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Typical refrigerants are substances that have a boiling point (at the
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oil and refrigerant from the evapo1ator, returning the oil to the sump and evaporated refrigerant
to the compressor The inefficiency of these continuous removal devices is typ1ca11y as a result
of the bypassmg of the evaporator by a portion of the refrigerant, and potentxa]ly a heat source to
~ vaporize of ‘partinlly distill the refrigerant to separate the oil. Therefore, only 2 smaJl proport:lon
30 ofthe reﬁ'lgerant leaving the condenser may be subjected to this process, resultmg ini ‘poor
conitrol of 011 Ievel in the evaporator and efficiency loss. There is no adequate system for

controlling thé eductor, Rather, the eductor may be refatively undersize and run cont:muously.
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It 15 knovm that the charge conditions of a chiller may have a substantial effect on both
25 system capac1ty and system operating efficiency. Obviously, if the amount of 11qu1d reﬁ::tgerant
in the evapo :ator is insufficient, the system cannot meet its cooling needs, and this Iumts
capacity. Thus, in order to handle a larger heat load, a greater quantity of refrlgerant ‘atJeast in
the evaporator ‘is required, However, in typmal designs, by providing this large 1efr1gerant
charge, the 0 pexatmg efficiency of the system at reduced loads is reduced, thus requn ing more

30  energy for ihe same BTU cooling. Bailey, Margaret B., “System Performance Characterlsncs of
a Hehcal_ Rota:ly Screw Air-Cooled Chiller Operating Over a Range of Refrigerant Charge
Condiﬁbi:s ASI-]RAE Trans. 1998 104(2), expressly incorporated herein by reference
Therefore by correctly selecting the “size” (e.g., cooling capacity) of'the chiller, efﬁcmncy is
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temperature of one British ton of water 1° C). Thus, a minimal measurement of efﬁc1ency
requires a power meter (timebase, voltmeter, ammeter), and thermometers and ﬂowmeters for
the inlet and outlet water. Typically, further instruments are provided, mcludmg a chiller § Water
pressure gage gages for the pressure and temperature of evaporator and condenser A dfrta

25 acqulsltton system processor is also typically provided to caleulate the efﬁclency, in BTU/icWH.

V.S Patent Nos. 4,437,322; 4,858,681; 5,653,282; 4,539,940; 4, 972 805,t4 382 467
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; 5 190,664; and 4,747,449, expressly incorporated herein by 1efere11ce, relate tog heat
exchangers and the like.

30 There are 2 number of known methods and apparatus for separating refrigerants, .
including Us. 2,951,349; 4,939,905; 5,089,033; 5,110,364; 5,199,962; 5,200,431; 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 a&diﬁqh, there ére a



known refrigerant 5,176, 008; 5, 189, 889; 5,195, 333; 5, 205, 843,
5,222, 369; 5,226,300; 5,231, 980; 5,243,831; 5,245, 840; 5,263, 331,
5,272,882; 5,277,032; 5,313, 808;

-7

number of known refrigerant recovery systems, including U.S. 5,032,148; 5,044,166; 5,167,126;
5,176,008; 5,189,889; 5,195,333; 5,205,843; 5,222,369; 5,226,300; 5,231,980; 5,243,831;
5,245,840; 5,263,331; 5,272,882; 5,277,032; 5,313,808; 5,327,735; 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 hei-ein by reference,
Also known are refrigerant property analyzing systems, as shown in U.8. 5,371,019; 5,469,714;
and 5,514,595, expressly incorporated herein by reference.



5,327,735; 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 by

ref erence.
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SUMMARY OF THE INVENTION

The present invention provides a system and method for optimizing operation of a
refrigeration system. _

In most known refrigeration systems, control is exerted principally o assure that liquid
refrigerant is not returned to the compressor, and otherwise to assure that the level of refrigerant
in the evaporator is presumed to be at a predetermined set level,

According to the present invention, the optimum levef of reftigerant and oil in the
evaporator is not predetermined. Rather, it is understood that, over time, the system
characterisﬁcs may change, as well as the load characteristics, and that an optimal control
requires more complexity. Likewise, it is understood that direct measurements of the effective
levels of 1'elevant parameters may not be measurable, and thus surrogates may be provided,

Acéordi;;g to the present invention, a pair of control loops, an inner loop and an outer
loop, are pfovid@ad. The inner loop controls the compressor, than is, the motive force for
pumping h;efat. This inner control Ioop receives a single input from the outer loop, and optimizes
the compressor operation in accordance therewith, for example compressor speed, duty cycle,
inlet vane position, and the like. If present, a controllable expansion valve (typically located
between the condenser and evaporator) is also encompassed within this inner control loop.
Thus, the inner control loop controls the rate of supply of liquid refrigerant to the evaporator,

Thé odte__r contro] loop controls the partitioning of refrigerant between the evaporator and
a refrigerant accumulator element within the system. The accumulator is typically not a
“fiunctional” system element, in that the amount of refiigerant in the accumulator is not critical,
simply that this félement allows a variation in the amount of refrigerant elsewhere in the system.

The accumulatof may be a lower portion of the condenser, a separate accumulaior, or even a

- Teserve poi'tioﬁ of the evaporator which does not signi_ﬁcanﬂy particulate in the cooling process.

Du‘:i_ng?: jsfc:eady state operation, the feed of liquid refrigerant from the condenser will equal
the rate of gaseo‘us intake to the compressor. Thus, the rate of heat absorption in the evaporator
will effectix:relj ic‘%ontroi the inner conirol loop for the compressor. Typically, this heat absorption
may be measuted or estimated from a variety of system sensors, including evaporator discharge
temperatujre and ressure, evaporator water/brine intet and outlet temperature and pressure, and
possibly cbndéﬁ%er headspace temperature and pressure.

The oﬁtéi control loop determines an optimal level of refrigerant in the evaporator. A
direct measurement of refrigerant level in the evaporator is difficult for two reasons: First, the

evaporator is ﬁﬂed with reftigerant and oil, and a direct sampling of the evaporafor contents,
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Al so known are refrigerant property anal yzing systens, as

shown in U S. 5,371,019; 5,469, 714; and 5,514, 595, expressly

I ncorporated herein by reference. - 8 - SUVWARY OF THE | NVENTI ON
The present invention provides a system and nethod for optim zi ng
operation of a refrigeration system I n nost known..

refrlgeratlon systens, control is exerted principally to assure that
liquid 5 refrigerant is not returned t-&-t he conpressor, and otherw se
to assure that the level of refrigerant in the evaporator is presuned
to be at schrdyesbean Aptibakensor fov oll concentratighs dogs dibtigpicalytyiedd wefsbwentlis

i nventi ong urfug SysRRT d3kAbY SNy %%stéxﬁgbuh %atﬂé oitBshed éljetrnlé}{}n C}}dﬁ;eaﬁ yately

evaporator

not predeterm IS un

time, themegsedbutival émd@m@@mdat@nﬁwwelheﬂﬂg@ a repprtitisining @€ reﬁfrgrahbmn the
character a [
YRl stexﬁ%{nﬁcth@ﬁts Seco grﬂgjog&gﬁlﬁ Lal A Erﬁ]gmaa SPdBBE Gnd fr?th

conpl exity. Likew se, S un

surenents

the eff ecindyhersfergdere i léﬂo F@Pb\)@ﬂ@‘l t0pba detpmiesds Rathpr aprefetved method fonipKaming

dth
?Eveﬁlt Iugnfﬁy ?‘%%ﬁﬁgﬁ%?? Bhlg'é?égb&@ﬂ esp%@ﬁﬁﬁ &iah s%@ertar}gatﬁ’(reﬁfssﬁ&rt Peqod of

I nher oop and an ‘oute

are proviliae is tymenitenies leye aﬁeﬁmfan @e@m!\él@%ﬁ prefésably 4 et limtlon
motive f o dofdenid Hpase&ld&%afuh ﬂ@emﬂa&e ‘sm%Qﬁ‘;H 1{%&9%95 k%ﬁ?élygﬁe And

single input fromthe outer

oop, d optim zes conpress

oper at i onteldimdercondearingcndisicanfhe Hevelf is F319é1>‘(91ﬁ948§ teopgsies Stee the easahininfut y

cycl ey I

expansi on’val v

&Em\é@tﬁ%‘q{ nBR§ iﬂdue@pnmm Ridetalioas, méa&.ﬁ-éfﬁ of fle E&ﬁ!gfs@ drabl e

pical ly | ocated bet ween t e condenser

evapor at cieyupuaten g g@ﬁ@d%b@%@mﬂﬁlﬂt ws¢fil ipfermation feymessing 6hangesdn . Thus,

the i nneryweRpisQbibaaR IGRNIE Gk §ta1tu5w1enra§ 6 1kn B! Q&haﬁm%r b &H&éﬁfer and.
refrlgerant to the evaporator he out er -.control OOp control s ‘-the

partiti orfiVARPIHer areémowgé?vgﬁ@%%é@ﬁom fidoethap st oejpte mpgsurement may be

15

20

25

30

calculated.

Of course, there are other means for measuring or calculating the amount of refrigerant in
the evaporator, and broad embodiments of the invention are not limited to the preferred method
of measurement.

The present invention provides, however, that there is a partitioning of refrigerant, with
variable control over the amount within the evaporator. The outer loop controls this level to
achieve an optimum state.

In a refrigeration system; efficiency is calculated in terms of energy per unit heat transfer.
Energy may be supplied as electricity, gas, coal, steam, or other source, and may be directly
measured. Surrogate measurements may also be employed, as known in the art. Héat transfer
may also be calculated in known manner, For example, the heat fransfer to the cooled process
water is calculated by measiring or estimating the flow rate and the inlet and outlet:
temperatures. o

. While it is possible to map the control algorithm in terms of desired partitioning of
refrigerant under a variefy of load circumstances, a preferred embodiment of the invention
prqvides an a@apfive control. This adaptive control determines, during system transients, which
ma:y be normally occurring or induced, the charge in system efficiency with change$ in
re&igerant paftiti@ning at & given operating point. For example, if the process charfges, requiring
a cfiﬁ'erent heai lcfad dissipation, this will be represented by a change in inlef,water %emperaru:re ,
and/or flow rat_e.' ;:This olia.nge will result in a different rate of refrigerant evapoiatidn in the
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This tuning is tnggered by a change in process conditions or some adaptive auto ~turting process
In addmon, overtime, the optimization control surface will vary. As this surface varies to reduce

overall efﬁmency, secondary correction controls may be invoked, such a3 oil eductor, non- ‘
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25 A micre detailed analysis of the basis for refrigerant partitioning asa controI strategy is
provided. Chrllcr efficiency depends on several factors, including subcooling temperature and
condensmg pressm e, which, in turn, depend on the level of refrigerant charge normnal chrller
load, and the autdoor air temperature. First, subcooling within the thermodynamrc cycle wrll be

exarmned Flg 6A shows a vapor compression cycle schematic and Fig. 6B shows an: actual

30 temperamre-entropy diagram, wherein the dashed line indicates an ideal cycle Upon exrung the
compressor at state 2, as indicated in Fig 6A, 2 high-pressure mixture of hot gas and orl passes
through an 011 separator before entering the tubes of the remote air-cooled condenser where the

refngerant 1'6_} jects heat (Qh) 1o moving air by forced convection (or other coohng medmm) In



the amount OF oil migration into the evaporator, and with a known

starting state or clean s.ystem 1.11:-i 20 to estinmate a total
anmount of oil. Using neasurenents of evaporator discharge
tenperattire and |I. pressure, asl. well as water inlet and outl et

tenperature and pressure, it is ftirther possible estimate heat
transfer coefficients in the tube bundl e, and inpairnents thereof.
The refri2erant, oil and heat transfer-lzn'pal rments are the princi pI e
i nternal variables which control the effihiency 4,nY1111 of the
evapor at orthe lefapveraheovsid penderserofle fes hahsniprswrg sitpraited Girwid refiigeeant should be

i ntenti onaypsdre, et lbp@o m%@& 21.96) roordfn% Qxﬁif&ﬂﬁex’s%cto gﬁtfgtl%ns as

effective and ava| ‘abl e rol vari‘ab onger peri ods

oi | educt cROWRYY He & Entiedit- dhis iryeled s@woqling @#krwh@ﬂevrp@é@mm the ¢ondenser,
concent r atgOdeckBnit &ﬁdﬂéiomaﬁehﬁ; o?bxjate 'p?o‘ﬁ@ﬂly H‘adﬁﬁﬁn %@E%l 3f %céo%n@ﬂas a

optimal | evel. Over 'extended er val t enahee may tI

per f or med ditetagpiopship Wﬁhﬁhl%lwm@f A rﬁiiap# lﬁ’éfr%f%mamhp&reiwlgs in ﬁénﬁ of state 3
refrigeranty Fig. 3B) flthe taﬁ@@a%@pohaﬂgmﬁfeaes%& fRYe @&tlﬁ@e&a&ﬁaﬂsﬁaﬁ@a
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(typi cal | yioPrBRPEiHEe EEReraNE athjch el lﬁéncrqakeé stogyes facqumy ?mtﬂéﬁr‘i?P R
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According to the present invention, therefore, the condenser or accumulator are provided
to reduce any inefficiency resulting from variable storage of the refrigerant. This can be
achieved by a static mechanical configuration, or a controlled variable configuration.

20 Incfeased outdoor air or other heat sink (condenser heat rejection medﬁun) temperatures
have an oﬁﬁosite effect on the operation of the condenser. As the heat sink tempferature
increases, more condenser surface area is used for latent or isothermal heat uan§f6r associated
with condé"nsing and a corresponding decrease in sensible heat transfer area us'eél for subcooling.
Therefore; i increases in heat sink temperature result in decreased subcooling temperatures and

25  increased condensmg temperatures.

Referring to Fig. 6B, an increase in subcooling drives state 3 to the left, while an increase
in condensing temperature shifts the curve connecting states 2 and 3 upward, High condensing
temperatures can ultimately lead to compressor motor overload and increased COImMpressor power
consumpﬁan or lowered efficiency. As subcooling increases, heat is added to the svaporator,

30  resulting ifi an upward shift of the curve connecting states 4 and 1. As the evaporating
temperature iacreases, the specific volume of the refrigerant entering the compressor also

inoreases, resuliing in increased power input to the compressor. Therefore, increased levels of
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t he outdoof air tenperatu F 'S
t her mody nedv-eondapedbie gas ngb@f@mthﬂecbﬁﬁﬁegm Bmﬁsdtt@nsmw kesgonducted. Noa-

conpr essi
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several rows of condenser corl hi gh-pressure saturated liquid
refriger aﬁiﬁchgqsemeéml#ewwmm%&au@ fae COMATYSSQI(§ SPEON PEPSHIES tooncl@se%ﬁ

accor di NQudbs CRBHEBE SR afd § SEAIRICAN | QR Fig, 85 3 DBRMKR PWaRidE s 3 10
Fig. 6B. This | evel "of subcooling allows the device fol 'pwi ng the

condenser increes 1@|he%,ttswésﬁ¢1%veé%wan%q vatdeshifisin cugesshidrozgie 1 pr BpRrPae inn
addi t bon, re’ﬁké%rah%orﬂng%ﬁ%%hb RGuIR3Sa Becrease in the evaporating apploach

temperatme As the approach temperature decreases, the mass flow rate through the evaporafor

must mcrease m order to remove the proper amount of heat from the chilled watet loop
Therefore, mcreasmg heat sink temperatures cause svaporating pressure to 1nerease which leads
to mcreased :eﬁ*lgerant mass flow rate through the evaporator. The coxnbmed eﬁect ofhigher
30  refrigerant mass ﬂow rate through the evaporator and reduced approach temperann'e canses a
decrease in superheat temperatures, Therefore, an inverse relationship exists between heat sink

temperature and superheat temperatures.



5 direct relationship with chiller capacity. A reduced |evel of
subcooling results in a shift of state 3 (in Fig. 6B) to the right
and a corresponding shift of state 4 to the right, thereby reducing

t he heat renoval capacity of the evaporator (Ql). As the
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system al so increases. An increase intifie anount of 10 refrigerant |n
t he condenser %}tﬁo oCCUrs as the | oa tg} on the chiller decreases due t
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30 measuring efﬁcwncy 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 ofien a margin of



10 present invention, the "cost” of |ow superheat |evels may
optionally be included in the optim zation, in order to account for
this factor. O herw se, systens nay be provided to reduce or contro
such probl ens, allow ng | ow operating superheat |evels.
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under charge causes an increase in suction pressure. In general, the
average suction pressure increases wth increasing refrigerant. charge
during all charge |l evels above -20% Refrigerant charge level is a
significant variable in determ ning both superheat tenperature and
suction 25 pressure. - A system and net hod for measuri ng, :
anal yzi ng and mani pul ating the capacity and efficiency of a
refrigeration systemby instrumenting-t#e refrigeration systemto

measure efficiency, selecting a process variable for nanipul ation,
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30 Aﬂer sjri;;t}am service or maintenance, the control system may be initialized or retuned to
ensure that isre-sérvice or pre-maintenance parameters do not erronecusly g'c;vem system

operation.



returning it to an optimal state, and to performa cost-benefit
analysis in favor of any such efforts. 25Typically, before extensive
and expensive system mai ntenance is perfornmed, it is preferable to
instrunment the systemfor real tinme perfornmance nonitoring, rather
than sinple state analysis. Such real tinme performance nodeling is
typically expensive, and not a part of normal system operation;
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perturbations in the control variables are neasured during actual
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nodel may be avail able for .estimting systemefficiency and capacity,
as di scussed above. Wth FRAC, paraneters that characterize the
pattern of the cl osed-|1oop response are 10 determ ned after
significant setpoint changes or |oad disturbances. The control
paraneters are. then adjusted based upon the characteristic paraneters
of the closed-1oop response. Al pattern recognition adaptive
controller known as EXACT is described28y T. W Kraus and T. Pri.j.
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Manual tuning of | oops can take a long time, especi-ally for processes
w th sl ow dynam cs, including industrial and comrercial chillers.
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a feedback controller with feedforward compensation, which acts using not only measured

20 pmce[ss outputs and a reference trajectory but also measured disturbances and other system

parameters See, U.S. Patent Nos 5,822,740, 5,740,324, expressly incorporated. herem by
reference
' As discussed above, a significant process variable is the ofl content of the refrigerant in
the evaporator This variable may, in fact, be slowly controlled, fypically by removal only, smce
25  only 011 rare occasions will the oil content be lower than desired for any si gmﬁcant leng’[h of !
time; and removing added oil is itself inefficient. To define the control algonthm the process
vanable, e.g., oil content, is continuously varied by partially distilling the refngcrant at, or
entenng, the evaporator, to remove oil, providing clean refrigerant to the évaporator in an auto—
tunmg plocedure Over time, the oil content will approach zero. The systcm performance is;
30 momtored durmg this process, Through this method, the optimal oil content mithe evaporator
- and the sens1t1v1ty to changes in oil content can be determined. In a- typlcal mstallauom the
opnmum 011 concentration in the evaporator is near 0%, while when the system is 1e1:rofitted

witha control system for controlling the oil content of the evaporator, it i 1s well above optimum.
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medulatlen), compressm inlet flow restnctlon, or the like.

Wh.lle the immediate efficiency of the evaporator may be measurcd assummg a smgle
compartment w1thm the evaporator, and therefore short time delay for mxmg, itis also noted
25  thatam 011 phase may adhere to the evaporator tube walls. By flowing clean reﬁLgerant t]:u:ough
the evaporator th13 oil phase, which has a longer time-constant for release ﬁom the walls than a
mixing process of the bulk refrigerant, is removed. Advantageously, by modelmg thelevaporatm
and momtormg system performance, by removing the oil phase from the reﬁ-lgerant s1de of the
evaporator tub walls, a scale or other deposit on the water-side of the tube wall may be '
30 esnmated Th13 it trns out, is a useful method for determining an effect on efﬁc1ency of such
deposﬂs, and jmay allow an intelligent decision as to when an expensive: and time consummg
descalmg of the tube bundles is required. Likewise, by removing the excess ‘oil ﬁ]m from the

tube wall eﬁmency may be maintained, delaying the need for desca]mg



It isnOed that, according to the second enbodi nent of the present,

I nvention; both refrigerant-to-oil ratio and refrigerant fill my be
I ndependently controll ed vari abl es of system operation. 20The
conpressor may al so be nodul ated, for exanple by controlling. a;
conpresSi on conpressor speed, conpressor duty cycle (pulse. frequency,
pul se wdth and/Or hybrid : Modul ation conpressor inlet flow

restriction, or thelike V\hilethe'r diate efficiency of the
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network model For example, linear processing of sensor outputs, data normaJJzatlon, statistical

pxocessmg, etc. may be performed to reduce noise, provide appropriate: data sets or to reduce the

topologtcal or computatlonal complexity of the neural network, Fault detectlon may also be

mtegrated in the system, either by way of further elements of the neural network (01 a separate
20  neutal network) or by analysis of the sensor data by other means.

Feedback optimization control strategies are may be applied to transient and dynamic
situations. Evoluhonaty optimization or genetic algorithms, which mtenttonally introduce small
perturbat:ons of the independent control variable, to compare the result fo an objective function,
may be made dlrcctly upon the process itself. In fact, the entire theory of genettc algorithms may

25 be apphcd to the opttmlzaﬁon of refrigeration systems. See, e.g., US Patent Nos 6,496,761;
6,493, 686 6, 492 905 6,463,371; 6,446,055; 6,418,356; 6,415,272; 6, 411 944 6,408,227,
6,405,548; 6,405; 122 6,397,113; 6,349,293; 6,336,050; 6,324,530; 6 324 529 6,314,412;
6,304,862; 6, 301 910 6,300,872; 6,278,986; 6,278,962; 6,272,479; 6,260, 362; 6,250,560;
6,246,9_’{2, .6,230,4_97, 6,216,083; 6,212,466; 6,186,397; 6,181,984; 6,151,548, 6,110,214;

30 6,0,64,996;- 6,055-;820; 6,032,139; 6,021,369; 5,963,929; 5,921,099; 5,946,673 ; 5,912,821,
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.



Conpl ex interdependencies of the variables, as well as the preferred
use of surrogate variables instead of direct efficiency data, weigh
in favor of a non-linear neural network m)del, for exanple simlar to
t he nodel enpl.oyed in Bailey, Margaret B., "System Performance 10
Characteristics of~a"Helical Rotary Screw Ai r - Cool ed Chl I Ier
Operating Over, a Range of Refrigerant Charge Conditions", ASHRA E
Trans. 1998 1@4( 2). In this.case, the-#bdel has an input Iayer t wo

hi dden | ayers, and an output |ayer. The output |ayer t}/ pically has
one node for ewerdiagintbeprisat Rudmtion e conl may opwsaik AR DY leﬁyéfiepmtazrns
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achi eve opthe menpﬂs apt[lmp@dﬁcmm@gor control, and, for example, changes m reihgerant

purity, refri gerant charge, oil level, and the like, may be made in order to. explere system

operatlon.
‘Multivariate processes in which there are numerous interactive effects of independent
30  variables upon the process performance can best be optimized by the use of feédforﬁvard control.
However, an adequate predictive mathematical model of the process is require-d.l Th15, for
example, may be particularly applicable to the inner compressor control loop. . Note'that the on-

line ccjntrol computer will evaluate the consequences of variable chang_és using the xfnodel_ rather



According to one enbodi ment of the invention, a refrigerant-side vs.
wat er side heat transfer inpairnent in an evaporator heat exchanger
may be di stinguished by selectively 10 nodifying a refrigerant
conposition, for exanple to renove oil and other inpurities.: For
exanple, as the oil level of the refrigerant is reduced, oil depasits
on the refrigerant side of the heat exchanger tubes will also be
reduced, since the oil deposit is genelZ8tly soluble in the pure
refrlgerant The heat exchaﬁ%éspnay then be analyzed in at |east two

di f f er ent D& pEtlingShe grocess it ﬂFaPré‘il‘PﬂV@é?%ﬂﬂmna%an@Oﬁ@ istberpfomstod] y
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performance nust be due to deposits on the water
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side, the amoury peducs 851able® %ﬁﬂfzatﬁ)h‘ii@sult MR AthdhAR1041 IJSB%MI 8 s&3kdpig ed

mnthout actually removing the entire inpairnent Wile, as state
above, Sa &shtigheruust fe an agerrinteprpenistion Freees. o prsups aedd-Pii ent

oper at i on c4RBHhnRtHE wite tel pBRERNhe mbld] $ ﬂréﬁeraﬁ? dhBebdRust PRS0 each fuse. Model
riecessny. Slnce thi s _process. of puri ere ger an
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i ndependent benefit to system oggr ation, it theref ore provi ées an
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reduce capacity,, and results in very | ow, possibly suboptimal, oil

doncent r afARsETIRiGS t he evaporator, so continuous purification is

general Iy not mbmnér@mﬁy of & relantienkBanStants brelveryIQHN WhRHi8 reduces short

perturbation in s ste f ?nse I n order to detennine gparaneter
al ency proce: S1T1 emands o

a real time controller, it also makes corrections slowto -
implement, and poses the risk of error, instability or oscillation if the timeconstants are -

15  erroneously computed, Further, in order to provide a neural network with direct feﬁpoml :
control sensitivity, a large number of input nodes may be required to represent: the data tendé
‘Preferably, temporal calculations are therefore made by linear computatlonal method w1th
transformed time-varying data input to the neural network, The transform may be, for ex_ample,
in the time»-ﬁ‘equéncy representation, or time-wavelet representation. For e:éaﬁi)le, first and

20  second derivatives (Or higher order, as may be appropriate) of sensor data or tréhéf(gnned seiisor
data may be calculated and fed to the network. Alternately or addmonally, the output of the
nenral network may be subjected to processing to generate appropriate process control 51gnals It
is noted that, for example, if the refrigerant charge in a chiller is varied, 1t IS hkely that crmcal
timeconstants of the system will also vary. Thus, a model which presumes that the system has a

25  set of invariant timeconstants may produce errors, and the preferred system. accordmg 10 the
present invention makes no such critical presumptions. The control system ﬂlerefore preferably
employs flexible models to account for the interrelation of variables. .

Other potentially nseful process parameters to measure include moisture, refrigerant

breakdown products, lubricant breakdown products, non-condensable gasses, and other known

30  impurities in the refiigerant. Likewise, there are also mechanical parameters whjch may have
optimizable values, such as mineral deposits in the brine tubes (a small amount of minetal |
deposits may increase furbulence and therefore reduce a surface boundary layéi), and air or water

flow parameters for cooling the condenser.



of the systemis not limted to conpressor control, and, for exanple,
changes iii refrigerant purity, refrigerant charge, oil |evel, and
the like, may be nade in order to expinre s3rStem operation.-

Mul tivariate processes in which there are nunerous interactive
effects of independent 30 vari abl es upon the process performance can
best be optinm*Zed by the use of feedforward control. However, an
adequate predictive mat hemati cal rnodel"23f the process is required.
This, for exa articul arl pl i cable tQ the inner
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therefore prefsRalioymerBe Byrided @ the pecsss uurable; i dsierpiinthsigrontidzation is
interrel ahde@Rapf D! I rédPhi@Sation, it is not always necessary to conduct further efficiency

measurements, tather, the prior measurements may be used to redefine the desn:ed operating

- regime. ,
30 Thus, after the measurements are taken to a limit (e.g., near zero oil or beyond the

_."‘

H_—’

!

expecied operating regime), the system is restored, if necessary, to achieve a desired initial
efficiency, allowing for gradual variations, .g., aceumulation of oil in the evaporator, while still
maintaining appropriate operation for a suitable period.



O her potentially useful process paraneters to neasure include

noi sture, refrigerant breakdown products, |ubricant breakdown
products, non-condensabl e gasses, and other known 30 inpurities in.
the refrigerant. Likew se, there are also nmechanical parameters which
may have optim zabl e val ues, such as m neral deposits in-the brine
tubes (a small anobunt of mineral deposits may increase turbul ence and
therefore reduce a surface boundary Ia?%r) and air or water flow

par anmet ers for cogling the condenser. - Typi cal ly, "there
are a set of giendy AneasHEpTRTE, of yrFogate Wé%ﬂ“@fqe%fé‘i) (8/2-HFRUSTeRHT BPPI#aIM
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Inithe bil separating device, advantageously, the reﬁ"lgerant is fed mto a fractional

25 dlStllla'thIl chambm controlled to be at a temperature below its boiling pomt and therefore ‘
condenses into a  bulk of liquid refrigerant remaining within the vessel. Relatwely pure
refngerant is present in the gas phase, while less volatile impurities remam m the hqmd phase.
The pure refngerant is used to establish the chamber temperature, thus prov1d1ng a sens1t1ve and
stable system The fractionally distilled purified liquid refrigerant is avmlable ftom one port

30 while unpuntles are removed through another port. The purification process may be manual or
automated, contmuous or batch.

Qi{e aspgct of the invention derives from a relatively new understanding that the
optimum ééil level in the evaporator of a refrigeration system may vary by r__hanufacmrer, model



25 inplenentation of the control process. A Monitor may be

provi ded for the process variable, to determ ne when reoptim zation
is necessarV. During reopthnzation, it is not always necessary to
conduct further efficiency neasurenents; rather, the prior
measurenents nay be used to redefine the desired operating regine.
30Thus, after the measurenents are takg toalimt (e.g., near zero
O 1 or beyond the expected operating r ane) t he systen1is restored,
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20 efﬁmency may produce substantial savings in energy costs. Possibly more 1mportanﬂy, when

efﬁmency drops, it'is possible that the chiller is unable to mainfain the process parameter within
the desn’ed range. During extended operation, for example, it is posmble for theoil
concentratlon in the evaporator to increase above 10%, and the overall capac1ty of the systerm to
drop below 1500 tons This can result in process deviations or failure, Wthh may require

25  immediate or expenswe remediation. Proper maintenance, to achieve alugh' optimum

efficiency, may be quite cost effective.



Compl ex Man necessary for this purpose. U S. Patent No 5,377,499,
expreSslY incorporated : ' 20 herein by referance, thus provides a
portable device for refrigerant reclamatioMIn this system 'i.
refrigerant inaybe purified on site, rather than requiring, in each
instance, 6.1;ansporting of the ! refrigerant to a recyeling
facility. U S 5,709, 091, expressly in%?rporated i Orei $i by
reference, al so discloses a refrigerant“tecycling nethod and

apparatus. In i t i dvant ageously, the
refrigerant i ﬁﬁgﬁﬁbhpgﬁgﬁéﬁﬁ?%ﬁth | I ati on chanber
controll ed t o Theimvtntntvilipew aé deseritee oW réftrenda @ hi BGoRGAYing ded¥fings, in
therefore ndenSes into a bulk of liquid refrigerant remaining

within th&%ssel. Rel atively pure refrigerant is present in the gas
phase, while LFem isendchérmdtie viemﬂalkmmtubemhﬂl hetit dxbi@nkdr@Wdpdrapltase. The

pure rgfriger used ta es h t nbe erature, thus
pr o-+i %el ng a ? %Fﬁ?"\?&ngﬂ Vlﬁ?’ﬁt‘? EJLFS%‘FE%’ gmfl?‘{i@iyl A PIgETIENt O
purified titbeg o sltube buridipe eah tubke sxtendirig) aahillg albfigie tegth POThE heal @xobbiidef
inmpurities are% renmoved t hrough another port. The purification process
May be e AT =8¢ aut omat ed, continuous or batch. One ‘aspect of the

i nvention der iFige8 sﬁmm sahanmhaﬂnaw&igy)f a pantisl itk stioa sektengfor Fadovingeil from a

opti mum 0| : Ilev eénge evaporator of a refrigeration system may
vary by rran§?§% model - 31 - and particular system and that
t hesellvari abl &&. asbmlagnhetnauaoﬁa dhiilet éfﬁcxeﬁdylnmaamgenoéystbhle process and

may change ov R ol | -l eve ed not b Jor
example in fi ﬁlgf uBe0 es\?-ag g‘%%[ %prr ent?tﬁveegzlbctlenc %T ‘qulg?}’&e‘ﬁﬁ%ng%ﬂﬂet ween
1-5% at ewhpocdtortoieondehtrdsiohpl es and fornms a fil mon the tube surfaces,
i ncreasing he hand, soscalled 5
nucl eati on boﬁt & %Aggﬁcg%}ﬁ}for <’atnf§l;¥w%3 SCh %‘%/ceo‘%ggépuoﬁs?%ﬁsg’ﬁc?}cl? %

opti mal cehpaaweentomatdiagramst ypi cal | y I ess than about 1%

Seeki to ma 0 C a E% f ef fici.ent
Si nceﬁtghe oi | F%é?h”’]?ar%r’/? égéglsag I%%%%%’U‘lﬁ re %t% 8} %ﬁlrne coélﬁeliaccorglﬁ%
bypass ofwtbemrasgnémmtlonand an operating system has a Iow but

continual 1|evegl, ® 2 %hoka@ %%é}giesc?%%}: gﬁ%ry and 28 r&’h%% tol Fs‘}srérﬂ.'cotnggﬂ %ﬁ(ﬂﬁ?{]

may al so 10 i system e in a nanner’ | NCONSI s
t he chandkspresanidivendonepred) of the evaporator.

Fig. 9 shows a schematic diagram of a control for a refrigeration system according to the

20  present invention.




Thus, this aspect of the invention does not presume an optinmm | evel
of a particular process variable paraneter. Rather, a nethod
according to the invention explores the optinumval ue, and thereafter
all ows the systemto be set near the optinmum Likew se, the method 15
permts periadic "tune-ups” of the system rather than requiring
continuous tight maintenance of a control parameter, although the

i nvention al so provides a system and n&thod for achl evi ng conti nuous

noni toring an The refri ratlonsstems or

Chil | ers ey BEAIEE0 e G TN OF, e 2B 55 Lon

devi ces whi ch The 8pegbiBQVd therRBfdbis) m&mvmﬁgwo@mrpeeseﬁvﬁ@nmh
changes in 20 eff|C| C rom{%ﬁ? substanti al savings i:n energy
costs. PoXEPRTPorssFad Fﬁvi’ﬁﬁe{léﬂﬁq skiffcd i 10e pit £ el e g pEion pertging upon
possi bl e ltefa:eetncétbehﬁ‘elldvb@g détiledl BEsBHRich Of SR I HRAIEst eI oPERS R RA BB er

within the desir r an, Duri ng extended operation, for exa le, it
i s possi b‘P%e”FB‘b“ﬁ‘ﬁ’é"%’P crtd TR Bin LIPSV A IS 1t ‘@hlf:berpeagcb

above 10%m1eaﬂlem@ef@1eeﬁehﬂonemewﬁ yndfesdrined By Sdyemiheraion Panl by 1500
tons. This . sult in process deviations or failure, vvhich may

require 2 d’f 8" or expensive renediation. Proper naintenance, to
achi eve a hi glExepapiim ef fi ci ency, may be quite cost effective. - 32
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Cacal |y Wt PiogS o VAN s e r o oF e eD. Binieplg 4 vpavisns

ext endi ndirsbspak bycoatinngs witeth fgiohofthe tube 1) fradk aem:haﬁlg:ee 8 &Mﬁtﬁﬁb@stvﬁifb
Fi 3 distill f
Fegoving 1 RepD BT Be0: J5PD Rl Rkl it bt fhactiSh ST
schenat i chel 3,dewnd Meanbeahdet 4ifertigritneiag floe oEthe ﬁsyﬁxbmom from a COnEmglo 5
sho esent at effi c ra h re pect

changg;1 ﬁ#‘\lxe%ége tr"’fﬁsor’ “oi eng%fﬁa(?gﬁ i &Bﬁﬂ o e cap‘f’—‘?f\é\‘% . ﬁ @F\ow
respect i \spdtm need otersmiinetriof as aae\thapovolmmmnm oill digfed = eaa:thd1da ofthe
tenper at %f/s%en? n&&%ﬁé’w&h@%t&g}ﬂ baffles or other means for ensuring optimi zed ﬂow d1str1but10n

patterns. m the heat exchange tubes.

As shown in Fig. 3, a refrigerant cleansing system provides an infet 112 for receiving

20 reﬁlgerant from the condenser, a purification system employing & controlled d1st111at10n process,
and an outlet 150 for retumning purified refrigerant. This portion of the system 1s su:oJJar to the
system descnbed inU.S. 5,377,499, expressly incorporated herein by reference

The compressor 100 compresses the refrigerant, while condenser 107, shede the heat in
the gas. : A small amount of compressor oil is carried with the hot gas to the oorldenser 107,

25  whereit cools and condenses into a mixed liquid with the refrigerant, and ex1ts tbrough line 108
and ﬁthng 14, Isolatton valves 102, 109 ate provided to selectively allow mseruoln of aparﬁal
d1st1]1at10n apparatus 105 within the refrigerant flow path. The refrigerant from thle partlal
dlstlllatlon apparatus 105 is received by the evaporator 103 through the 1solat10n valve 102.

The partlal distillation apparatus 105 is capable of boiling contammated! Iefrlgerant ina

30 dlsullatlon chamber 130, with the distiliation is controlled by throtiling the reﬁ-lgerant vapor.
Contaﬂunated reﬁugerant liquid 120 is fed, represented by directional arrow 11@ through an inlet
112 and apressure regulating valve 114, into distillation chamber 116, to estabhsh liquid level
118. A contamnated liquid drain 121 is also provided, with valve 123. A hlgh swface area



15Figs 7A, 7B and 7C show, respectively, different bl ock diagrans of

a control according to the present invention; Fig. 8 shows a
sem -schematic diagram of a refrigeration systemcontrolled according
to the present invention; and Fig. 9 shows a schematic

di agram of a control for a refrigeration systemaccording to-the 20
present invention. - 33 - DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS The foregoing and ot hé4- obj ects, features and

advant ages qof the present | nvent ion will becone nore readily apparent
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illustration, and ‘not  of limtation, wherein;
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shell 3. The tubes 2 are £03|t|on Wi th a tube e of
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separ at eSyadvel 128 Sind SRRCRnSol of RAMHEAMAUDnIGI 16t HthsQ 5iffatiGs v&hferettﬁlﬁan%Jtﬁgﬁ
7, froma sec nd s ntinuous with the exterior of the tu

2. Typi calfy™ %?ieaaﬁrgamﬂldw @F@Pﬁ%ﬁﬁ%‘i‘m 8bqve thesBl aass eonsliis A3 Qasepives

t he stel | sothe o2 Gttt fFign écmﬂ@esgdaq% bélowltBestdids the b%ﬁﬂmﬂomwuﬂicaiehﬁy
first medi umfrom £o dﬁﬂéz EF%hrough t he_ tubes 2, and thence

back to &8¢ “Eto

need nol ﬂumpeyﬁan@tarmgmeaspatsmn&mwﬂd\p%umstoam@lhdham@mw&&nﬁhﬁﬁaer at
each si de of the g% onal a?lfffles or .ot her
n

means f or“BREHE ulnghZ "’SS F‘PW%?@Wl%WJ‘% &2 Jirgetions \%?t 144,

exchange lbspbﬂﬁrelyﬁxsﬂlqiﬁﬁﬁthﬂoﬁgﬁugﬂw@ comiehif [460mH ditksued ﬁ@ﬂﬁiﬂ@@&lﬁ‘ry sdEm
provi

condeﬂsgerpmc&w%ﬁ&iﬁf‘]ilééﬁ%%m%eC %B‘fg‘ﬁﬁgl’%{‘d&‘ : ant]ép 3@6@?@6}?& | ation

process, candbneen 106 eaitrolledby aaradmabnan t&tﬂj)g'am:ﬁ dohtrélGhnit Q:Eﬁdtdll%ﬂ 8ythe -Thi s

ortion of mis. sim/lar escr in U S,

B0 7 hodondsi B Hhirbii o i fhut B B Pl LSRR it cng e
cot r apr essagorstil 08 OBPHASHE thelsytent ek tigie, roarabcunmﬂatibﬁ 1rctﬁéld\€ap&@1ror 1d3Awilt
sheds the, hegt::i.n the.gas. A snialli anmount of conpressor oil is -
carried vﬁr?ﬂﬂﬁi”ﬁ‘éle%]tng §ystt?5‘lthe condenser. 107, 25 where it cools md
condeltses i nt Bigad ﬁho)(vedn lmmumﬂtadnahﬂﬂext djrﬁem,m‘ubhrggmammc {&‘I‘bdtcﬁi@obﬁlnuzatlon,

t ht ughi | 108 |
br ov? dedt % S5 8 ool b iopb il B Rf o g it “Cighessor 100

is connected fo a power mefer 101, which accurately measures power consumptlon by measurmg

Volts and- Amps dlawn The compressor 100 produces hot dense reﬁlgerant vapor in 11ne 106
which is fed to condenser 107, where latent heat of vaporization and the heat added by the ‘

25  compressor 100 is shed. The refrigerant carries a small amount of compressor lubricant 011 The
condenser 107 is sub3 ected to measurements of temperature and prcssure by temperature gage
155 and pressure gage 156. The liquefied, cooled refrigerant, mclud.mg a pomon of mixed 011 if
fed through line 108 to an optional partial distilletion apparatus 103, and hence to evaporator
103. In the absence of the partial distillation apparatus 105, the oil from the condenser 107 -

30  accumulates in the evaporator 103. The evaporator 103 is subjected to gieasurements of
refrigerant temperature and pressure by temperature gage 155 and pressiuire gage, 156. The
chitled wéter in inlet line 152 and outlet line 154 of the evaporator 103 :a}e aflso'subject to

olforehisifiont e Fermiepermbiput weallgpedm -




distillation apparatus 105 within the refrigerant flow path. The
refrigerant front thle partial distillation apparatus 105 is r-eceived
by the evaporator 103 through the isolation valve 102. The parti al
distillation apparatus 105 is capable of boiling contam nated refri
igerant in-a 30 distillation chanber 130, -with the distillation-is
controlled by throttling the refrigerant vapor. Contaninated
refrigerant liquid 120 is fed, represedfed by directional arrow 110,
through an inlet 112 and a pressure regul ating valve 114, into
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100 is" shed. e refrigerant carries a small anobunt of conpressor
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tenperature and pressure measurenent by tenperature gage 155 and
pressure gage 156. The evaporated refrigerant fromthe evaporator 103
returns to the conpressor through |ine 104. The power neter 101,
t enperature gage 155 and pressure gage 156 each provide data to a
data acqui sition system 157, which produces output 158 representative
of an efficiency of the 5 chiller, in, for exanple, BTU kWH. An oi
sensor 159 provi des a continuous neasuf@nent of oil concentration in
the evaporator 103, and may be used to control the partial
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- 36 - pressure and tenperature, and anbi ent pressure and
tenperature, all through a data acquisition systemfor sensor inputs
201. These variables are fed into the adaptive control 200 enploylng
a nonlinear nodel of the system based on neural network 203

t echnol ogy. The variables are preprocessed to produce a set of.
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The input variables are, in this case, simlar to those in Exanple 2,
including refrigerant charge |level, optionally system power
consunption (kWatt-hours), as well as thernodynanic 5 paraneters,

i ncl udi ng condenser and evaporator water tenperature in and out,
condenser and evaporator water flow rates and pressure, in .and.out,
conpressor RPM suction and dlschargewg%essure and tenperature, and
anbi ent pressure and tenperature E 4 As shown in Fig. 7C, a
control system 230 is provided which controls refrigerant charge 10
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10 considered inportant. These nodes al so provide options for control
systeminitialization and fail-safe operation. It is noted
that, since the required update tinme for the systemis relatively

| ong, the neural network cal cul ations may be inplenmented serially on
a general purpose conmputer, e.g., an Intel Pentium Wor Athlon XP
processor running Wndows XP or a real tinme operating system and 15
therefore specialized hardware (other 8han the data acquisition

i nterface) éﬁ%ﬂwgpically nolt necessary. It is preferred that the
control systemprovide a diagnostic output 236 which 'explains" the
actions of the control, for exanple identifying, for any given
control deci si of, tHﬁ”@@%@ﬁr“Pﬁﬁﬂ%% whi ch had the greatest influence

on the output stminput fdrfecEigis ﬁliym&ﬂ?bélz\ﬂﬁekerﬁ)é&{lﬂ'&fhihm TQNRMBE ana%&:& cgf%@tuélt
ur er
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provi de a “ﬁ@ﬁﬁ@ﬁﬁéﬁawberatlonal node until inai ntenancamay be
perfornmed. The afl Qﬁt @dy @&s&llﬁl?é:a'h eﬂﬁﬁa%rbf 9Jv1a‘ﬁél%091r tﬁé cﬁf 1'; 9]%5:%@919‘6@?%3\‘[:81
the invention een presented pur poses ustratio

descri pti o i a?eg O Ed hesmedygegye rlﬁlysém@%walﬂ@@fl%wm begwsernpstpte pitke t he
i nvention bgrdihgrepigeaiicseydto 48 tdiopwhosiae, Since many nodifications
and variations are possible in |ight of the above teaching. Sone
nodi fications have been described in the specifications, and others
may occur to thdse sKielappptispcotimear daimd, wierabhsakllpeocessor estiniagna
pertalns. iefrigeration efficiency of the refrigeration system in an operational state, further comprising
means for altering a process variable of the refrigeration system during efficiency measurement

and calculating a process variable level which achieves an optimum efficiency.

3. The apparatus according to claim 1, further comprising a control for
altering physical parameters by altering at least one of an oil concentration in an evaporator

and a refrigerant charge of said refrigeration system.

4. A method for determining a deviance from an optimuwm operating state of a
refrigeration system, comprising:

obtaining actual physical parameters from an operating refrigeration system usefu] for
performing a thermodynamic analysis of refrigeration system performance;

performing a thermodynamic analysis of the refrigeration system based on the obtained
physical parameters;

deterntining a consistency of the thermodynamic analysis with a model of the
refrigeration system, wherein the model of the refrigeration system defines at least an optimal
state of the refrigeration system given at least one constraint comprising at least one deviation

from an ideal refiigerant cycle; and



39 CLAIMS |. An apparatus, conprising: an input for receiving

physi cal paraneters usefiil for a thernodynam c anal ysis of actual
refrigeration system perfornance of an operating refrigeration
system a processor for perform ng a thernodynam c anal ysis of

the refrigeration system based on the received paraneters and
determ ni ng consi stency of the thernodynam c analysis with a nodel of
the refrigeration systemderived from fleasurenments of the operating

refrigeration sysfueinghi sefte oﬁ/ﬂaemee frorh ke m@ehat%t‘tﬁeheﬁxg@itfoh gRleAlbhen
3?’\5/ ;ﬁma?er :aoggﬁd %%13‘10?)21%1&110%&1 Ban r% ll'LC(t)llSlS encxets b?tw% L stg{q ggtgr%%i[eg&?%ﬁy? f, gm
an i deal ratffigepsionpistempand de optinl state. an output for presenting an
estimate of deviance fromthe optinmal state of the refrigeration

syst em based on, sai d_t her pdynam ¢ anal ysi s and any inconsi stencies
between a state>of tH¥ “beﬂngé\"tcf’lﬂﬁa g PR Je it destirasnl dpianediausept i mal
st at e. to deteniline d heed &p pAiRiatich sfeaddedlicdg to claim 1, wherein said
processor estimates a refrigeration efficiency of the refrigeration
systemin an operational state, further conprising nmeans for altering
a process vari abl e ofhetiethod edcoritige roatainof véysinemd eltinmime gf @fibice isasaly
measur errentto@ﬂgla%h@mg@;ﬂongysggmgéﬁgl?s vari abl e | evel which achieves
an optimum efficiency he apparatus according to claim1,
further conprising a control for altering physical paraneters by
altering at |east onBeofthahacorfingorbiond, watikionaid heandevajsenaiscreaado a

refrigerantsglaf tﬁ@reﬁfgmﬁ@dHQyé’cﬁf E"drlg@rrcéﬁlf)rgﬂg ﬁ%%t@ﬁg@momtmmg reﬁlé(lérati?h %ELJPOCI
for determni ance from an Op I mum Opera 1 ng

refrigerat P‘ahﬁ 8%}’5‘? ‘8 ﬂﬁ“- WBHPFY A of operating cgipgitiongip ﬁaela@w@a?latﬁﬁy@idwav
par amet er s sdsivaphysicaperaatetersg refri gerati on system useful for
perform ng a thernodynam ¢ analysis of refrigeration system
per f or mance; perform ng a thernodynam c anal ysis of the

refrigeration sgstemhbasmed ﬂﬂm&hh@to@iamm ﬁxxﬂdelpbmmabd;mamaﬁﬂﬁ{ss
det er m ni ng a. con stenc t he. 1 her s, wWith deI

of the refrigQera ?Sglﬁansn $ %iﬁi’le%ﬁgﬁ'té‘? Wegﬁgy%ﬁﬂeéﬂm%i‘ys?‘}ﬁ/eg“?lé"f Fcinlj’éf‘”éﬁ
syst em def i strpsofatitetigggtrocass vopbicwithe sfrgtetiafsytdne caledaringerefigeration sys&tne m

given at | eagh QR LoRSh 1%119%31?8@2%*1@& ﬂ%l&&a&aﬁ%& S aﬁg%algﬁye%a%gn Ak f r om

an ideal refrigerant cy c
devi ance fr@ﬁﬂlﬁmﬂéquﬁﬁﬁm@? ]ét‘eéIIWFCOIC}*}@?er“@flﬁlieg‘etﬁlawieéﬁWS?;yls»‘b%memats:ed on
sai d thernodynam ¢ anal ysis and any inconsi stencies between a state

of the operating, refmkgemnat eicgﬂdh?@/tﬁ Lem @Qﬂer&ihﬁle(ﬁﬁwsg&lﬂa@é @E&npressor oil

dissolved in the refrigevant in the evaporator.

10.  The method according to claim 8, wherein the process variable is refrigerant

charge condition,

11.  The method according to claim 8, wherein an optimum efficiency is determined
based on swirogate process variables.

12.  The method according to claim 8, wherein the operating point is maintained by

closed loop control based on the determined optimum efficiency process variable level.

13.  The method according to claim 8, wherein the process variable is compressor oil

dissolved in a refrigerant in an evaporator, and wherein the process variable is aliered by



5. The method according to claim 4, wherein said estimte of
deviance is used to determne a need for refrigeration system

servi ce. 6. The nethod according to claim4, wherein said
estimate of deviance is used to estinate a refrigeration system
capacity. 7. The nethod according to claim4, wherein said

t hernodynam ¢ analysis relates to a state of the refrigeration
system further conprising the step of4honitoring refrigeration
system performance in real tine over a range of operating conditions
to determ n&PHpaEat AGrelBemnt dit 'fusration vEephysi cal par anet ers.

8. The nethod according to claim4, wherein said thernodynam c

anal ysi s conprisqs e’ﬁﬂe‘nﬁ'@ﬂioﬁ E!&oﬁﬂgﬁf&ldnﬁﬁ%@ﬁér Qbaplidie t"?fpa@l’.r %E‘fn@cgctmga
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process var F4hTE° ¢ 8??"1“@%?‘5131‘16‘?{"@Vé‘f"ésrﬁtelﬁéﬂ ©Hiph tilgHef agortion of
refrigerati tndsimstestionchaliopthe st | ¢ based on an anal ysis of obtained
physi cal paraneters after said alteration; and opti m zi ng a process
vari abl e | evel in acgordance w.t rm ned st em o
characteristic. 1s! b B’O%ﬁcéor%g W&E‘“&gi‘(‘}ﬁﬁ Ct‘?@’prfsc‘)“ ]I’eaﬁ{eﬁ? o : dppiEes

t he pr ocesssevalvitabl the ﬁeﬁ’ig@auiansmon pariurbathins st leexd onel’mpérﬁtbnil @irﬁrh:g@r ant
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determ ned &asgpshtioRhl §#§1ﬁé@ﬁ%tﬁmﬁﬁ’e@%ﬁ§t1¥%§ b@gérﬂﬁlg states when tlgcgcﬁlge%on
nmet hod accordin ein the operating point

mai nt ai ned 56’§}e"8ﬂd’?’éﬁ‘”%‘(ﬂtﬁd%@ﬁwﬁw ofisientrangh OJ’Ecl?éraH@tSE‘ eﬁ?‘ﬁ‘é‘d%‘iﬁ“i"hum
ef ficiency theredapsedicsd kel costd edficddnt. 13. The nmethod according to
claim8, wherein the process variable is conpressor oil dissolved in

a refrigerant an tor ejn.the process variable is
altered by 41 fs.éeparpfgl |’E@"‘g“ﬁm%‘“‘%{‘}f'ﬁé‘%ﬁafé?%\‘h le}aﬁgﬁ‘ﬁgpeﬂ%‘w ?“ﬁ%s?’ésﬁ on
system nontriviglydoubihendediatgsdf eedise pati qogfinnes! apbratiomofithe fefitdetaion system
conpri si ng fgfb%,safc&e;sfeﬁt dRhEHIfhbg oemq.ﬁg.tgom@ﬁf ik lﬁlmgaofa%re bh&i&in
operation on said refrigeration systemto corr & a 8rt|on
of the devileiete ap eials edapglﬁtgqgnag_mt whegipthe service altqgtheqtﬂ@stnaég @m@nona]

accordi ng tlﬁt a(:hletall tm\xﬁhmfalﬂbﬁnhﬂ& oINSl GoubR@ndeh %ﬁl%e c?fvalucs Q@a}x ﬁh‘&{n :'“ ngt a
1 ons Oof a eas

; 1 2 “ﬁ"‘e ]]%eratmn systemto pertur
one operat i 5%5?" A P EPEP USR8 ni ng an efficient range of operating
states for the refrigeration system based on the determ ned
sensitivity; and performng a service of the refrigeration systemto

bring the at |egst aremeped a&&dr&]ﬁ@b cR BIWePdin e bittaRodah@radfelel 6 bt
range of opera he refrigeration systemis operating

on 151 {3 of et t‘“’“[f”
out si de t h& FRFTREQ EF BT BT 8hE® P of operating states and a
correction thereof is predicted to be cost- efficient. 16. The
met hod accor di ng. t o Tt ektwddcordifiets ehim tShehstanfesedficeepafratd agridatdne s
has a nont &lﬂ\(e]%l] gg#lbl e ended range of val ues, and conti nued
operation of 't rigeration systemfollows a consistent trend in
change in operating point froma begi nning of cycle operating point
to an end of cylél e dpemsthodrgcqudngto clainhidr eherit theatdmsteicaerlidnelsratmbter at
| east one of the
non-trivi aﬁgﬁﬁg Fgﬁ@%}aé@d g?gﬁgegg&o%feiﬁg\éytagggﬁgégrplgtﬂﬁ%%e%| nni ng of cycle
operating point. 17. The nmethod according to claim 15, wherein
t he operation a|20par dhemeathod agcqydipg to claim 4, further comprising the step of pledlctmga

refrigeration capacity of the refrigeration system.

21, The method according to claim 4, finther comprising the steps of: defining cost

parameters of operation of the refrigeration system; determining usage parameters of the



concentration of refrigerant in the evaporator. 18. The net hod
according to claim15, wherein the service conprises a purification
of the refrigerant. 19. The nmethod according to claim15,
wherein the at | east one operational paraneter is estinmated by
measuring an energy efficiency of the refrigeration system

20. The nmethod according to claim4, further conprising the step of
predicting a refrigeration capacity of 4% he refrigeration system

21. The net had accordin %o claim4, further conprising the steps of:
defining cd ‘%ﬁ%ﬁ?@iﬂ@r@ Fing p BFoRofyaAmiGeiftchef asavics Hasedytr ot wirkineith
det er m ni ngemwa@eff‘man@mtnammg@fcost biahe séiRick ﬁf)cfethg'el’aﬁd toRtuchiySd Bfbenefit

P eh Fesnd shulRtaIROY NSRSl Lfithbbied 2% Mol BEEUR FosRyRamie ! e
procedure Bﬁﬁmm@@ﬁdw@ﬁwﬁ@ a cost benefit anal ysi s based on the
operation cost paraneters, usage paraneters, predicted thernodynam c
effect and estinmated cost.



