%orks to Modelling and

elni: Dynam ¢
Contr@,Sthepsian 8Abﬂdllsbcmdvm,sl9§9 Publ i shing Co. Readl ng, 1994.

oG O 5 R S LD SIS LR PRARS. copot o
Dynanfic 3y6lefis 0, AddIsth- Wetley Hﬁ%hsﬁd@ Q. ReddiGgl Flod. D An d erson:

hlﬁggq%g}ﬁr]% glmq 4 %gfey ?psn h(/:[olre]:}ﬂqns "Tlrila SSQI%S Aclcl)aq}tfsﬂso lForecngung and Control",
Holden Day, San Francisco, 1976.

Sheldon G Lloyd & Gerald D Anderson: "Industrial Process Control", Fisher Controls
Co., Marshalltown, 1971.

Kortegaard, B. L., "PAC-MAN, a Precision Alignment Control System for Multiple
Laser Beams Self-Adaptive Through the Use of Noise", Los Alamos National Laboratory, date
unknown.

Kortegaard, B. L., "Superfine Laser Position Control Using Statistically Enhanced
Resolution in Real Time", Los Alamos National Laboratory, SPIE-Los Angeles Technical
Symposium, Jan. 23-25, 1985.

Donald Specht, IEEE Transactions on Neural Networks, "A General Regression Neural

Network", Nov. 1991, Vol. 2, No. 6, pp. 568-576.
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25 Kortegaard, B. L., "PAC-MAN, a Precision Alignnment

Control Systemfor Miultiple Laser Beans Self-Adaptive
wabeoalosiros he Use of Noi se", Los Al anbs Nati onaPCT/US2003/039175

Laboratory, date unknown. Kortegaard, B. L.

"Superfine Laser Position CQerol Uslng Statlstlcally

Enhanced Resol ution in Real™ Ti ms Los Al anops

ti onal boratg Y SP| E- Laos  An es Tech i cal
W EPBRRIcramaY battbised yomach B g Ve EeHE gt are wained,

using ga[c‘kﬁx%?ﬁédt%&e&rﬁdﬂ@&‘ ro?t'ho %ﬁiﬂ%&%quar@s @?di‘@fo%k-uBesgli&%' Q%4 nearest
neight®sigrogpdustanmg S@MW@B%@MMW@J@ZW@B’@@Q&W conzxpl Nﬁzwersey

Prentlce ﬁ%g ?Ldgg‘zfsgmgg%egﬁ Slgigc %gu%g%qs}rl@% aiﬁtwo S ?orliufonhnear
Self- Ttrﬁmgmdapﬁ% C@ﬁttchog@BQIIEIEEmhtrsmt@sMatgaﬁh@ | ook-up
schenes, and nearest nei ghborhood cluysterin

Vi, while a ggstem inyedet may he Bsadile papecially &urates Fgan@éwn system
operat heters! tRE taﬂ%@atfdﬁl Iﬁecﬁ%%%)ls a{\"én‘%b‘@lﬁgn et does5 not rely on an

ck-Propagat | Neur al Net wor Nonl I near
expliciBeyftemfumidey vAbpmareo3bavndine addgeon BEtha@emisisoth as those based on

Lyapu RPN S Naey P o i BB HET O G B fuay togic

controBPEEEE [Mignp@sRNEbefefencé BE FagdByRten@NSAEDRRD] C4lifl QMar. 1992);
advant ageous in that it does not rely on an H{)I icit

Laynegl shaspinpaitiend Yikoweh. peny vasy lﬁﬁrél%ﬁoptfﬁ]efoéél&tﬁﬂ( fpraging systems,"

e SRS AR, RTE- R, 0 oy 27 5k

" Nﬂamiaiptiee fuzzy yortmdiec(AlIC)de atuoolinear, lnEEplerityeut mailiipleadutput

(MIM§8 g%%c{o?llg{ﬁ?ﬁ%oup?p f%érzcitoﬁgs [ q,kg aﬁhﬁl Wg]? %%’a@ﬁaﬂoggnecﬁamsm to

contmu&kﬂr__)zﬁfnﬂrﬁﬁé Risteen ﬁéi’ﬂﬁ‘ﬁl@hcef Phe adHpka3oh Indhadibh In SN HBELHS location of
Transactions on Control Systens Technology 1 (2),

the oujpyt mpppbership @mggmf in TERRONgE Epthewsripurange ebiesystprar The adaptatlon

mechaffSiian 12 rﬁer‘i‘S m bl pln%rdaﬂgﬂhf E%{h“n?é &‘F@ PHE used as a
( contro ‘couples a fuzzy con
feedbaak gomtirdllrum wihitin a@m uﬁd@ptemmpmh anipsits dnd a]rEference trajectory, or as
ti nuously i ove system perfor
a feedBgh sPRFY! PSR P e Yot opfgmeasured

procesS Blripts ﬁﬁ@@fe%ﬂc@ trhjeB@ly MR S1doMmERSRAERrbehe HEnd other system
performance of the systtem The adaptation nmechanism

paramefgrs. ecUs SdPaentWom 8,828,740, 540,544, expresshi ineeuporatagfherein by
bat h. The AFC can be used as a feedback controller,
reference, :
ich acts using neasured process outputs and a
r &f disemsed Ak eciighificam brasss arkhbdbaeloilcontehobf e refrigerant in

th f f d ti t
the ev%m?ﬂr%;o?nee dﬁ?%rér j COH‘p Sa L?f%ﬂy§0’étﬁglegcwgrcéﬁ5éﬂﬁ ;;_emoval only, since
only oh Eﬁb S6dR1o%s QK tlﬁl o?pcoﬂ?éﬁ? Hé ﬁ)q;veq &%‘Heg’l%&:ﬁf* a%ngggﬁgﬁ{ot length of

system paraneters. See, U S. Patent Nos. ;
time, @dm@p@zg ad@dpnbls stisglf me;&'amgrjr gp@@ﬁh@‘r}mcnn@ql algorithm, the process

oo 8L SIS R  BEHRIRT, RSBy BB S ARG o, o
entering, the evaporator, to remove oil, providing clean refrigerant to the evaporator in an auto-
tuning procedure. Over time, the oil content will approach zero. The system performance is
monitored during this process. Through this method, the optimal oil content in the evaporator
and the sensitivity to changes in oil content can be determined. In a typical installation, the
optimum oil concentration in the evaporator is near 0%, while when the system is retrofitted

with a control system for controlling the oil content of the evaporator, it is well above optimum.
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t he evaporator. This variable may, in fact, be slowy

controlled, typically by renoval only, since 25 only
woromasaopccasions will the oil content be | oweeT/UREN3/039175

desired for any significant length of tinme, and

removing added oil is itself,dnefficient. To define

the control algorithm the process variable, e.g.

Thereﬁ;r%,tt o?u?tﬁ Sltn{uﬁ%cs)@tég ?%nlggqlio us) céfﬁ/rasglﬁlﬁﬂ%r%gﬁg %%h%{l% gemedmtlon of the
ineffi@apor ator, to renove oil, providing clean refrigerant

to the evagqor ator in an aut o- tuni ng pr ocedure. Over
t fpiact, theeoibjantenbaf BaeveRaraionpay badklependsntlyrepatiolled.exmcontrolled in

0 r

conceﬁﬁflgh i t h| gblﬁsét%ﬁ H%rpe%g gaglzc Iglrrlr%éé’]g)l teﬁ*g%thvgeﬁgﬁg t]%ee case of the

prefermd&mdro&itment vanch griveidsemsadeumutayortto baffangesssirafrigetant and a control
cont ?nt c be..determned. In a typical installation,

loop t‘P Hest at‘ieplcev I ESTEBHRARR $EPPBIPT N t he evaporator s

NAREordL tWohé Besidre tn E}'El@rrﬁl/l%"s&%ﬂr of f&ﬁ%&gﬂttl@ ﬁl‘%‘)wdé’ﬂt 'Reﬁlgerant is
control systemfor controlling the oiT content of

withdl@mpﬁﬁratthﬁrevapm afog thweligh apatial cbmllaﬁgmpmm@@m @Emmvou with the

o s O SRRE e LB el st
returné@®toetle aystam, ief, réﬁh@erahﬂﬁfpfot @ B8 eyapokaﬂoﬂ @dtoil tohke &rhpressor loop. In
cont ent t he evapor at or rray be i ndependentl|y

this way b ?ﬂ’t}né‘&n OY (CORSSR{IAKPT WY PR MAEHAE or\m:spﬁctglleﬁg.ﬁlgerant charge
V@r f

levels! B H aL? ggtleﬁ ?}}]at ;ﬁﬁi @g%ine Is gefultzr%fgﬂ; %ﬁg@g? ?&21&1(&3%\%% afnrﬁrgéftfé? distillation of

r efrlgmtahrqlﬂtwlyw avhikcdhargingthe system bygifhf lefn@mm 011 are relatlvely

auicky Bt § SRR RoTE0kG b PSR flfgn Siem Moy be

tempogt@i ggpasﬁdal xdvasveglypiesierivRiniore imp&idnt gema&itpehiSloads quickly than
provi ded. . Ref reé%erant is withdrawn fromthe

to ob‘f@v A5t eltisient pReSTIEIe PaTgRRRters ARDSEAERYY 9 RRekderdappar at us

' ﬂﬁ?g&t@@ tHa Sa@éo\f&’lh {Me chJntaeemB?)'d me°1ﬁB ;p%s%ntsﬁl% Poth

Base ie cont optim zati on, erant and oi

refrlg&iﬂ&-’(ﬁ@}d&ram ailcyleﬁrigermt el ba)mtiemndwtyenntm]l@i variables of system

refrigerant vapor to the evaporator and oil to the
operalilvpr essor 1 oop. In this way, the optinmum oil

CURE Edthpratdo hafBlo B nitRiul&, ArbxhRible @Sdbﬁﬁrbllfﬁg a compression ratio,

refrigerant charge levels. It is noted that this
comprgspet shpeflscogumessen qupy a@%ﬁﬁé@ﬁeuf@quwwmlmldﬂamd/@rambnél
modulighl LdbeaB: Shie, 6] LGERRA of e figh at | vel y. sl ow, while

o) gerant and oil are
r Wlalelth@ilmnedqatb ceiiﬁmdlfcy R)ﬁphed:mpmhtd)r g be ofcanetd agamamy a single
til at i.on em

comparEigsD AL G GYARRERRa Y BiRE e sho HRERY Tot Mgt s o noted

that ar &P?ﬁés@ Rlayla@hére & thl@%@gpdré?t@gﬁlbg Waglk! Bytﬂ%@«nng élearpll%ﬁ"f‘ge?ant through
efficCient operating paraneters Subsequent to

the evansaefer, this ojl ohesst whichhas a langevimpwgnitant feraclrazeoiem the walls than a
mixin g%??és%?%e tﬁ{lk }e!ﬁq%&ﬁlﬁsﬁ %mb@ 4&&[1%{;?&{51} b?/ fnodehn%the evaporator

er ant
and mbﬂdﬁh@m@lﬁaﬁﬂ pj:ribﬁﬂzirfo@ B}e«émoarngahda e phéftseimt émrefrlgerant side of the

oper 20 The ressor may al s uIa
evaporl ‘Ghcif-a §)° SEAEPOIPPNG O g eass S B &tdheava I'may be
estlma@&mT hisS# YUrnS Ql?ceﬁ a seftp ﬁl%%ﬁﬁrfofj&@té’mﬁﬁﬁk%n@%&ﬁﬁ efficiency of such

frequency, pulse wdth and/or hybrid
deposits, and may allow an intelligent decision as to when an expensive and time consuming

descaling of the tube bundles is required. Likewise, by removing the excess oil film from the

tube wall, efficiency may be maintained, delaying the need for descaling.
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nodul ati on), conpressor inlet flowrestriction, or the
like. Wiile the imedi ate efficiency of the evaporator
worey4los34peasur ed assum ng a single conpart menPCHs10081039175
the evaporator, and therefore short tine delay for
mxing, it is also noted 25, hat an oil phase may
adhere to the evaporator tube walls. By flow ng clean
B BRS8N AL Bt toud
and pli@ltéBpdrh@re, dhilBrhied (RpeE&sS) Ritiablee il effediércg ek Witlon),
is renoved. Advant ageously, by nodeling the evaporator
supethgpictenmppiatise.isHecooYing Empseathiss dﬂﬁﬂ@ége DygsSEESnBMAcHRpat teEpgiature,
% b
suctiof JftSfict SRTUERES S REL RpBlllfe rebll oy ROGEERKigh
measutdngertt oD Rilowedtt-horay plretod thag deiperfbaded, dhinderrddt frémotiser oatigbles,
i, a useful nethod f determining an effect on

i
preferglfly PrACER 5 BIalRSHnd doBo€i%®s, and nay al | ow an

| abgbl ekgﬁt@ﬁdeﬁﬁﬁfeﬁé@@oﬁﬁe thmeVMPe%n a@@el@ $PBB D@ r@NGheldf @Erro gate
consumn escaling o he tUb bundl es’is rGQU|re

variabl_qs Haasfigad %dbyctreéﬁmmiomgiatah weighdadavoopf a Aey-Hinear syrahaetwork model,

o e B BN, B S e

Charactefstitb ef @ plelica [Rotael Scger ArtCadiad lelbﬁ@ﬁéraﬁw Ober a Range of
subject to V‘i‘rl atjion wth nom Q@Ig 1@@ |1 | oad
(

Refriggraght hitgr@paitions; ki TeAnat %Caé% rtﬁeaﬁpé%,l has an
input la l'sg‘grl H}Q)ehl@&éﬂ 1678844 & WitRPlayer. %%ﬂﬁ@iaﬁﬁ%ﬁéﬁﬁ Héseone node for

cool i ng tenperature, di scharge pressare; super heat
each ct)muqziadataua‘ele whilecthe arpup taysseangaismeheateide lf@d:aWaslgnal The Bailey

neuralrpggvgcﬁ}% é@lﬁj es VE% %Ir ﬁ%s V{gtcdfee rgb]?rga%{?]lay?r e ﬁ)go nggescflore oY o%tput node
in the B&oh@ hivken latyér iméRfdbe the RM@daryis pﬁfobs%bcﬂ gfior to input into the neural
preferably process tenperatures and flow rates.

netwodbtﬁﬁd x FPRExemply dRaR REPessiBg of HsQrARIS, d5ta nggmalifatioestatistical
procesgﬂ?ect A f I%S’e rife®lo RHEL o3 Pro\(l?d;avagpiog)?afe%ﬁeé@s 8f to reduce the

ency data, welg a non-1T near
topologeal «ad corrqiumlnhalrmd@ﬂqxnyfo@ theeneairgd netvairkr Farlt datectios may also be

| oyed.in Baile rgaret. B., "Syste
integrilg P AR e At 0 e e S iap pEdl ihvopk (or a separate
neural FREGWPbT byGaRlyeR offid detsorarratdtng ases. a Range of
Ref ri gerant Charge Conditions”, ASHRAE Trans. 1998

15erdpyck animiprtioncasEo! stecies ges mpAw ke applief fpiansienf apd dynamic
sﬁuatlfn‘@ Ek}bﬂlqs r%%%f@ﬁlﬁza 80 Gr Qéﬁegé‘ 5]%8f1t1ﬁ1‘gsg€\'ﬁlchji-ﬂﬁn ﬁaﬂgtmtroduce small

er typic as one-no contro
pe1“turkraimlna bf the mdupbm:lehhﬁ)ntmbumdbw &0 cooperailrsesiso noddjectve function,

may bf ade A Lpipof iserorsadent yfert B amfoorBagbEnar plsgrtms may
be app%a RdHhe %9%1%011 Bf Mﬁg&m&ﬁﬁfsﬁhﬁd 88e, 3y EUS PRIeaf Kba6l406,761;
he sensor data is rocesse or tO |nput into the
6493, 6802, 0M61 6 3B, 1 G Retpbic.41 547836, 431 Ju8se o227
6,405 95,%56311)%0152%89’7”1% sd?@azdﬁ% blo3atd 4.5 533)t %%25%&9"% 314,412;
cessing, rhed ac

6,304 8623\6 k11| 91}0;96 000,872 21764;52863 61238,962; 4 WZ@ZB,IéQéOBéQ 6 ,250,560;

o2 B9 00816 BT BLIADE) sEO0R) 10 o iR e

6,064,586 63053LRM 69853 189, 021880 §lo6h YDY; @9216@%@18 695, 3,0€2,821;
‘nedral’ hetwork (or a séparate

5,877,954; 5,848,402, 5,778,688, 5,775,124, 5,774,761, 5,745,361, 5,729,623, 5,727,130,
5,727,127, 5,649,065; 5,581,657, 5,524,175, 5,511,158, each of which is expressly incorporated

herein by reference.
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20 neural network) or by analysis of the sensor data
by ot her neans. Feedback optim zation contr ol

wa@troanslynes are may be applied to transi ent aneCTyYsRzN3/a39175
situations. Evolutionary optim zation or genetic
al gorithms, which intentionally introduce snal
perturbations of the indeperident control variable, to

e b P ospBt Y el D LEE e dPer OF P ndSpendent or
mterd@ﬁahaérﬁ phiaBRteYs. teABN@Ik 6pihBafibl HAT bBBYedn REnABPpioBEkses

he optim zation of refrigeration systens. See
exhlblémg long tiereemsiants od with digrerbpaae varighbles fiag glsnge mfgezl,ugmbﬁ Hybrid

s oyl B gL S

The h@r&@g&ﬁ&ns Gre3B36e19B9 mobe AdpleBand feqBRd cmR@n thi]odihg fél2truly
effectlge gggleglgéta 1gn g]g%’dg%:% cog’trg]g%m%éél.e 11?1652 ggg%ggﬁec? in207e§thi%65%thations to
achiev®: O%gglafll%l t RrRlfaR83; 6,212, 466; 6,186, 397; 6, 181, 984;

6, 548: °6, 110, 214; 30 6, 064 996: 6, 055, 820;

6A©®Zd111890 01 @Qh_ocm@nt &, t@@@v@z@n 5r@°za;er@19tgsld65m 3@tes FRle heat

trans £ ipp RS in g sSApbialai eaP AR iy B S6RB el by splepifuety
modifPing 3 feftigdrantcondtds oD, fob cldidpl 50 tenfove 24, chd Bithed JlﬁjbﬂmtiééS For
each of which is expressly incar pgr ated herei

example g therriblevehof Stsoafeasmng i edngedisabdesivay Be reigrgerant side of the
heat eﬁ?&%ﬁ%&i oids WAL taﬁ@ b@ TERRBA, sh{&é% 6iPHepolit & ééﬂ@ltaﬂ? |sol@f91§é in the pure

operate on nultiple 1 ndépendent or ~ 1 nt ef dependent
refriggrantafbe beat exStapgetymayt tite be pmalmezlam afdnasmyo Hefeuerd avays First, if the
Lt1n %é% e constants a

reviaqitt s PR e 26 Rutoo TR b R s B Bl 1 Sstem

perforiéRed flust e dat @depdsitd n ik Sut@Rle0Seeod) assutnigt 4 DG process of
i nvol ving both I ong-term and short - term dynamcs. 5

removingeintpBFieat ot %Ffpfflﬁﬁ@nw@e desrranannt of Fefigeranriisledmipaivaent may be
estlmart@dqwtﬁ(ﬁlt ﬁ&ﬁ&@ﬂ? [Tg;' r%{) tfirg fim alf'rﬁéﬂty Wﬁié‘ &¢ Et'a’eéﬁ above a certain
I npl enmentati on. Feedbac

cont can sométi nes
amourg b yey resultcie mae eff&idm apenme;n then pmheﬁ@ranptthlﬂmiay be added

r nce. Acc t ne enbod nt . of. e
back, o GEredPEnSImae ot pioger anp X pAte 0 FTRTRR 1 FEPRBatmpIEs and less
costlyttlﬁﬁr&fs&ﬂmg RAvap&Rtor %@re&%v@mf%&{eah&@ha%éqﬁﬁﬁﬂﬁl@nt and is of
be di stingui shed by selectively 10 nodi

mdepqnéemtu bgeefirie sxstrmeneeiien it theiefas argyldes e effé:nw @r@ﬁduraﬁfd
deter hfﬁ% thy ﬂg%H rbeI ?[%}nslﬁfglégu gﬁ%%ﬁe he gtche} HS}CP k%fﬁk?tﬁ@l puﬁ’ltﬁcatlon

géra eposi
consutnesd ene@r amd may teluoé cifaeity, htﬁdlrese}ts:hla\regﬁtow poesblwisiboptimal, oil

al so be reduced, since the oil enerall
concerlftigns B th CYFROTieR &0 C?f&wp@wgﬁd ca %@ a%%ﬁa %Qﬁm@éﬂfd

Meyud ReHsRE tRR §|p¥1zt§1‘1!)a’t16h A sybeasksfonSe B Jri& 8 abteWaMS a parameter
First, if the refrigerant-side i's conpletely cleane

of the g¥stefe frowit ﬂlgntedh@ porapiessoe rentrdlnanddfarienamplenchengesyis refpigerant
pur1ty,sr%g ég%lr” i Eﬁg&r\n C QTR a%ﬁ ﬂ‘ii ll?ket %ag%@ 3 de3n 812%& {Bfee)%lg :s]xéstem

econ assumnin 'OCESS
operatiofipai r ment on t he refr| gerant Si de t he amount of

refrlgerant si de.inpairpent m estimate t

al Rt ERRsTIeA ¢ ?‘%‘&héﬂeF e R P‘l‘sn‘BWE actiyf ‘éCtS 8 mﬁependent
variabtks 36 t1RIPY&Rss FerfltfdaAtdan best be optimized by the use of feedforward control.
However, an adequate predictive mathematical model of the process is required. This, for
example, may be particularly applicable to the inner compressor control loop. Note that the on-

line control computer will evaluate the consequences of variable changes using the model rather



10

15

20

25

30

amount of oil may result in nore efficient operation
than pure refrigerant, this my be added back, if
woewassHNy. Since this process of purifying theCT/US2003/039175
refrigerant is relatively sinpler and | ess 20 costly
t han descaling the evaporatof, to renove water-side
heat exchange i npairnment, antis of i ndependent
ben%flt to system ogeratl on, it therefore provides an

than pertytbeiedht PRCEEdtEl e Stgh 2 Brsdictivg matyriaHealmeeds! fsgherefore of

particH¥ShE T MR RSN NG is FHil A< OF Q%Eeng a&qatlc(rﬁgBﬁl%q{o‘ﬁﬂhal operating
purification ‘consunes energy, may reduce

state, arajyassibly, indinativeesubqusredsystemnyndigiananse ssidstoye system operation.

AR i BEETGT F, BRSp haF B B G

technﬁtﬂéJﬁauSﬂHe atnsac&ﬁ@ﬂé rbh8sentatidf oF tHeliRbded) ToenS¥iSta@ife-to-one
onse | n order to determ ne a paraneter of the
conesgggfe

aeR Vih dhetorpeass.tthermodelds rysieraly updased just pricariel eaghgise. Model
updatlﬁﬁ Wéé)%maﬁmgélo'f @eerdggu{k:qlg %fl‘?ta{emo&ri% y&%&éctlr?gl féu[e: cg)%{d%gb[edrwuh the

currentt plaﬁb(qipemtmgMQ Mmnyopdaadcs aoted be thervasedad edjpstoeesindey

i.n which there are nyneroys ,interacti eefect of
coetfigigpfa Bbﬁi‘a éthotrgl (6 PAFARCASI s AStRRERr codid 1@5&1@3 PiRlsgre based on
physuféﬁﬁro@% %leﬁ%n%Pﬁﬁdﬂhé%IQYnéyhﬁ weetodnplerdf MdvaEfurable

However, an adequate predictive mathematical
charaorﬁ@rcsélps of the process is required. This, for exanple,
t

RSBt Ot e AR BN R 6 DR Sy RRRSTRAREs short
latencyptdce iy deaiaadﬁ hﬁa wahsagquemnedkr,af alvamaked @r&b@(ﬂ@&iiow to

usi ng t he t her . WO, 2004/ 053404
implerpesty %@mssn@\s gl 6T ooy 1@%&@% aF eiHlting i the tigregerstants are

errone'ohﬁ? lcémp@é& NE&-tIRd: eiﬁ' o?&él & pFR e TRl %Etvm?g Qlithl Brect tempo1 al
herefore of particular Use in its failure, which

contrql pehsdiyityvaslarge 1 glylglee af deut zades mag be meqingd it re@resent the data trends.

eratin and sibly indicative e
prefer %) B e Rhifis ROmPRYRS Plote b PabRsbibPuplighf BASE witn
transf@fred dige-AarVingldbg igpititortieaicul né®sdk.t Thd tlﬂ@lsfﬁihﬁﬁﬂyﬁbd: @éd example,
nodel in a feedforward 5 techni que nust be

in the FEerfFeengydpPiesaAtion; oiime- W@lebﬁea@é%réw% F@ﬁ %%TQPIS» first and

on U8 1 L SRR S i1 1058 St e e

data magdatcaloglaied aad $Sgkiitht hetedrk. oAMroﬁtel‘y@edﬂduﬁ:ﬂonalty e cuivput of the
red w .current ?

|
neural JRAFarl P beish B8R0 &6 Breb RS Gettiif ab M puS Rt BylP sienals. 1

is notedicthatsfor eearh@e if KeVrefi@eint bl@dr@lﬁl% dhillldrRevarndelt id kely that critical
enforce the required agreenent. défl cally, such nodel s

timecopsiantspf e yptemovibhaleq vy, phesadro ‘é/h@htpgesugwg that the system has a
set of Ir Sﬁaﬁft Ghfec arRsemF{i ﬁﬂ)ﬁlhf?ﬁ LIRS yanﬁ?ﬁé @%?ﬁg%?%%\%g%o?dmg to the

aracteri s ers,
presentt mventumsmdmsmoaueh vietigal pmﬂgannsl é‘hb kbstrolegstemshabiord preferably

employ NS THRE Bb1 et e mPslen O Fftient . ang

PORRS pbibAtidllySke il pRICER pardniiéd R michdirdicRY6 h{dlﬁaﬂe%ﬂlgeram
the tineconstants are 15 erroneously dcogl%ut ed
Ch

breakdoyyny reducts, lubsicail breakdg v prerbicts, preel {cgagseni ang other known
1mpurﬁ’fe£ fiCthe tre%ﬂ@&%ﬁtj Likewise, there are also mechanical parameters which may have

optimizable values, such as mineral deposits in the brine tubes (a small amount of mineral
deposits may increase turbulence and therefore reduce a surface boundary layer), and air or water

flow parameters for cooling the condenser.
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control sensitivity, a |large nunber of input nodes nmay
be required to represent the data trends. Preferably,
WO eovposHEb4 cal cul ati ons are therefore nade by | P@EHEE2003/039175
conput ati onal method, with transfornmed time-varying
data i nput to the neural netyprk. The transform may
be, for exanple, in the tine-frequency

representation, i me-wavel et sent at i For |
CTSHERE, Ukt SF saffolayast oHAmAER Vach g iriyan optimum
value 8f 0/8#7hileAf phRYicOd & chRPIERKL a8 i0di RGN ImPads®1Ofo obtain or maintain.
transforned sensor data may be calculated and fed to
This diffieultemap bk expessed aag @¢1y1cg ICOSi @ BR PRAAY Fgst, uhén mytq@srt the control
systen% mag 23% éertg éﬁg\% 6$ ootééﬁ%gb glglggﬁag%lﬁ {f ?ea&m& Fra e & S8l ngactlcally
acceplablenat @eeférable, to fanediaRMP |Aed1rd:dt cbdﬂ&)eﬁ@ﬁtralnll@ﬁl@ Iﬂiayﬂd&aﬁ]@&mented

q in a Chllgﬁ% is varied, |t is { 5 fgat critic
oweysr iRt thysslol %fremﬁ@ag%%s&ww ly gﬁlﬁnt ﬂ@§ongol system may
therefBREIni 1R kifBe P4 ﬁergﬁl'éfé?ssantdr@tthelt 19810%%}1%[%&3%11@6%5 tzae(gon%l strategy, or

I nvariant timeconstants may produce error
othervpisefidr Thel thsgdobhmay, o fati, rbg adaptivieer rfpﬂpelssem toj athe@system conditions;

makes no h critical contr .
for ex i Bon PR Heo s E Ry B RO erioe e B el ga periods i he
remediRioAGBEH RoufdddveRelyl afteer fyeleal pepfdr@incsasin BdfREentGEReVe capacity

potentially useful process paraneters to nmeasure
existsitgepniigpae ABFI3EQRe, refrigerant breakdown products,

I I t :

azgﬁéé ‘&ﬁg %ee& r%%%ﬁg Q%e Iﬂfﬁ_gag%:sf Iésegﬂél lltﬁ%g gg %ﬁqwegsr %&lﬁes@\%porator an
initial L(bﬂqmmodm) demmmammﬁymmmnhammml the samerbpammem isqineferred,

.. ave timzable val u such as m neral deposits
while TEdpAG GRS 4 pantecail Reatliins SRO R b, a
dep@sicise detoltLﬁﬁﬁgﬁﬁ‘@@es%w Eﬂér&ﬂ@@ptﬁﬁﬂaﬁ&ﬁée&&%tﬁm% @{ciaUd‘o@aplete the
a surface boundary layer), and air or water flow

procegsyREARE.< - theoilceBlenhef the evaveriiansiey be wotaredis the gmiimal level. Tt is
t

nored BT RO 008 oy Aol PSRN 1605 808 8 BBl i

1nc1eave3 |SOI & ipflesired whidlect ian iptislaiondigipn adichewillgrovide $ha/mhx1mu|ns effective

.difficult or .i.npossible to obtain or nai
otfcicyy brsird fpe ﬁ@&"ﬁ RS AR P3G PRI (o ey the system to
efficic@NEF@Midh0 StherdTbie, 1h8 oPMhiLHASE prdf8blg ARtk Bines Y ShEMuMperating
be set to aIIOM/theoretlcaIIy subopti mal paraneter
zone, phidie prpsessirfirighlegsebhyhad at tballwer?nd@é dpstzopp eftetrigeasurement. This

Le t Ald f

o BHER SR8 LBy IT AL AL 968 0L AL e

thnh&habdn1£ﬁ@ﬁﬁkakm@nob&ﬁgﬁb&ﬂﬁbbmmﬂemnmﬂc@$hhﬁﬂﬂm&mdrmhmﬂhe
X The contr ol stem may therefore nonitor these
1mple‘6‘5?tﬁﬁ?rﬁ?%¥°g algRHTa 1 1oF FRATBRIE dnGHISE &?ﬁiﬁ 5qaﬂ%r@ﬁéﬁtm%mal
imple@@Rthfid oisthé BEAM prfless. Ot herwi se act. The threshold

may, In fact, be ada tive or responsive to other

sgxgnetmoa: orei bei pworgided oa;rtheeptams gariably, écwé@tﬁmm@wvhpn oopsization is

ref er.ab be. def ed durin e
necesi B RS eFeBantan 1 aL Rty OGP ety
measuSMBERITrABEL HelPrive ﬁlea@cﬁém&htﬁ hiagibe niked @&@cﬂé&ﬁe@l@@@&h&&' operating

. exists to continue operation. Thus, it is seen that iIn
IegM&ome i nstances, as exenplified by oil levels in the

eYRAROLAL QL. néEsurérﬂéﬂtb &l th1Q% tP8NinR(eS., HBF bRk befbralthe

systémsensitivity to the sensed par aneter is
expecierd opemtinglregime), the system is restored, if necessary, to achieve a desired initial
efficiency, allowing for gradual variations, e.g., accumulation of oil in the evaporator, while still

maintaining appropriate operation for a suitable period.



10

15

20

25

30

while in other instances, an adaptive contro
algorithmis preferred. 15 In the case of autotuning
w@e@spsHes, after the optim zation cal cul ati onBCHIS2003/039175
conplete, the process variable, e.g., the oil content
of the evaporator, may be r ored to the opti nal
level. It is noted that the process varlable may
e oil |evel

o ARG miabiieimelit fb sutpeiiehastub sl g Sompusrucmperase.
thermé‘cgyn'aﬂlhd hRhmE@RY nlaly QbR h &Ly We lehnpyRY it6 BetbREINEWHA Y Dcess variable,

fective efficiency between the initial optimzation

e.g. tharail levelubasecharsn ormsrimelated cesufcicatievele ta tequisy smediation.
Altern%ge e}? f fdlr%{:te&f %gﬂt?att og%eag-tﬂ #gﬁtorﬁ% bd QE?DP 811 the rezﬁﬁéergrgt A the

rmnes nmim-oper a
evapotdm pﬁmﬂle&asa/c&‘rrbﬁtglemtleﬁ baﬂnbmm @1lafortehﬁnj)ley\$lé n&j’mﬁtoﬂﬁlay be an
he zone, after_ ne s r end, may
P‘ﬂcaigna L. fich a3gglay ﬁtamn% o paashy @%P%Iiﬁed herein by

referef@asured. In this vvay, it is not necessary to
continuously control the process variable, and rather _
t Hecloﬁedrlﬂ edbadk device why sdelotd mhmtamy prdcess eaiablglvdihin a desired
ement at |
range. ?ﬁl% g(aggcﬁttoﬂ ong?ng%lggs ga ﬁ@hc pggle t%rg@[%rr 8’{/(3'8_%}1585 t?% Pll content

of the tréfﬁg@’aﬂtc & Setpéiht aﬁinel ;ir@o(ﬂt@dr%l rﬂlﬂfﬁeﬂmnn’fe@mbbbmdl Afuzshlogic
essary. EUfln reop tlnzatlon it is not almﬂ

controp eb@eiﬁw 15040 AR APUPEREEIVER 7 Estaergnt Giidletipr fgiges which is
typica{lﬂéb&ﬁlze the oBEn‘aﬁﬁ% FRASHIHERS! E(ﬁltfml/irr?@ %&ecﬁie b9 lév%pﬁgﬂegfes to a

desired operating reglne. Thus, after
level a’m‘ém]mfﬁelnncsy lanmpalaﬂde thetrofr@etamnStdlitléleg 1qQ remeae ozle erne @illis, for

ect eratin st.em
exanil, P RERIR I op HBEEL B RERS) 4t LG8 Bkl Reied o e
compﬂeﬂ#ot iradt. LefHhi flafiycloRkd! 16 fREdHatk caitasl wddy BeasnAbyedns maintain the
accumul ation_ of oil in the evaporator, while

systen o Gpkimt ARTEIGIETglt AR EbiRR i Hiepeisibbriorstsley iAdip insline
dlstﬂligg)?ll p?gcesm%ﬂ%/epééc adSHld é@ﬁggﬁfroﬁg}gﬁm 18 Qhéaf‘?%?east@ system

cl ency measur ene or surrogate measul
(Huds¢e Tgchnobogigsy hms)mnaydrqmmzﬂgxed hdmvﬂawermmy naspsenpypaaly Brgy and more

complGE e BRRSHE Ny His e CEaleRt NE L, SGpresty BEGHErered

hereindf/GoRknaé, alud 19r0$id%§ h pbiAHle ﬂ@v\féﬁ or fPrig@aMire@amation. In this system,
remedi ation. Alternately, a direct oil concentration

refrigeierd upydeanvrified poisie.rrathenthan raguBinge fiy §agh instpnce.riranpporgng of the
: f

refngeg%[rﬁ f?(? ? gérc%el)l(ng ﬂflgl?}g Ig?s ﬁgﬁé t()gf“ e%g%g%gﬁgﬁppog%tg? %%’Pﬁlot{y reference,

also dselnswra, refigetana secgel i metbold amd dppSratiRat ent  No.

5,694, 210, expressly jncorporated herein . .
CloriBy Bl Seper GV 1B ook il o ifed it Gagtignal
dlstllla[fﬁ)hrbh&hﬂmacoﬁfrgﬁ@cﬁt% bea b akhSeriteielo v itd 8§1111E1§ %om“t Sl @herefore
hus, a direct oil concentration gage pr cal

condenses rr;i@a@nﬁét rliquirbrediigesant r¢neainiog vathie élmvesspd) Bﬁla%{Y@y pure
refrige i git In] the gdipha h1 ¢1ess yolat tle 1n1 the 11qu1d phase.
6 BELAN o AEDRRE M RIDL Bl PLIBRNEL 0

The pirh eefhg&ﬁnﬂ is usédetd ets@bh‘,slfthé O]han&di)}z’d@ﬁgﬁatw tlﬂs bﬁ)V@dlng a sensitive and
f t I
stable rS§?sterrr|1 Tflg ir‘}act%n%h;f d{sghec? purifi e\({ll lfq?nd r"é‘f‘ 1geranlt 1s available from one port,

while impurities are removed through another port. The purification process may be manual or
automated, continuous or batch.
One aspect of the invention derives from a relatively new understanding that the

optimum oil level in the evaporator of a refrigeration system may vary by manufacturer, model
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typically oversize, and operating well within its

control limts. As the oil level increases to a |evel
wa@eoomoszad ef fici ency is inpaired, the refrigerBet/Us®03/039175
distilled to renove oil. The oil is, for exanple,

returned to the conpressor Iﬁlrlcatlon system while
the refrigerant is returned to the 15 conpressor

inlet. In this manner osed | oo contr
and P’c}l;ﬁs}ﬁﬂesy Byt iR aeR e %‘f FRriba e gﬁnpﬁeﬁﬁhe process and
may cﬁzirfg\e GveNEe. The btiMABeldI@ted fotitd &S BrRISS gf&l iff fi t11Qube
an active in-line distillation process

evapomg, tﬁ@opmplaslslevﬁen@v@ghﬂt\me@rl -5%ont whighpieail bubé»les and forms a

film ogltll% t%ﬁ? §L‘ir§ gés, ﬁ% Wé sg}g Sopeg ‘ic)‘g{ngﬂf %?/?)fﬂgac{tﬁ{; h%u&(fgé called

nuclestiod bﬂﬂfn@ heﬁﬁﬂiﬁﬁs&% tiea ﬁaw%Staﬁﬂalfﬂbwbhd)}ﬁlrﬁal fofl@®8eentration,
at ent . 5,377,499, expressly incorporated 20

typica %ﬁ@?ﬁmB?bP%H%@ence thus provides a portable device
f QLeiiS oI HSRAN a 0‘%%1 &érﬁ)%tlo}l Hlaﬁfms@f Y ?f?le?mlerﬁ since the oil
refrigerant may be puri on srte, rat

removabpmwss mIpy requissexipendisiaoitanergyraad ypass iof gefngera:uhteand an operating

r erant 1o a recy L i faci,ity, U'S. 709,091,
systen, st B8] B e bt el e i i eggdtier may atso
1mpacﬂ$}f§€3nﬁ§iﬁ%16ﬂci, 6h hingRharihcdmRyat Wil thedhadesin@ ficiency of the

apparatus. In the oil separating device,
evaporifant ageously, the refrigerant is fed into a

f Tﬂ&st 'tlﬁ@gé ectzcﬁ tﬁé 111t oﬁtdoggl t}ﬁgg&ﬁ{e a(flod%ttl'irﬁlnll %@elt&” a%mcular

a’tenperature
procesls tvenaijla peramemd Baﬂles aj md:th)ochadnuidmgnfo the tpventioredxplages tha bptimum

rengi ni it el . Relatively pure .
vatue, oG Piega p E1qveS e et O i 1o aCe et Jfepisq, ganethod
permité PeAbdit etindRpEt bf B8 sfs@éiﬁ'rﬁ]thbﬂhbﬁ] Eoquirtigl DnBR@RR tlghtT R8intenance of

pure refrigerant is used to establish the chambe

a contfod ppyapgtals dthopglytheppvsntion plgo aroayédesiatsysiemenng m@lncabﬁoe achieving
t lly distilled purified liquid
“mnnﬁ&%fﬁgg?gﬁgeﬁéﬁg%g@ able fromone port, 30 while
| Tpaireifiti geesticar systemsoy ekilltis ma;gje laﬂgetulitﬁfstriad) déviceBhfor example 3500

O L T M ONLNG ENCCTE  CH

efficicHEy Y §rJdﬁ9é‘hﬁ)sfaﬁJu§1tshV1ﬁéé’ iR REGS S PaREHI thotd@ipdriatly, when
optimumoil level in the evaporator of a refrlgeratlon

efficiengsdions.ialy pessible tyat Hernlilbes isunable tnmbemtaWQ pmmfp:aw@mer within

/ 0 391 nd artlcu dt
the degiish i, D esxz%lrdsa S R el AR R B
concer}tfﬁop ﬁlﬁ)dﬁ&ﬁd amdtgl fmiy;cﬁhwf@ev@‘i/@%, Tﬂdﬂie o}iﬁﬁﬁll ofiacibf Bk lsystem to
eve eed ngot. be zero or exanple in fin tube
drop b@k?&b{aﬁﬂ ighss, Thin BRI BY L Prefi s ﬁfé@%}mﬁﬁy failyrey athighepay require
umned]iaté % eﬁﬁenmle chnddigidl POyt Bl st Bide fiO Eﬂﬁ?@e a hih Bh@Rum
e surfaces, Increasing heat transfer
dﬁcwnqehﬁwdmewﬁeC@neﬁhénather hand, so-called 5 nucleation
boi Il i ng heat transfer tubes have a substantially | ower
optimal oil concentration, typically |ess than about
1% Seeking to maintain a 0% oil concentration my
itself be inefficient, since the oil renoval process
may require expenditure of energy and bypass of
refrigerant, and an operating system has a |ow but
continual |evel of |eakage. Further, the oil level in
the condenser may al so
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10 inmpact systemefficiency, in a manner inconsistent

wWith the changes in efficiency of the evaporator.
wabwws/0534bd s aspect of the invention does not pPEFURBOHOBILTS

opti mum | evel of a particular process variable

paraneter. Rather, a nethod cording to the invention

expl ores the optimum value,”“and thereafter allows the

SERAEADES PRy YRRk AR AN s O the syetem
r ahO 8RR WIERH bé 8GR0 Wil %eﬁé%ﬁh@?&cgf;@@gﬁg dfvings, in

~a control paranmeter, although the inventio
whichpr ovi des a system and nethod for achieving continuous

i tor] nd/ or caontrol . The. refrigeration systens
e e T e T s
eKgp ksBowSADend Gow A€ N ingtR HIMb] hbwiligahe ﬁiﬂ@eﬂlg sfinne@@Pam@gement of
( V\l%\) E,Fg'(ﬂerefore, even smal | changes in 20 efficiency
tubes ?é%/t ¢ BHRe catihatba fxieadling iy alons %@4@?@9 o Bstheat exchanger
evapold@stsi bly nore inportantly, when efficiency drops, it
I's possible that the chiller is unable to naintain the
pFige 2 skovaa sahemetic wiapingiof 4 peetidelstillation sysgen fdduemoging oil from a

_~. extended operation, for exanple, it is possible for
leﬁlgefﬂg?flg’mgle@%hcentrati on in the evaporator to increase

abigy & sHANG a edEmbiieoly efifdd ef@RRS/ th¥as@fenichEsyBieat;em t o

drop_bel ow 1500 tons. This can result in process _

deigi asheyrsa gylizeditpriesentafipe eHiciengy gephivith spechivedipngas in
evapo@for SXRBASE Yﬁtiﬁ&md! ation. Proper naintenance, to

achi eve anhl gh opti mum efficiency, may be quite cost

efigeA iané 6B\WHO ROR4PRESADA BTN ONBY 3P ddthpressteh BRI a
; DESCRI ETI %\IWO: THE DRAW NGS: The invention will now be
CIPCGEEEFTHOEY WA ef erence to the acconpanying drawi ngs,

| Figs WAL ¢B anf70-shdwi RspecB 619 BEEEnVhIB¥K @i,fclgﬁm% %@%oﬁﬁ‘@eaccording

in shell heat exchanger evaporator; 5 Fig. 2 shows an
to the pigseny isEnE™a t ube plate, showing the radially

Sy ' r f A ndl ach ..

e S BB Rlera PR Pieaubi Rty B A6 1o
the presxhavegéon; adaporator; Fig. 3 shows a schematic

.aw of a partial distjllation systemfor renoving,.

2" e pBRid Soafi tasiiep 10s hrohigoafof s egh EApging fo the
presenbERem@dd. ¢ of a chiller efficiency measurement system

Fig. 5 shows a stylized representative efficiency

graph with respect to changes in evaporator oil

concentration; Fig. 6A and 6B show, respectively, a

schemati ¢ of a vapor conpression cycle and a

t enper at ure-entropy di agram
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15 Figs 7A, 7B and 7C show, respectively, different

bl ock di agrans of a control according to the present
W(i)mﬂemsamm Fig. 8 shows a sem -schematic di agpenUsf003039175

refrlgeratlon system controll ed according to the

present invention; and Fig. :§ shows a schematic

di agram of a control for a Trefrigeration system

%@%‘fr@%*z%%é%%é%ﬁ%s@ﬁ%ﬁt Saictak et

g&ﬁ%&%ﬁ@&ﬁeﬁe&aw&@g o@tﬂaﬁ{ res ﬁ@%lﬁion will

features and advantiages of the present invention w
becomggperrecadily eppaentitd thoap petledhin the artt howbichikh¢ Inyention peli@ins upon

oo iy 0 Y0, B R BR Rk P ER e

inventioadededh oonsikrrddyin I&gnjﬁﬂ&tldnh%tﬁthﬁra\é&ﬁﬁlbéi@mgm&ﬂmg in which preferred
onsi dered in conjunction wth_ the acconpan

embodﬁmswﬁﬁ thednyawtien aisrsbpwpapd dessrbediPyaay 6f 6tus¥ﬁé>n and not of

limitafidhy ¥t are shown and described by way of

1m1a| | Tustration, and not of linitation, wherein: EXAMPLE
1EX§MH’1TdE\nh |n Figs. 1-2, a typical tube in shell heat

ex an e S I el 10 tubes 2
A7 RIS Tef o n gl R Rl Rloel isPrni hEiet T3 o paallel
tubes z ébbe@dlﬂg arralghet gtneﬂaup ogliddrienl shiell 3. AhetretRe 2pk@h8d4n p@sﬂ@on with a
of which.is %r ovi ded at each end 5 of the tubes 2.
it

tube plafafe ope of whichdepranided 8t eachend Stof dsaittbess’. Blasrivba ptatfs4 separates a
first sﬁ%é @ doREnhds %t;fthotﬁﬁ ﬁ'fter?]&%f PG Bes’7 51;051? Eg@ctoﬁg gﬂ;&g 8? P&#tfuous with

Contl nuous w t e exterior
the ext'égaplr efahé yuben2.ddprdaliy, ewonhied tflowmbdistoibu®r P s piovided atlezgh end of the

each d of the he ond .t he, tube _.sheet 4 .
shell 3GBGBp i i Rty IO B R LW Rt P PO omdisopduit 10
through Ghelfabéd, QHG thehBEbdckRE s cgndlﬁtnﬁl TR CRsdFGHo1dte f‘kfn%erant, the

conduit 11. In the case of volatile refrigerant he

systemseed 8t prowenpvitic.ms thyfenstvelumes aad rétes Wil ot paels sidndf the
system' A &$nddvh lareddtpftl]:)ﬁe(l Wl ??)? Bk gl% x?{lfot Ql?sunﬁé %ia&mlzeakﬁow (}%étrlbutlon

shown "ar e opt’i onal es or o eans tor ens
patterns i theiheeidexichange dittskr i but i on patter ns in the heat

nge bes. shown in Fi a.refri.gerant .
R EREHg T S & BESoTane e PSR ek bl Ao geeeiving
refrigedfdt Frehy the 86Ri3hsd: re%'ﬁrfﬂ&@tl@@ EB@%?‘ %Ploﬁmglardoﬁltrﬁﬁéd &Btillation process,

system enpl oying a controll’ed dis 'ation process,
and anaw&efalrﬁ Ocfor regpning @ufified redtigaraitng. hmmrmledf the bystepe issimilar to the

to, th t
] ASURIANRD £, BSLE LRyt b system
Hﬁre&lom;bgssme]f%roempeess&hﬁe ediiprass @hild OéhdeasEp p, %ﬁ@dst th€heat in

refrigerant, il e condenser 107, sheds the heat in
the gas; iy, syall amauat,f cpmgrasssoilds cargad withdhy hefiges fosthe apnqleeaer 107,

where ch@ls bhe c&%n&@%ﬁ) Q rhiRed ﬁg\ﬁIQ%ﬂﬁ?ﬁle }Qf‘?lig d‘% ﬂt%?é)ﬁts through line 108

cool s and condenses into a m xed
and fitting 4. g&okation valvds £03,1189 atermayided tmle]:ﬁsely allow insertion of a partial

distillation apparatus 105 within the refrigerant flow path. The refrigerant from the partial

distillation apparatus 105 is received by the evaporator 103 through the isolation valve 102.

The partial distillation apparatus 105 is capable of boiling contaminated refrigerant in a
distillation chamber 130, with the distillation is controlled by throttling the refrigerant vapor.
Contaminated refrigerant liquid 120 is fed, represented by directional arrow 110, through an inlet
112 and a pressure regulating valve 114, into distillation chamber 116, to establish liquid level

118. A contaminated liquid drain 121 is also provided, with valve 123. A high surface area
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and fitting 14. Isolation valves 102, 109 are provi ded
to selectively allow insertion of a parti al

waole@iiobi4et i on apparatus 105 within the refri gePemusion® 039175
path. The refrigerant fromthe partial distillation
apparatus 105 is received by, the evaporator 103
t hrough the isolation val ve 102. The parti al

istillation,a tus 105 |js ca |l e aof. hoiling . .
condugowhﬁf ﬁ%ﬁ@%ﬁﬂ F@P ﬁ% & Wer-rs?f{ éene@%afgq ]§{v$1| ]ilgtqf fereti . refrigerant
liquid 1 3BernWcbliplt o4 & sihdelila@bi Aor iR @ARE bALJIEoYr IR QL inkiddillation

the refrigerant vapor. Contam nated refrigerant

tempergtiggifer prrposes of ieepeape eemral edit B30 divhicl corgrmds thamosition of three-

; : [ t 127.an ressure regul atin
wey i3 28 20 SHE s R ne) AAUANT e FRIs cFerb B s opyate 125
operatla:*;, Gfﬁfkﬁb}lpeissatiogdﬂiﬂ. 8 Oﬁ Ao Cl?alﬂ,ta’s 1%%@{1/% d?]l_ﬂd'cﬂﬂdi ifl t}gipairﬂori]- V' 0) {)/i?odistillation

a rovided, w.th valy . i gh surface area

chamgp 35 B oiaiin) s bOSPU BEEF GiroDnc ki B4 10 SuahoRer 436, to

S iebe &V ‘
coac 0 B e A TIOR8 67 e v
valve pl& taderdbe emtigbaf temiperabra tentrad fl 26.011 thogsifuetiomseslsare thegmocouple

. distillation, & erature for purposes.of tenperatu .
124 il R oSBT B Eb Gy AR MRETRAE R AR 1 receives
some ¢fithe eutpwefyoniabin@rebiz, 136 Obsw aleiiHid, dse dutR@tWwilTRIw as indicated by

gi til E tion ,ltse%r ature. Tenperature control valve

arrow @@ 1IH£0 . ‘g\éqaggcg 122 ¢ twagg@ g@wﬁgm t@g@’mpggﬁsqawtputage allowed to
o SRR oy ) Byl A 0L A A28y Pl B
temperafureuflovciinahghtbyp34 comdutiolfdrad Som hdéal tal 129, @adieections 142, 144,

ot. gas, di scharge at. t he qut pu 38 of conpressor 136
respeclfienPaEss e a e gty o U5 e Saee ey v 48 o
produdeaindistilledatfrigermpesalet i st Byadiret B6nal btohNBE Alternatively,

situations where thernocouple 124 indicates a

condenser #44 i§eaptrelisthyl madiioneldppaeatune eodivbyaitidonialies) by, the
conde DB BN B 5 B R A7y R g

evapoaprilAfli Batremhifyythe aystawoldQimetodl dvetunakation ti the #2&oratear03 will
hreshol d, . gases fromthe conpressor output are
drop, t%ﬂl? @mm@&hgwmpam ally along the bypass conduit

apid. Pgowsn! iMsthetdd il sy Géah, ARing PerlBi D AcH B8 timization,
tenperature. Flow through bypass conduit 130 and froom
or allowing eoating@yis|closgd loopfeqfibpelc ednties ofigeratingparameters. Compressor 100

. : . T q )
s conRRIFARLFLY 5 805 DU B SOREGRE oy o
Volts ahidsAmnps &fgm&ﬂmb gempi_‘e%sﬁiﬂlt)b @todugeﬁ lﬂﬂﬁeﬁbzgyfriébfaﬁﬁémﬂﬁi léne 106,

. arrow 150. native condenser . Is control | e
which W{’«gﬁf’ et Vfaf@FFp@F%t brad Ogmorlaﬁﬂ%w,th%w pefeddy the

compr&¥ort TUR) is SR EMNBSEfRMlaRHEarki &PEAAT M Sunt HEESm 1@isgﬁ)r gt nt oil. The
the condenser 107 i's renoved before enterlng t he

condensgiaHbriasehjedebio myasmgmentsplit¢rapagtatemdpressuteibygempérature gage
l.atl on. 4 nthe orator 103 will. dro .hus. . o
155 an R BAA e, SN EE Lo eGiath e perfighBempined oi. it
fed throtgH lirey 108)ts tag wpticial pwitilagdiplﬁldti@diappﬁﬁtub aOSI,rand hgncie to evaporator
reopti m zation, .or. allow ng continuous, closed |oop
103. Tp ﬁ@&ﬁeawee merpartwgfhsah?émmgraﬁﬁrl&ée@lep&.ﬁ%ﬂaﬁr@gé@wer 107
accumti@is id B COARRALELLT OTIR RAPGLFEOS]S sqngfbgt;m flasurements of

. accur at el Yy neasures power consurrptl on nmeasuri ng
refrigeipat tesipgraduranpd prisaunn by Finepecasmergess b5 adiprpssoigags 1hGt The

chilledqgaqgrem ril?l]étrllir%elrﬁ%ld %A ine" 5'4'0? ?helecx)fgporator 103 are also subject to
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which is fed to condenser 107, where | atent heat of

vapori zation and the heat added by the 25 conpressor
waee4ioss4shed. The refrigerant carries a snmal|l BODURL0839175

conpressor lubricant oil. The condenser 107 is

subj ected to neasurenents of 3 enperature and pressure

by tenperature gage 155 and pressure gage 156. The

efi.ed, cooled refrigerant, i ncl u g f{‘ ortion of
tempefgH g Bréss if Tuep St g PRI G 3 S SO B rec 156. The
evapoRAéd leBligedind Flok] @b 'e%bo@@@ﬁf@t 148rA0R th@BSn e S tﬂr@ugh line 104.

evaporator 103. In the absence of the parti al
dilse ppwvernetar HY, pmnmqu@umge i hpaw] pressuemgaghd S6 eademeeide data to a
data agcg]lsﬁgn ?S%&%%’P%%cﬂ ro&u 8 &%9 [ & QL resgngfat Ve ogffan efficiency of the

neasur enmen
chllletr ﬁ{ Ifd)rgte;ﬁﬁllple Balplewal. uAﬁ oﬂrsdnsj@f &5 proeidey atceﬂfﬁlﬁfoab dle@surement of

d pressure_gage 156. The chilled water in
oil COlil%rlté@thq ngq @@P%@réﬁﬁi B i 11855 tygonirpb theypagin gistitlation
oorer ) G BT DB S e L R g gn n optimun
operatirgrsgingarerite foyver erepeerll or dleqagaeacqaﬁlt@ndymma meaygagede

156. The grated r ant fr evapor at
surogh e bGpIeE L T RRE othir ab B Bhonstlit a0 * ek or o
removabwer neter 101, tenperature gage 155 and pressure

gage. 156 . each provide data to a data acquisition

sPS b Byligyhithhetficisack ekthe ghiber varss witijhe 68 spagepiration in the

e f
B e oy T a g o Ty lic ionil, Witer B3R i
deternmped by ploting tbé effioiehcy mith eexpeetttod oil concentretien ap opeatating regime may

tereefiPq e oM Pl SR Per iR veporaisg 193t s ot

voluntafityeieplehisBitt, 2l @A ]intik 260 bPihe opasHE: ﬂa‘%nﬁ@dém{e's MR subsequent
erating regime. The power neter 10I or the data

removggmﬁrzg}olnb dhowydaryehayesd Wit ipis et welulde extepdt €omplete oil removal is

not ongf g%@l{éicﬂ;/%egggleﬂfgﬁﬁnﬂ Alicl 1%\5,(1% 1@?&&%9&%&%@@19 {cy Likewise,

when ﬂﬁ'egnl 16vel theeedd fini gppen byumifar}t hel cnﬂ‘thd: bmamm’regmagvsysltem bfficiency
rator 103. Line

drops g.IP.FL ¢ Oncﬁ%# ﬁg%g{] §§imflge ?h&cQﬁ %Srmtﬁre (mt]ln@J[m pH%ratlon 2l"herefom ina

close 16613 BeldBatkiLy ReinSthe Updt BIcBTHBR R Yhlb Rt baghdhRel 68fhtl @b Dbundary
respect to oil concentratlon an ogeratlng regl ne

will bevajich nareqvecaithasyintepediediceainteyrics systsipi 3¢ bi} separater (ecg.  partial

dlstlllatdgafxlrJ p%%{i&)?)}f)? gg}tﬁel%ftgﬁée/ %%%r Itlgvver ?c’l loo{p t‘i%d&gaf s%sgeén is itself

typicaltp eatifiognt thgh adardafdymes, typioally ahibisgaditing pedioBi¢ ahaintenance, so
g eration, a boundary beyond which it is not useful to

there g@wgtag%magt@pgpfaqr%mgm is not only costly and
dixkaapbye bnefficient, it may also result in reduced
system ef fici ency. Li kewi se, when the oil |evel
ekige@dtishets uplock diagramaiaf ¥ fitse @_mbbdinh:et ofrescatiohgystesyharerding to

ffi C cost fecti
the plesséﬁt \}ﬁ\éeg?lpﬁefnctﬁl ﬁx%temf QeQrSl%er%r%r args 115] og%ci}l%{{xg atL¢ adap%ve control
200, withehetat@] rdcBivingl@fridease cﬂlﬂg@leﬁﬂ@ibdﬁknﬁe}/&b&ﬁtan&ﬂﬁﬁter, e.g., Henry
di st ance betmeen t he | ower, boundary 160

ypper . .
Valve fQurvelrape Py I Ifer erdes Inavid dee! @q%wwﬁﬂhEﬁéPg geieg Liquid Level
SwitcHUR! AIERNRAGR: Y KON MuBReBlrlic®RNANAL Pankiitlrs Aﬁ’ggd @A T600,

ation apparatu or other type system) in a
analogodubms )l optaplly spsdtra gl wey strsmmipgon (kSBatt-hours), as well as thermodynamic

parameters, including condenser and evaporator water temperature in and out, condenser and

evaporator water flow rates and pressure, in and out, compressor RPM, suction and discharge
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typically less efficient than a | arger system
typically enpl oyed during periodi c nai ntenance, so
w0 beaesane advant ages to each type of arrangenedit/US283/039175
EXAMPLE 2 Fig. 7A shows a bl ock diagramof a first
enbodi nent of a control syst§p1accord|ng to the
present invention. In this system refrigerant charge

pressig 45 B PELG TR i or AR e AR ey o xdshd gpdequisiion

systerh %&%lensfo? ﬁg fS 401€Thee Gariablde BfeYfed Yah VIR e@ﬁphvé\@nﬁ@?ﬁ)o employing a
series Liquid Level Colum wth E-

nonhrg@r lineéel Loif thei systemy éased@@ ngwiat aetwerk ¥igteelriolegyt fﬂlme vanables are

prepngﬁ&)sgg td\@ﬁﬁ oegf %eE ;/V%d Soolﬁsa @n‘cﬁﬁr@l Ih%)g{rﬁ%gg\-zv%ﬂ %o represent

temp2al RLHmxdre bas(ekl\bﬂt;trroh dhm&éts dke malrhl r&swmﬂtezomdymm fhe input data
i ncl udi ng. condenser and evapor at or

set Pefle%%fyaf% FARRleAYAOL seouuiRiaRPdusstan aYRBLARLS g sgnal 209 or set

of 81gﬂ‘ﬁ§ e fifil QW f@%?&i &)‘ﬂ@opirs Ql%ﬁléh%nte'dnth@ RE A esp QIR BRFAfed with a
suctlon and di scharge WO 2004/ 053404

predlmmbs;@m@@se@ on 7i%: inted@al mceishdﬂfmeé iy thearaueal aetyrozk 285y an adaptive

controgéladeﬁ% ISI%'ZEQ%S ?O %I%qp% pe g% r{?&\?(oﬂ% HS miat%&%%ﬁ%@ecg or take into

accoumaht: adat@s. AriﬁrtfleLCbUtplttQOE bettﬁ@@ﬁbmyﬂomwlﬁgﬂostZ@Qortmn 205, which
npl oying .a _nonlinear nodel of the s%stenl based an
may bﬁé@tﬁ%}ﬂ@ﬁé@%ﬁhﬁ nowysl REE AT ogRAratyHiadisates abikely egrogn either the

senso%raﬁﬁ BQ%T‘E Reb1f Or ﬁ{qué{ﬁ %efﬁ]g%gﬁtr(ﬂtedd erived vari abl es
m the 1 nput set as to represent 5 tenpora
pahammﬂﬂﬂbdwasdﬂewnﬁpmxmnphamar@bg@anmﬂmmmeuﬂwsyﬂmn In order to
uate the.in

remov&gpf’r\%aﬁagé%ﬁ 1 I:F jeeLan FFBfnethcéegm 1% ?glé 48 ﬁagsferé?guto a storage vessel

212 tH6QUCRSveTT 00 Uh Rder e @fri C%%kﬂllﬂ \adased réfFig&@ht m&f be returned to the
signals. After the@fropose control is inplenented,

compiepor A4 srstioneensialed by valsnphy. o8 lidnid efsigeisnbprapeddo the evaporator
|
211, KGR Sl Lia IO Ry APl M.

sty dPEE3204, and the neural network is updated 205
account. th

t fl t t t
t & Siime 368 s crnal S EEsb v e g biization control
stratedd€, hi SHowAOR FigIE: Fig MBY siRfvsl i el AoReb ¥l Biakfh MRcputer-based

network or separate, indicates a |ikely error in
feedfoswadeaptipticing sewnisa s¥stem dPreeesaoeiatilessiOrare gieastied, sheslred for

rehabff@a 'i’ﬁtlelce(an% e%éreﬁ dandTJPcﬁ ed fH‘ﬁ E%Iln gtEIV @%t%@agé 32% N regﬂfatory system 223

efrigeran
is proﬂdeﬂaais d ﬁontrlmmﬂtrdﬂetf) tkegpetha Iptqceks \qah:hlaHleB QQ(D nigeprasribed aid desired
|stransferre toastor eves

slate ofglglzlg%afglgr al ][401;61 t olgmeasyred, varigh dls%gretCBmQaﬁ n the regueiatory system

223 w'itﬁfﬂ'ié G818 et pIRIELMS JpBilaldr@0hANNd %?Mm%u()ﬁ%lftiﬁ% 3248, Errors
he conpressor 214 sucCtion, contro val ve 215,

detectgd atieitlopun whed &f gangwitaenntiol nqjmﬂs that altq:éh@/’raap@nmt@i{ as q;gl]ppts 225 to final

ant in th tor age, vessel 2 bi ect ed
contrf Sfeg’ﬁgf ng Péﬂ%FSEZHSfSO E%@P% ﬁe or t%%}ﬁ%‘"yéy%e%ecg ’%ﬁ GexfVed either
from @rResl 1frpnt22oA drifeone Oﬁtﬁoﬁ@ofﬂ)é&immlmnﬁyﬁmﬂeemml\ﬁb&rtﬂat the
optim zation_control 20 strategies, as shown in Fi

Fi g
optimizgg 234 Qperares difrsty VRO thgmagdet PHmsrites at %Mwﬁfsefapomt slate
224B.COBPHEE R AREHodel 227 is updated by means of a special routine 228 just prior to use

by the optimizer 227. The feedback update feature ensures adequate mathematical process
description in spite of minor instrumentation errors and, in addition, will compensate for

discrepancies arising from simplifying assumptions incorporated in the model 227. In this case,
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feedf orward optim zing control system Process
vari abl es 220 are neasured, checked for reliability,
wo pdosesa4 averaged, and stored in the conput ePCT/US2003/039175
dat abase 222. A regulatory system 223 is provided as
a front line control to keep;ihe process variables 220
at a prescribed and desired “slate of values. The

i on set. of. measured vari abl es are co in )

the iRl RRRRGRSY b rarne i SRt SR uens b adiiion b refrigerant
chwg@RWBIS fron1operator 224A and optim zation routine

224B. Errors detected are then used to generate

c ahe iUt Henghdeseare. i thigease tsimian te dheseiin Esanpls 2o mcb@m refrigerant

S Se

caref 3ol ol BALE e S SRR S, S BEPRESRY By
paranetery) encluding ooraeaseatind evappiitordAdy ompétatuie ﬁiﬂrﬂLtILﬁ hdenser and

the optipi zation youtine, 224B. Note that_th
eVapOgAPY Wiisellon seco s BiPwsureity B O BReE R R siction nd ischarge
press@k bhdteRfpedfiure! &doa?ﬁﬂﬁﬁ _})recsgﬁre RB4 Mmpk-ab& 30 224B. Al so
note that the nodel I's updated by nmeans of a
sﬁé@ﬂdPLEdhtlne 228 jUSt prlor to use by the

s P e 26t St SRR PR SaDREMHSH PR fesgpnt charee

level 26 In06mpieSsoi Lﬂp&ﬁth anl Iefrfg@fa&?lt aildondentraitsh 133dA evﬂpoh Ator Instead of

npensat e f dlscrepan0|es ar|S|n from si
Prov1<§§%a elesanlsis FCBPHD A LEEYFIRm: BURBED i sipplitiqye pgs ipsare

providedif a d‘beng%élo@ﬁﬂgﬁegﬁt W@e{tgﬁgﬂs ch ofscﬁe L4m into a number of

controlled variable may be, for exa e, ressor
regionspe ptineabasné opserisar agdist iTbe sersithvetyrof glm qmtrol lswny230 to variations
.. |e .. The t. vari S are n. this ase simlar. .
i inoy§ 45 sl AP i Ria By Bt Pk pfiafhin oflellqyimize
enmgyeﬂﬁkmcpptlonally systen1pomer consunption

(kWatt-hours), as well as t ernndgnan1c 5 paraneters,

1

i Retaig Fﬂﬁ@ S@é%@ﬁb%datab?ée e¥hpoiodho Hllingdspsityeriis epayational space;
when 'tl{% Gk i g’lﬁt I’pea act an tlﬁ@éja W@%B}g&l%g E?%%f &f tll}%:lt ?%Yﬁﬁc%}ﬁgg'pace, a

pres ssor
rapid ’darssﬁhmrlg effeqztedemhfevaﬂw damutm’dahuxtefﬁcam oalfdmit emtditions. On the
re and t erat ure. EXAVPLE
other B g1 S 598 SPaos SOPRLEOR G ool 220 provides a

slow, E&fdliugg,eﬂ&@dtl&lr@rﬂgﬁoutﬁ&s k&xalg 18 3kplofOiip Bg&ﬁﬁ na$ B8R to determine
2, and refrigerant oil concentration

the Opé‘mib owtavigiet. This sesaehing propecdwe alsmgersesstio rpgpéla@dh@ bmage, so that the
contror@g@ lwﬂ?gvcilﬁ?hesﬂa%\teemat%‘}; %g[@de?fewpéncgbﬁ@;lb' fied

i ons ase 234, which

Shgaﬂelmoni; frer eapieregtdn(nfa]he sfeeaivnal spabes asysiseeal vatability is determined.
r Iane ased on se sord nput s.

It the FHETCRGriapy 71 1% Pre Dedpedeblordjategtns goanesd acourate, and

contm\aalrsie@&hﬁg%f tﬁeﬂoba{l @églén #3eddced. adantd éﬁ%laﬁ/he&'ﬁt qans \rb@ﬁbi@%y is high,
he control urlng peratlon in order to optlmze

the coefm@lr?@p applyres thagput deie setite d@tmgmnsa@me@llatlml bﬁwe@tam"eztﬂa@éable input
235 al‘ﬁi?’tﬁe gfstén%ﬁ%é‘&%ﬁ%gj Jeelqg%?o 1%?})&)\%’6 he 1&0@1% oy ?h I 93K sft?red 1%the

ararre ers |

databaae IZB4 PO cadreldticiegiap be déteﬁb@bp p@[c&ﬁmg)tha reath@ough sensitivity
d tranS|t|on is effected to achi eve the cal cul at ed
testmgﬁlﬁ;b

e E’IPPF st ég\ﬂtt rSiHeﬁUP CEARMGS 11 0L 1Epfe ghe outputs 231, 232, 233. For

each region, preferably a linear model is constructed relating the set of input variables and the
optimal output variables. Alternately, a relatively simple non-linear network, such as a neural

network, may be employed.
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other hand, if the region of the operational space is

poorly popul ated, the control 230 provides a 20 sl ow,
wG@eanobd4ng al teration of the outputs seeki ng tPCEKFI003/€39175

the operational space to deternmine the optinmal output

set. This searching procedu_r398 al so serves to popul ate

the space, so that the control 230 will avoid the

IREEE N R R R -
separabddayl Sk iof M fri¥ehhedhatdeldvel Trdde L 80%1tH€d0% JffdediBR oil content of

statistical variability is |ow, then the npdel for the
evaporagqyityr)- $% fwe RdtodOdurad eompieasop Speednfrpmunininwarte Faggnum in 10-

00 g5, 518 80 By b e

sized tegiout batdandké sdnsitidiy of the natpmtcorinalt attigionk at wegrtian portions of
. available input 235 and the system efficiency,
the WK &Ry t 0 i nprove the nmodel for that region stored in
t e cHlAtARASEN 2B G proied aGRl §&patiho IR0 RS sHBE @5hFadaYshutdown.
searching the region through sensitivity “testing of
Thesetaredistip frogethe wotrhal opeyati onal mepdekan des energy eldicneysmet generally a
. of t hlgl ortlggt S 2t211Se t2321 . 233. Eor 30 tSach ée ion b
primacopgiigftoR diufndicse (RIHIONT Snd SRt RBEFPLPITRy e
conside@dd i@fpottafttThésd inaddsessoqpravitlb epti@Btibn®dntoUsyBtem initialization and
.. variables. Alternately, a relatively sinple non-Ilinear
fail-safe@REERION- such as a neural network, nay be enpl oyed.
Qi 20044 Bpd4fite Eiglleé@?&l R Sfor 1By iR 9RAERIIPRAL, the neural
regions, for exanple, segnent the operational spdce
netwoiln¢adculgigino msay teappteateattdogrialdy of a gefordl garpme cahputge e.g., an Intel

renif by BTSSR BED TSR o o Bl e,

therefSi@ @p€bial{Ze0 Muftiwalk ek ChaBké datinéduisifon h@QfAcEGE el not
It 1s also possible to provide non-uniformy spaced

necessyaggi ons, or even adaptively 5 sized regions based on
t R8s él%fb?fe‘d'tﬂétttﬂe Mntﬂob%sféﬁi}@%&ﬁietacﬂié Wic 3@%&’[@3'6%(: dexplains”
respective portions of" t i Nput space. e contro

the ac8yistafthatsirop rfovéxdespleidseifynf, Speay givempaeml tdecisisy.she sensor

. st.art nd shutdaown. These .are . distinct fromithe

inputs A R R S s 8 1 PG n B b B hovever

it is off ndd POSSFIE wccﬁrépl%imﬁanacﬁe@ gh gtpal | Rthdh iHRee thB8Pkem detects an
transitions, and because other control issues nmm

abnormal &.iz@jppsqi@@rr iadhe pgat heang qomﬁgg@owg egntgglk:@ itpal i ig }ére?e%red that
inforn?a?]%)*l f&g gf)%lﬂguél?c%&ﬁrtg Ian ‘E¥€f5t51$)gbfn %'{Iéi'gé‘ H}é@ée'r.o i hbee by way of a

eration. since
storedrleg) wiisvabonguddfl @iridicamors, aslepHoae sy Gttemnet tslecahmtihi¢etigns, control
[.ong, the neura network cal cul ati ons may be. . .
netwopk I arl e e B PP o Ga P S e e e o the like. In
many SrsBinces@WhbRSerioREHni T i VdQECtAY BPRLE tIRF SR 8ot be fully
runni ng Wndows XP or a real tine operating system

deactigaierl, itlis prefenablede aroyiden Hhilsegay dparatinpdlengdsiéll maimignappemay be
perfor%aeaa acquisition interface) is typically not

necessary. It is preferred that the control system

pThe fodezcingldagriptidn of theprefired 3Gbotlingdnt bEthelimrentdn has been

presented for purposes of illustration and description and is not intended to be exhaustive or to
limit the invention to the precise forms disclosed, since many modifications and variations are
possible in light of the above teaching. Some modifications have been described in the

specifications, and others may occur to those skilled in the art to which the invention pertains.
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the actions of the control, for exanple identifying,

for any given control decision, the sensor inputs
waohioglosiaed t he greatest influence on the out pupCHUSL083/039175

In neural network systens, however, 20 it is often not

possi bl e to conpletely rat|o§§llze an out put. Further,

where the system detects an “Jabnornmal state, either in

t2§¢§k§$t being controlled or the controller itself,
eferred that information be communicated to
aRvIORY @higledqs: service engineer. This may be by way of
a stored log, visual or audible indicators, telephone
of. I nt érmethog &repoimizing opeRbersof awshitgesttionrstap iavog an
etwor k conmuni cations, radi o frequency
GVMXMEOICO Bﬁf % or the like. In 25 many i nstances,
V\:ﬁeﬂilﬁngaﬁ BfrlepttoD Iudiptfoosptinsizihgtaestipplst o hiduidh efr%etalnt?to the
pl ant cannot be fully deactivated, it is preferable
eme¥%°%P@£|de a "failsafe" operatlonal node unt i
”ﬁéﬁ‘ﬂlﬁ afil Bﬁtef"@éhtlk?)@looB%lf Gﬁtﬂﬁgmggl@vé‘l QF ?&ﬁgé}gnt in the evaporator,
description of pr ef erred erbodi nent o
| naué triep poried lcmednrﬁnpm@s%lppbdafecfpr it posesongpl loop based on an
” hustr f4 on gqgeges f%ﬁa<)ac9ndr s not i ntended to be
optimiggficft ine i Rt bt RrapSAt Bebddis (o t he
Pege igRr Eotre 1sipsaptiad g lighilaefimiyt sapplyf basad o0 8sid ddfined supply
variations are possible in light of the above

1ate. t eachi ng. Sone nodifications have been described in

the specifications, and others may occur to those
skilled in the art to which the invention pertains. WO
2904/ 0534 mbtdecUSﬂﬁ@fib O0Ran 75 furti@Beonmpridingthe Weatof psedicting a need
P ﬁ e %$ met hod for optim zing operation of a
orre @FVV@BF ?%ﬁmgVﬁten1haV|ng an evaporat or,
conprising: 5 defining an inner control |oop for
8t|n12|ng a supply. of I|qU|d refrigerant to the
apor dhemethadpcatingith glain lotirder edmprisne hesispfobproviding a
buffer 3Gk ffch) tefige Lo (L gk o iR B WS B PREREhBonsiv to said
outer saitehl laoper control | oop based on an optim zation
i ncl udi ng neasur enent of evaporator perfornmance, 10
said inner control loop optimzing liquid refrigerant
syppl y ThaafehRAnceaidtheds tiangd, iRl Yompridiss thé stepRE estimating an oil
nmet hod according to claim1, further conprising the
nngmgv@pﬁ@ﬂwﬁwamnwprng a need for refrigeration system
service. 15 3. The nethod according to claim1,
further conprising the step of providing a buffer for
sappl y Taé ntegtiad agesrdinig tb olairhd , eteyeor sidoytert doatrbEMep iddaptive.
the buffer being responsive to said

6. The method according to claim 1, wherein said inner control loop comprises a

feed-forward characteristic.

7. The method according to claim 1, wherein said outer control loop compensates

for oil migration into the evaporator.

8. The method according to claim 1, wherein the outer control loop compensates for

alteration in refrigerant charge condition.
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outer control |oop. 20 4. The nethod according to

claiml1, further conprising the step of estimting an
W@0R004/05d404 ati on into the evaporator. 5. The nep¢DUS2003/039175

according to claim1, wherein said outer control |oop

Is adaptive. 25 6. The nethg@ according to claiml1,

mherein said i nner control p conprises a

f C aracterls 7. The met hod accordi ng

cI a ﬂi‘F fle 8?1}41@&9& %‘Btle Whegsit ptdeast g0l the mner control loop

andﬂféQﬁi@&%ﬁ&mo dﬁﬁélf&hﬂawsgﬁﬁﬁm&auwo the evaporator. 30
8. The nethod according to claim1, wherein the outer

control |oop conpensates for alteration in

refrig co d /053404
P?,I?V US%% gﬁeal%giaa?ggrd amﬁﬁ & w@ %tﬁ%acs 81?ed?fr:fae inper control loop
and thel cﬁxltdﬂcﬂantr&ﬁ”l@cﬁ;epdﬂfoaﬁl d (&)@ﬁbp’tﬂﬁﬁa@én &thepro bR safiddtist-Bptimization

| 0o ﬁ%he outer control |oop performa
eNCOmRPIS 111%816 riggiatign sysiam andal lpast RetICoRRAGCH ¢ Rlgntemaleying the
refrigdrati§)/sfh) at |east one of the inner control loop 5

and the outer control |oop performa cost-optin zation

of a process, said cost-optinization enconpassing the

7 SO SIS AR o SR USRI i
evapofmblfp&foﬁﬁ@mfediy%@pdr@u@ @l o refridetRen 6O P@ﬁg&hﬁkﬂl $Rem.

step of nodifying 10 evaporator perfornmance by
separating oil fromrefrigerant in the refrigeration

syst e d ; o Bvigi

St e S RHo BRRANSKABeL QbR e LU A iine o

adaptitvh exadelf ofi therediti gevatisysystem foopreficeidg atréspgnse ofelkposteen ©fchanges in a
stemto changes in a process variable. 15 13. A

pnmaﬁé?PF@STatlon system conprising a conpressor for
conpressing a refrigerant, a condenser for condensing
refrigerant to a liquid, and an evaporator for
eVipor Avehigeratiquisystern @pmnagémamcommmrtfel eonessi a tefrigerant, a

ntrol s .both
condefscd ofhsthe i Atk e MILE Bl pis it oCRDsH ol fuia
1efr1ge&aﬂté‘mﬂ1 thefconédnserge mayat, and atdo&trel‘llamiﬁdi optimaA cbhtrolkdth a supply
£1; ﬁ fJgeratlo]g_fs{ystemac %g’ﬂ%? claim 13, wherein
of Liquig e EigRfemtdp (1 oV UBRSIo A | < TRIFgSFnE Frlic 6VHPBHPEL an
optimal state. 15. The refrigeration system according

to claim13, wherein said controller
1 The refrigeration system according to claim 13, wherein the controller uses a

genetic algorithm to predict an optimal state.

15.  The refrigeration system according to claim 13, wherein said controller
comprises:

an inner control loop for optimizing a supply of liquid refrigerant to the evaporator; and

an outer control loop for optimizing a level of refrigerant in the evaporator,

said outer control loop defining a supply rate for said inner control loop based on an
optimization including measurement of evaporator performance,

said inner control loop optimizing liquid refrigerant supply based on said defined supply

rate.
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25 conprises: an inner control loop for optimzing a
supply of liquid refrigerant to the evaporator; and
w@prooas®an4 control |oop for optimzing a | evel BET/US2003/039175
refrigerant in the evaporator, said outer control | oop
defining a supply rate for sajd inner control |oop
based on an optinization including measurement of
por erfor nce 30 said jnner contral | ogp
oa i mi i"ﬁﬂﬁéy TR AFP g gainnhes UithgIcpmpEseg adyuiiea g storing a
mev@%&h%@grgggghmn rate. WO 2004/ 053404 PCT/ US2003/ 039175
The system according to claim15, further
conprising a buffer for storing a reserve of |iquid

ey o8 Yracrb s e B RVET) £ STt ARG il B retigorantis
contrdldtbyGhideditdYogi d outer |oop. 18. An apparatus,

conprising: an input for receiving physical paraneters

useful for a thernodynam c analysis of refrigeration

system n processor for performng a

tﬁgrnnégﬁ%%%%ﬂgﬁgﬁyg%@%%f the refrigeration system and

denennmﬁnmgmc@mgpb@enbyﬂwmewhﬁmeh@ﬁnw@haank@nanmkm&b&sof

fii ang an put u (Presenting an estinmate of deviance

TOIEETEAR AR BhY T a@f ate of the refrigeration system

bagpesteydr fiiperfbhiginfRdNeavdsn-Ania ) ss aMthe $efkieration system and
determgirg] QPANER GEY BRI HRan S BEBSEOMILS i Mot o8 8

pfldesti mates a

r & bl LPaf % gﬁ:@erﬁf |Gl SR Yte Rl dgﬂgncreq{cfﬂl 985 ?ﬁl'nglnsté?tg %{“ﬂj?refrigeration

in an oper tTonar state, further co ng nea or
systenabasediongaid therowdgsanvia mhallpsie and sameonsstanlcg enadydsion

system during efficiency neasurenent and cal cul ating

a process variable | evel which achieves an optinmum

efidi Ci ene Yppadu@ibcortey RRIPARALL $vh€f‘e‘i&9§a‘i’dl PldcbRoféRintBes a
18, further conprising a control for altering

refrigqspijast fhiriepeyt ofithe efiieagtion wyelemmi aatoppratignal siaée, dirthen conprising
t & d frl
meanEAPARALEA st D SYAREL L0801 eyl BBy s
and calefl&imyg aprocesa valéablalkred Witichucidesamopiimamrefficieqss at i on
system 25 conprising: obtaining physical paraneters
for a thernodynam c analysis of refrigeration system

Peo.f Or MRO &S arded AREMMBtoR ] diMErSTREMRAB HpRRRt ¥ §b1§trc9ffor altering
the refrigeration ;gstenl deternlnlng conS|stency of

physicahparpineterronyaltgring ableadt pse of s eihcencapigasiongh an kgaporator and a
refrigerr%{trc'hgr%g kLI refrigeration system.

21. A method for determining a deviance from optimum of a refrigeration system,
comprising:

obtaining physical parameters for a thermodynamic analysis of refrigeration system
performance;

performing a thermodynamic analysis of the refrigeration system;

determining consistency of the thermodynamic analysis with a model of the refrigeration
system; and

outputting an estimate of deviance from an optimal state of the refrigeration system based

on said thermodynamic analysis and said consistency analysis.
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30 system and outputting an estimate of deviance from
an optinmal state of the refrigeration system based on
W@ a00d/0s3res nodynam ¢ anal ysi s and sai d consi st ePCUS2003/039175

anal ysis. WD 2004/ 053404 PCT/ US2003/ 039175 -42 22.

The met hod according to claim?21, wherein said

estimate of deviance is used'to determine a need for

refrigeratign system seryice. 23. The. et hod according

¢ 8%l a thogspeinesgiclim i s desimitioe Jeyiagses used to
deterrhe ahe8$ for TBtiGedtib R byt dRE@licon System capacity. 24.

The met hod according to claim 21, wherein said

t hernodynam ¢ analysis relates to a state of the

96T AL Bl L% SRR PRHIE SBie soes

estiméte ARecfBigention §at@ecapaciper at i ng condi tions to determ ne
operating- 10 condition sensitive physical paraneters.
25. The nethod according to claim?21, wherein said
t her mogyp atif BR8N e SRR SR et i dalPhbA%b &Ramic an ]érsis relates
efficiency of the operating refrigeration system f

to a statgraf e re€regepationisigiemh Birheeganipisingthe etep 0§ mongooogesdrigeration

vari.able of the.refrigerati syste al cyl atjng. a .
syserf B EPT ke GYRT B RATAECE GPPELE By g Tefsind operating-
condifaseySitise physidal piragdtepllysi cal  paraneters after said

alteration; and optim zing a process variable level in

accordance with the determ ned system 20

char actig i actfaink16 lIRReA according to claim 25,

erein the process vari e'is conpressor oil
divdselinyedd therthddynpeia argéyrsartonipnis¢shestimatipg patfficien2p oRfhe operating
i The matgod according to claim?25, wherein the process
religFayohBre™ s refrigerant charge condition. 28. The

meirtRe cAREaNiAl e stePs 6F:ai m 25, wherein an optimm
efficiency is determ ned based on surrogate process
v alterig) agarocey variablerpicthpeseeratieievis¥itig to cl ai m 25,

LE i Qi | S B i . .
D R T
paramefefd aftee naiyl afieratiessandar i abl e | evel . WD 2004/ 053404
PCT/ US2003/ 039175 . - 43 .. . .
optimizing a process variable level in accordance with the determined system

characteristic.

26.  The method according to claim 25, wherein the process variable is compressor oil

dissolved in the refrigerant in the evaporator.

27.  The method according to claim 25, wherein the process variable is refrigerant

charge condition.

28.  The method according to claim 25, wherein an optimum efficiency is determined

based on surrogate process variables.

29.  The method according to claim 25, wherein the operating point is maintained by

closed loop control based on the determined optimum efficiency process variable level.
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30. The nethod according to claim25, wherein the
process variable is conpressor oil dissolved in the
wo edopioginant in the evaporator, and wherei n t heCpPUSE¥839175
variable is altered by separating oil from
refrigerant in the refrlgerakéon system 5 31. The
nmet hod according to claim 21, further conprising the

oo ot ORGP o et WA PrS SR gble agompressor ol

dlssollvé‘@ﬁltthélrdfﬁgérh&rln etfe év@ﬁora%%vdnﬁﬂ%r&ﬁ B f8bdds Q%AHT@iS altered by
state. 32. The nethod accordlng to claim?2l, furt

separgiingsil {50 gefrigerast iaphke witigergiodestem ni ng a sensit | VI t y
of the refrigeration systemto perturbations of at
| east one operational paraneter; defining an
eBili ci @ht neerdadccadingagiciim0r further ¢oehybriGey ‘@Ja is@P of predicting a
g based on the determ ned sensitivity; and
COSt'bﬁé? ft(ﬂgn AISRIISE PETAfioR an sridREleEIRP Sesierp F%?Pfée%%téﬁarst g portion of the
dgwm&%qﬂgngggogﬁnﬁpﬁak one operational 15 paraneter
hin the efficient operating regime when the
refrlgeratlon systemis operatlng out si de the defined
ef,fi ci eratin a.correction.thereof is
R S bt A R e R S
adeterrtlinfig 4 @nsitigityoBle rathigediion §RENOREFMuIEiohe6f 4F8east one
has a non-trivial 20 double ended range of val ues,
operatipnil BYAEEREed operatlon of the refrlgeratlon system
f
ot el aB ERPEfnetle LR Kok T OARGROR SARER Rplddthn e
dﬂBﬂEhddsm$ﬁhyy ambperatlng poi nt, mhereln t he serV|ce

th t e operation ar ame
PR B STgaR) T e RS Gn S0 PP e UB1eb efigg operationa
paranfeﬂiﬁ gethef the affesnt Bpahtih R eI WA 118 rofigedeibe syeie A deRfing
poi nt. 25 34. The nethod according to claim32,

outmdwiq]@r @fme@ ﬁﬁiqﬁy@ pg@ra@m%qeg@gﬁ et Qgrrchom)thereof is predlcted to be cost-
eﬂmn#ﬁncentratlon of refrigerant in the evaporator. 35.
e nethod according to claim 32, wherein the service
conprises a purlflcatlon 30 of the refrigerant. 36.
rein the at | east

or di to clai,m 32, )
o8 opdhanelidrenutent shifnd EhieidbebEyinissing fg s non-trivia
doubl@@ncﬁﬂ@ﬁ oEhhiues, g ¥oinukbl @%ér@ﬂ(iéﬂ Siech@iféfﬁ gt &t @@ieﬁ@llows a
2004/ 053404 PCT/'US2003/ 0391 e net hod

consisient tieer Wrhapgecingpaiaing ppipt frhera b@gm‘pnlﬂépf@’del@emt@s pefnt to an end
of cyc?are h Ikagﬁe*%%glrﬁ’ Wﬁe%l tﬂee§e2\'7 g%ﬁ‘lte%%‘%%%'t %% Ofnetoggrat onal p ameter to

t1on SysS
withincd bdum&jz,offﬂwﬁdmeﬂnvm dpubls endpdirhggesifeplicohear the begmmng of cycle

operating point.

34.  The method according to claim 32, wherein the operational parameter is oil

concentration of refrigerant in the evaporator.

35. The method according to claim 32, wherein the service comprises a purification

of the refrigerant.

36.  The method according to claim 32, wherein the at least one operational parameter

is estimated by measuring an energy efficiency of the refrigeration system.
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defining cost paraneters of operation of the
refrigeration system determ ning usage paraneters of
WO b@4/08f404 ger ati on system predicting a ther noRgTERAL003/039175
effect of a service procedure on a machine with
respect to efficiency; 10 9%? mating a cost of the
servi ce procedure; and condu¢ting a cost benefit
anal ysi s based on the operation cost paraneters, usage
paraneters, predicted thernodynam c effect and
esi MaiTed nfedsdd acddin ORINAD1 ﬁﬁ’ﬂﬁ@# EthBikin e§{e§ %?gl%]:i'icting a
15 thernodynam cal |y nodel ing a refrigeration system
refriggiption eapapiscel the reftigdrataest systefr i gerant  purity and
superheat |evel; predicting a thernodynam c effect of
an alteration of a refrigerant purity and conpressor
poser ; Tht hesthodgacadrdingrte klairg @1 A thBtiEdrhpisHptha steps of:
c ressor power to_achieve a predicted optinmm
c8 11§ 675 RAGBICISH T Reratign of Hgi refttgsationoystane met hod
ag&efHi j of WRELE 3, or power is
mg)dul at%l g% dgggégj%ﬁ%tg%tOfone g%gélsagfeaggg@%ﬁt rol, duty
cyrsidistiog pttheymodpmampic effsétof asatvios, pravedureaford meckdnd with esypect to
striction. 25 41. The nethod according to claim 39,
Er ei n refrigerant purity is altered by changing a
| estehatiof a0t sfanelensicdbdceRgsendt herein. 42. The
nmet hod ,according to claim39, wherein the predicting

sEplueH? pash benedit Applysis bpspd on theingeationteast parameters, usage

parameters, predicted thermodynamic effect and estimated cost.

efficids

39. A method, comprising the steps of:

thermodynamically modeling a refrigeration system with respect to at least refrigerant
purity and superheat level;

predicting a thermodynamic effect of an alteration of a refrigerant purity and compressor
power;

altering at a refrigerant purity and a compressor power to achieve a predicted optimum

condition under operating conditions.

40.  The method according to claim 39, wherein compressor power is modulated by at

least one of speed control, duty cycle control, compression ratio, and refrigerant flow restriction.

41.  The method according to claim 39, wherein refrigerant purity is altered by

changing a level of non-condensible gasses therein.

42.  The method according to claim 39, wherein the predicting step comprises using a

genetic algorithm.



